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Abstract

This effort is to solve the media allocation model using metaheuristic genetic algorithm. The NP-complete model which
is an integer nonlinear programming is originated from the weapon-target assignment problem of military operations
research. We solve the hypothetical example is previously given and solved by MS Excel’s Solver using genetic algorithm
in this paper. We obtain better solutions than found in the previous published study.

Keywords: Advertising campaign, integer nonlinear programming, genetic algorithm, metaheuristics
Jel Code: C02, M31, M37

SILAH-HEDEF TEMELLI MEDYA PLANLAMA
PROBLEMI ICIN GENETIK ALGORITMA
METASEZGISELI

Ozet

Calismanin amaci medya planlama problemini genetik algoritma metasezgiseli ile ¢ozmektir. Problem askeri yoneylem
arastirmasi alanindaki silah-hedef atama probleminden modifiye edilerek, NP-complete model olan tamsayili dogrusal
olmayan programlama problemi olarak modellenmistir. Calismada, daha 6nce MS Excel Coziicii ile ¢6ziilen bir hipotetik
problem genetik algoritma kullanilarak ¢oziilmiistiir. Daha dnce raporlanan sonugtan daha iyi bir sonug bulunmustur.

Anahtar Kelimeler : Reklam kampanyasi, tamsayili dogrusal olmayan programlama, genetik algoritma, metasezgiseller
Jel Kodu : C02, M31, M37
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1. INTRODUCTION

In various media for advertising, media planning
is the process of selecting time and space, in order to
maximize the effectiveness of advertising effort
(Hairong, 2005). The best media plans provide the
target audience with an optimum level of coverage
and opportunities to see the campaign (Fox Media
Company, 2005). Media allocation is to apportion
the information to appropriate media vehicles and in
determining the number of ads in each vehicle
(Locander, Scamell, Sparkman and Burton, 1978).
An advertising campaign should be more than just
the sum of its parts (Fox Media Company, 2005). A
synergistic media mix should be obtained and
implemented. One of the most important issues in
media allocation is how to allocate the media budget;
that is, making decisions in which markets to
advertise and how much to spend in each of these
markets in order to match media audiences with the
target audience (Hairong, 2005). In this study, we
propose a metaheuristic solution technique based on
genetic algorithm for the media allocation model
developed by the second author Cetin and Esen
(2006).

2. THE MODEL

In Cetin and Esen (2006), the authors employed
the weapon-target allocation model which in the
class of NP-complete models, for developing the
media allocation model. The development of the
model and the data of the hypothetical problem are
quoted from Cetin and Esen (2006) as follows: By an
analogy that the weapons can be determined as
media vehicles to be advertised when the military
targets as target audiences (segments) to be planned
to reach. In that study, TV, radio, Internet,
newspaper, billboard, printings, e-mail and etc. are
given as media vehicles. People exposed by media
vehicles in different times of the day are given as
target audiences. The number of weapons ( X;;) is
determined as the number of ads.

The number of ads (frequency) refers to the
number of times within a given period of time an
audience is exposed to a media schedule. Effective
frequency is defined as the level of frequency that is
essential to achieve the desired communication goals
of marketing strategy (Hairong, 2005).

The mathematical programming model is as follows
under the assumption that the target audience is
constant to be exposed by such media vehicles (as in
military targets) in a given time period.

Let i=12,.,t.,r,.,w,.,n,.,W be the number of
kinds of advertisements,

w be the number of renewable (can be updated
during the day) media type,

t be the number of TV appropriate to be
advertised,

r —t be the number of radio appropriate to be
advertised,

w — r be the number of renewable media types
other than TV and radio (such as Internet),

n — w be the number of newspaper appropriate
to be advertised,

W — w be the number of unrenewable media
type,

W — n be the number of press (unrenewable)
media type other than newspaper (such as billboards,
printing etc.),

j=12,..., T be the number of segments,

W, be the number of advertisements type i
available,

T, be the minimum number of ads required for
target audience j,

U, be the relative segment weights,

P be the probability of reaching the target
audience j by a single ad type i,

C;; be the unit variable cost of an ad i to the target
audience j,

X;; be the number of advertisements of type i
assigned to target audience j,

B be the total advertising campaign budget,

P, be the upper limit for percentage of total
budget invested to TV,
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P, be the upper limit for percentage of total
budget invested to radio,

P5 be the upper limit for percentage of total
budget invested to newspaper.

The objective is to maximize the total percentage
(probability) of reaching (exposure) the target

audiences,
T 1
maxZUj [1—1_[(1— pij)x"j (1)
j=1 i=1

Total assignment cost must not exceed the total ad
campaign budget. The expression enclosed in
parenthesis denotes the sum of costs of each media
vehicle,

T w W 1
Z[Zcijxij + Z = G X J <B (2
j=1 i=1 i:W+1T

The total budget allocation to TV, radio and
newspapers is restricted by desired proportions

respectively,
T t
chij X <Bpy @)

j=1 i=1
T r
Z CijX; < Bp, (4)
j=1 i=t+1
T n 1
Z ?cij % <Bp; ()
j=1 i=w+1

There are specific numbers of advertisements
available for different advertisement vehicles,
T

Z X <W, (6)

=1

where Vi=w+1..,W, W, =Tk and In fact, Tk
refers to k ads for those due to the stability nature of
press media during the day.

Each target audience requires at least some
number of advertisements, due to the fact that there
is a threshold (effective frequency) for a media
vehicle, which the total volume of this medium
exceeds. The probability of arising the persons
intention to buy the product or service under the

influence of this kind of advertisements does not
increase after this point (Belenky and Nistraman
Consulting, 2001). We take the limits of each media
vehicle as a whole. The model imposes the
assignment to be as close as possible to the lower
bounds and thus,

Z X, 2T, )

For press media vehicles, it is compulsory to be
the same advertisement number (weapon) through
different target audiences,
Vi=w+1,...,,W, Xij = Xi(j+1)’vj =12,..T-1

Finally, non-negativity and integer constraints
complete the mathematical model,

X;; =0 and integer,
vi=12,..,W,vj=12..T.

The model is an integer nonlinear programming
model which can be solved by any appropriate
software. On the other hand, the proposed model is
NP-hard (NP-complete). As in WTA problem, there
is no exact algorithm to solve this model. Therefore,
heuristic approaches can be employed for near
optimal solutions (Cetin and Esen, 2006).

3. GENETIC ALGORITHM

Genetic algorithms (developed by Holland
(Goldberg, 1989; Reeves, 1995) and a meta-heuristic
that mimic the process of evolution in order to solve
complex combinatorial problems), have been applied
successfully to a wide variety of problems. Genetic
Algorithms (GAs) updates a population of solutions
via genetic operators such as crossover, mutation and
selection to achieve offsprings with better quality
until convergence criteria are met. At each
generation, a genetic algorithm is capable of
producing and maintaining a set of feasible solutions,
maintaining a population of candidate solutions, and
evaluating the quality of each candidate solution
according to the problem-specific fitness function
(Keskintiirk and Yildirim, 2011).
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Our implementation includes a chromosome of
size WXT. Every chromosome represents of total
solution of the problem and every cell of
chromosome represents xij variables that the number
of advertisements of type i assigned to target
audience j. Initial population of the problem
generates randomly.

The fitness function f for a chromosome to
penalize the objective function severely can be
calculated as a function of the objective function
value as maximize the total percentage of reaching
the target audiences.

In a genetic algorithm, chromosomes with a better
fitness value receive more chances to survive in the
next generations. The roulette wheel selection
operator is used to select parents for the next
generation.

After parents are selected the crossover operation
is applied which we used a single point crossover.
Since our chromosomes are matrix we applied the
single point in a different two ways: Vertical and

horizontal. While wvertical crossover is chosen
randomly, parents exchange the segments
information and in horizontal crossover target

audience information are exchanged.

For maintaining diversity in genetic algorithm,
mutation operator is used. In this study we applied
mutation as random changing of the number of
advertisements between zero and upper limit (20)
with mutation probability, pm.

The pseudo-code of the genetic algorithm is
presented in Figure 1.

Genetic Algorithm
STEP O: Generate an initial population
STEP 1: Evaluate the fitness value of the
chromosomes
STEP 2: Perform selection operation.
STEP 3: Perform crossover and mutation

operations according to probabilities.

STEP 4: Repeat steps 1, 2 and 3 until the
GA 1is reached number of
generations

STEP 5: Select the best solution.

Figure 1. Pseudocode for the genetic algorithm.

4. COMPUTER APPLICATION

A hypothetical example, given in Cetin and Esen
(2006) is as follows: Assume that a company is
planning to start an advertising campaign for a
particular product. The duration is up to the company
management. The company takes four target
audiences () as morning time, afternoon time, prime
time and nighttime of the day. Also, it has fifteen ()
media vehicles to be advertised as ATV, BTV, CTV,
DTV, ETV, FTV, GTV, K Radio, L Radio, Internet,
P Newspaper, R Newspaper, billboard, printings and
e-mail. From the past rating and circulation
observations, the company knows the percentages
and unit costs of reaching the target audiences in
different time partitions according to media vehicles.
The unit refers to different measures for different
media vehicles. The percentages (probabilities) are
shown in Table 1 while the unit variable costs (in
$10.000), advertising capacities, segment weights
(marketing values of targets) and the number of
advertising required for each target is shown in Table
2.

Table 1. The Probability Matrix

Morning  Afternoo Prime Night

time (1) ntime(2) time(3) time(4)
ATV 0,21 0,12 0,12 0,23
BTV 0,35 0,24 0,12 0,07
CTV 0,19 0,04 0,00 0,19
DTV 0,00 0,26 0,19 0,13
ETV 0,13 0,19 0,25 0,00
FTV 0,24 0,14 0,22 0,09
GTV 0,09 0,00 0,18 0,28
K Radio 0,39 0,17 0,47 0,00
L Radio 0,24 0,31 0,14 0,43
Internet 0,10 0,23 0,03 0,35
P Newspaper 0,12 0,11 0,03 0,09
R Newspaper 0,32 0,23 0,09 0,21
Billboard 0,32 0,10 0,28 0,02
Printings 0,23 0,12 0,08 0,03
E-mail 0,29 0,07 0,04 0,32
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In this example, TV, radio and Internet are
determined as renewable media, while newspaper,
billboard, printings and e-mail are press media. It is
seen in Table 1 that some vehicles has 0 probability
to reach some targets. As shown in Table 2, prime
time is the most important segment, as nighttime is
the least important segment for the product. These
weights can be changed with respect to the features

and 120 GB of hard drive using MATLAB R2009a
as the programming medium. Probability of
crossover and mutation are selected as .9 and .01
respectively. Population size is 20 and number of
generation is 1000.

Table 3. MS Excel Solver Results

Morning
time (1)

Afternoon Prime Night time
time (2) time(3) (4)

ATV
BTV
CTV
DTV
ETV
FTV
GTV
K Radio
L Radio

O O O O U1 O o o
O O O O O O N O O

[N
]

[En

N

Internet

P Newspaper
R Newspaper
Billboard

Printings

P P P N O O M O O O O N N -

A =)

P P P N O O 0 O U1 O O O o o
L )

[N

E-mail 1

[N

Table 4. Genetic Algorithm Results

Prime
time (3)

Afternoon
time (2)

Morning
time (1)

Night
time (4)

of the product. Total advertising budget is
B = $75.000
Table 2. The costs, number of ads and segment weights
Morning Afternoon Prime Night Ad
time (1) time (2) time  time capacity
(©) 4)
ATV 0,140 0,120 0,140 0,150 8
BTV 0,110 0,130 0,150 0,100 7
CTV 0,100 0,043 0,100 0,085 9
DTV 0,130 0,130 0,130 0,125 5
ETV 0,130 0,135 0,140 0,140 6
FTV 0,150 0,150 0,150 0,150 8
GTV 0,160 0,160 0,160 0,180 3
K Radio 0,015 0,010 0,010 0,010 10
L Radio 0,025 0,020 0,020 0,027 15
Internet 0,050 0,050 0,050 0,065 12
P Newspaper 0,100 0,100 0,100 0,100 8
R Newspaper 0,160 0,160 0,160 0,160 4
Billboard 0,096 0,096 0,096 0,096 4
Printings 0,020 0,020 0,020 0,020 4
E-mail 0,008 0,008 0,008 0,008 4
Jﬁ?f@ﬂiﬁ r‘;fd 16 18 25 10
w2341

The management wants to restrict total TV, radio
and newspaper expenditure shares with p =055,
p, =015and p, =0,25 respectively. The problem is
the media and budget allocation subject to the
constraints so that the total probability of reaching
the target audiences is maximized (in theory) within
the given budget (Cetin and Esen, 2006).

Results of genetic algorithm are obtained on
Pentium Dual Core Machine with 4GB of memory

ATV
BTV
CTV
DTV
ETV
FTV
GTV
K Radio
L Radio

Internet

O O O O o B, O O
P O O O O O N O o

N
~

N

N

P Newspaper
R Newspaper
Billboard
Printings

R P P P N O O N O N O O o N O
P B P P N O O 0 O U1 O O O O o

= T = = N =)
, R R RN

E-mail
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The problem is solved using MS Excel’s classical
Solver in Cetin and Esen (2006) and the objective
function is found 9,995405062449 when the problem
with the same data is solved and found in this study
9.99564671899946 (which is again near-optimal) as
the total weighted exposure of the target audiences.
We see that this solution could not be improved by
further genetic algorithm iterations. Thus, genetic
algorithm metaheuristic employed in this study
improved the previous solution .004%.

5. CONCLUSIONS

In this effort, we propose genetic algorithm
technique as a metaheuristic tool for the solution of
weapon-target assignment based media allocation
problem presented, which is solved by MS Excel’s
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Solver, in Cetin and Esen (2006). Our genetic
algorithm produces better solutions than MS Excel’s
Solver for this problem.

We believe that genetic algorithm approach is a
good and feasible alternative for the solution of this
type class of problems. As a further research, we
may employ genetic algorithm approach for the
problem with many target audiences (such as, in
terms of hours or minutes) and many advertising
tools and multiple companies as well. In addition, we
employ different operators, parameter optimization
efforts and some local search techniques for the
advanced of our solution method. What is more, it
may be used some heuristic and metaheuristic
techniques such as ant colonies algorithm for the
solution of weapon-target based media allocation
problem.
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Abstract

Entropy has a very important role in Statistics. In recent studies it can be seen that entropy started to take place nearly in
every brunch of science. In information theory, entropy is a measure of the uncertainty in a random variable. While there
are different kinds of methods in entropy, the most common maximum entropy (MaxEnt) method maximizes the Shannon’s
entropy according to the restrictions which are obtained from the random variables. MaxEnt distribution is the distribution
which is obtained by this method. The purpose of this study is to calculate the MaxEnt distribution of Turkey’s Annual
temperatures for last 43 years under combinations of the restrictions 1, x, x?, Inx, (Inx)?, In(1+x?) and to compare this
distribution with the real probability distribution by the help of Kolmogorov-Smirnov goodness of fit test. According to the
results, goodness of fit statistics accept the null hypothesis that all the entropy distributions fit with the probability
distribution. The results are given in related tables and figures.

Keywords: Shannon’s Maximum Entropy Distribution, Lagrange Multipliers, Discrete Distributions.
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SHANNON'UN MAKSIMUM ENTROPI DAGILIMININ
BAZI KISITLAR ALTINDAKI PERFORMANSI:
TURKIYE'NIN YILLIK HAVA SICAKLIKLARI UZERINE
BIR UYGULAMA

Ozet

Istatistik biliminde entropi olduk¢a dnemli bir yere sahiptir. Son yillardaki ¢alismalarda entropinin neredeyse
bilimin her dalinda yer aldig1 goriilebilir. informasyon teorisinde, Entropi, rassal bir degiskenin belirsizliginin
bir dlgiistidiir. Entropi igerisinde farkli birgok metot olmasina ragmen, en yaygin olan Maximum Entropy
(MaxEnt) metodu, rassal degiskenlerden elde edilen kisitlara bagli olarak Shannon’un entropisini maksimize
eder. MaxEnt dagilimi ise bu metot araciligi ile elde edilen dagilimdir.

Bu ¢alismanin amaci, Tiirkiye nin son 43 yillik sicaklik degerleri icin 1, X, X2, Inx, (Inx)?, In(1+x?) kisitlarinin
kombinasyonlari ile MaxEnt dagilimini hesaplamak ve bu dagilimi gercek olasilik dagilimi ile Kolmogorov-
Smirnov uyum iyiligi testi yardimi ile karsilagtirmaktir. Elde edilen sonuglara gore tiim entropi dagilimlarinin
gercek olasilik dagilimi ile uyum gosterdigi seklindeki sifir hipotezi kabul edilmektedir. Elde edilen sonuglar

ilgili tablo ve grafiklerde verilmektedir.

Anahtar Kelimeler: Shannon 'un Maksimum Entropi Dagilimi, Lagrange Carpanlar, Kesikli Dagilimlar.

Jel Kodu: C02, C46, C63.

1. Introduction

Historically, many notations of entropy have
been proposed. The etymology of the word entropy
dates back to Clausius (Clausius 1865), in 1865,
who dubbed this term from the greek tropos,
meaning transformation, and a prefix en- to recall
the indissociable (in his work) relation to the notion
of energy (Jaynes 1980). A statistical concept of
entropy was introduced by Shannon in the theory
of communication and transmission of information
(Lesne, 2011).

A Maximum Entropy (MaxEnt) density can be
obtained by maximizing Shannon’s information
entropy measure subject to known moment
constraints. According to Jaynes (1957), the
maximum entropy distribution is “uniquely
determined as the one which is maximally
noncommittal with regard to missing information,
and that it agrees with what is known, but expresses

maximum uncertainty with respect to all other
matters.” The MaxEnt approach is a flexible and
powerful tool for density approximation, which
nests a whole family of generalized exponential
distributions, including the exponential, Pareto,
normal, lognormal, gamma, beta distribution as
special cases (Wu, 2003).

There are many subjects in statistics, examined
via Maximum entropy or minimum cross entropy
application (MinxEnt) (Kullback, 1959, Kapur and
Kesevan 1992; Shamilov ve Kantar Mert 2005,
Usta, 2006).

There are potentially more appropriate
measures of information than the variance,
however, such as that developed by Shannon
(1948), Shannon and Weaver (1949), Renyi (1961)
and Khinchine (1957). This information theoretic
approach was rigorously related to the general
body of statistics by Kullback and Leibler (1951)
and Kullback (1959). These authors and other
current analysts such as Parzen (1990a, b) and
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Brockett (1992) have continued to conduct
research to show how the information theoretic
approach can lead to a view of statistics which both
unifies and extends the various parts of the body of
statistical methods and theories (Brocket et al
1995).

2. Material and Method

As Losee (1990) mentioned; the amount of self-
information that is contained in or associated with
a message being transmitted, when the probability
of its transmission is p, the logarithm of the inverse
of the probability is as in [1].

h:Iogl or h=-logp 1)
p

For a random variable X with values in a finite
set R, Shannon’s entropy H(x) can be defined as in

21.
H(x):—Zp(x)Iogp(x) (2)

xeR

The choice of a logarithmic base corresponds to
the choice of a unit for measuring information. If
the base 2 is used the resulting units may be called
binary digits, or more briefly bits, a word suggested
by J. W. Tukey (Shannon and Weaver, 1949).

Recent studies show that, when deciding the
restrictions, Entropy distributions of the
characterizing moments and some combinations of
these moments of a known statistical distribution
gives better results to model the data set. For
example Wu and Stengos (2005) used x , x?, In(1+
x2) and sin x functions as the restrictions, Wu and
Perloff (2007) used x , x?, In(1+ x?) and arctan x
and Shamilov et al (2008) used x , x?, x3, Inx, (In
x)2and In(1+ x?) as the restrictions for the entropy
distribution (Usta, 2009).

In our study like these recent studies we used 1,
X, X2, Inx, (Inx)?, and In(1+x?) as the restrictions to
calculate the entropy distributions.

When there are more than one restriction, we
need to use Lagrange multipliers to solve the
restricted equations at the same time. If we consider

an entropy distribution with three restrictions, to
find the MaxEnt distribution of a random x
variable, with probabilities p,, p,, ..., p, the H(X)
must be solved under the restrictions given below.

ipi =1 (3)

Zn:pi O =44 4)
ipi 95 = 1 ®)

For three restrictions like this, the Lagrange
function can be obtained as in [6]. Here y; are the

i" moments of the related data.

= —Z:pilnpi - (Zpi —1}
i=1 i=1

- Zpigi _Ml_iz szigi_ﬂzj (6)

If we set=equation [6] to zérb after derivation

according to p;s, then
Inp; ==1-4, - 4,0, - 4,0, 1=12,..., Y]
pi = eXp(_l_ﬂo - A0 _/lzgzi)

i=12,..,n (8)

ZeXp(_l_ﬂo =40, — 40 ) =1

i=12,...,n 9
1
exp(-1-4 ) =—
Zi:le)(p(_ﬂigﬁ = 4,9 )
i=12,...,n (10)

As a result we can obtain the MaxEnt
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probabilities as in [11] (Degirmenci, 2011).

exp(—4 0y — 40, )
Zin:lexp(_jigli = 2,0, )

1)

As an illustrative example lets think that we
have observations as 3, 7, 10 and 12. and lets take
the restrictions as (1, x and x2) now we may write
the equations like in [13] (Cigek, 2013).

p1+p2+p3+p4:1

3p, +7p, +10p, +12p, =8
9p; + 49p, + 100p; + 144p, = 75.5 [13]

When we adapt the given equations we can

obtain the equations given [14].

py = e~Mo~Mx = g=Ao=321-9%
p, = e~A0=Mx = g=ho—Th=49%, l [14]
ps = e~t0=A1X — p—20—1041-1002,

Dy = e~ ix — g=Ag=1211-1442, J

When we solve these equations we can obtain

the Lagrange multipliers as;
Ao = 0.5618, 1; =-7,80E-18 and 1, = 0.0141

As a result, by the help of these multipliers we
may obtain the MaxEnt distribution as in Table 1.
Table 1. MaxEnt distribution of the sample for
three restrictions.

P 0.5020
P, 0.2851
Ps 0.1386
Pa 0.0744

3. Application

In this section of the study, MaxEnt
distributions for temperature values in Turkey
during the last 43 years are calculated. The data set
is obtained from Turkish State Meteorological
Service. To calculate MaxEnt distribution of the
related data set under restrictions with the help of
the Lagrange multipliers we used MATLAB
software and developed a program to calculate any
discrete data set under some restrictions. The
frequency distribution for this data set can be seen
in Table 3 and its histogram is given in Figure 1.

Figure 1. Histogram for the annual temperature
values (in Celsius) of Turkey for last 43 years.

Figure 1 shows that the average annual
temperature of Turkey in last 43 years is about 11-
12 C.

Entropy values are calculated under two, three,
four, five and six restrictions for this data set. The
best entropy values (Minimum uncertainty
amount) for the related restrictions are shown in
bold and given in Table 2.

Table 2. Entropy values of the temperature
distribution under given restrictions.
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Restrictions Entropy H(X)
(1, x) 1.77536033981
(1, x3 1.72687192330
(1, Inx) 1.78918471283
(1, (Inx)?) 178131812647
(1, In(1+x2)) 179175946922
(1, x, x2) 1.77371720718
(1, x, Inx) 1.77554313034
(1, %, (Inx)?) 177549169046
(1, X, In(1+x2)) 177554248388
(1, X3, Inx) 1.72736338152
(1, %2, In(x)?) 172771821411
(1, x2, In(1+x?)) 1.72735921453
(1, Inx, (Inx)?) 178906743971
(1, Inx, In(1+x2)) 178918513332
(1, (InX)?, In(1+x?)) 177923497943
(1, X, X2, Inx) 1.68678640317
(1, %, X2, (Inx)?) 171520751538
(1,x, X2, In(1+x?)) 168653487964
(1, X, Inx, In(x)?) 1.77554313034
(1, X, Inx, In(1+x?)) 1.77543835428
(1, x, (INX)?, In(1+x%)) 1.74012605933
(1, X2, Inx, (Inx)?) 174973313274
(1, X2, Inx, In(1+x2)) 1.72716039931
(1, X2, (InX)?, In(1+x?)) 1.70088754359
(1, Inx, (InX)?, In(1+x2)) 1.78133520000
(1, X, X2, Inx, (Inx)?) 1.73922899405
(1, X, X2, Inx,In(1+x?)) 1.68628798649
(1, x, X3, (INX)?, In(1+x2)) 1.65478629163
(1, %, Inx, In(x)2, In(1+x2)) | 1.75994429256
(1, x2Inx, (Inx)?, In(1+x?)) | 1.70065491805
(1, X, X2, Inx, (Inx)?, 1.65073612464
In(1+x3))

Table 2 shows that the minimum Entropy

(Maximum information) is obtained as 1.6507
under six restrictions. As a summary of the table;
the minimum entropy value under restrictions (1,
x?) is 1.7268, restrictions (1, x%, In(1+x?)) is
1.7273, restrictions (1,x, x?, In(1+x?)) is 1.6865,
restrictions (1, X, X2, (Inx)?, In(1+x?)) is 1.6547, and
restrictions (1, X, X2, Inx, (Inx)?, In(1+x?)) is 1.6507.

11 Performance Of Shannon’s Maximum Entropy Distribution Under Some Restrictions... | Alphanumeric Journal, 3(1) (2015) 007-014

It can also be seen that by increasing the number
of restrictions, the entropy values decrease.

At the next step of the analysis, Kolmogorov-
Smirnov goodness of fit test is applied to test
whether or not each of the entropy distributions
under these restrictions fit to the real probability
distribution.

The two-sample Kolmogorov-Smirnov (K-S)
goodness of fit test is one of the most useful and
general nonparametric methods for comparing two
samples, as it is sensitive to differences in both
location and shape of the empirical cumulative
distribution functions of the two samples.

If Fo(x) is the population cumulative
distribution, and Sn(x) the observed cumulative
step-function of a sample (i.e., Sn(x) = k/N, where
k is the number of observations less than or equal
to x), then the sampling distribution of D=
maximum |Fo(X) - Sn(X)| is known, and is
independent of Fo(X) if Fo(X) is continuous (Frank
and Massey, 1951).

Null and the alternative hypothesis for K-S test
can be written as:

Ho : F(x) = Fo (x) (The data follow a specified
distribution)

H: @ F(X) # Fo (xX) (The data do not follow the
specified distribution)
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Table 3. Temperatures, frequencies, probabilities and entropy distributions

Temperature fo p; f2 f3 fa fs fe
10.23-10.94 6 0.1395 0.2629 0.2625 0.2941 0.3164 0.3192
10.94-11.65 17 0.3953 0.2169 0.2168 0.2288 0.2355 0.2362
11.65-12.36 15 0.3488 0.1767 0.1768 0.1752 0.1726 0.1722
12.36-13.07 3 0.0697 0.1422 0.1424 0.1322 0.1248 0.1238
13.07-13.78 1 0.0232 0.1130 0.1132 0.0983 0.0889 0.0878
13.78-14.53 1 0.0232 0.0880 0.0883 0.0714 0.0618 0.0608

fo: Observed frequencies
p;: Probability distribution
f2_¢: Entropy distributions under given restrictions

Maximum Differences between the probability
distribution and entropy distributions (D)
according to Cumulative Density Functions (CDF)
and probabilities for these differences are given in
Table 4 and the graph for Cumulative Density
Function for all entropy distributions is given in
Figure 2.

Table 4. Goodness of fit statistics for entropy
distributions and data set.

pi-Hi(X) D p(D)
H,(X) 0,1784 0,3180
H;(X) 0,1785 0,3180
H,(X) 0,1736 0,3180
Hs(X) 0,1762 0,8096
Hg(X) 0,1766 0,8096
Table 4 shows that according to the

probabilities (p(D)) of K-S test we accept the null
hypothesis and we can say that the maximum
entropy distributions under all restrictions

statistically fit to the related data set 95%
confidently.

While we obtain the maximum information
from the entropy distribution under six restrictions,
according to Figure 2. and the D values given in
Table 4, the maximum difference is between the
probability distribution (the red line in Figure 2)
and the entropy distribution under three restrictions
(the green line in Figure 2) according to
Cumulative Density Function.

Empirical COF
T T T

Figure 2. CDF Graph of KS test
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4, Results and Discussion

In this study, the performances of Shannon’s
maximum entropy distributions are examined
under two, three, four, five and six restrictions for
discrete variables and comparisons of restricted
entropy distributions are concluded according to
their entropy values which obtained minimum for
the related restriction.

One of the importance of this study can be
defined as; if any data set doesn’t fit to a known
statistical distribution, it can be explained via a
entropy distribution.

Results show that by an increasing number of
restrictions, MaxEnt distribution explains the
related data set much better.

To explain the Turkey’s annual temperature
values for the last 43 years, the best MaxEnt
distribution has the restrictions set of (1, x, X2, Inx,
(Inx)?, In(1+x2)) with an entropy value of 1.6507.
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Ozet

Bir iiriiniin tiretim dagitim plani {iretimin ilk asamasindan baglayarak, iiriiniin tiiketiciye ulagmasi ve geri doniisimiinii de
igeren tiim siireglerde yer alan tedarikei, tiretici, dagitici, perakendeci ve ulastirmacilardan olusan bir biitiindiir. Tedarik
zinciri yonetimi; tedarikgiler, tireticiler, dagiticilar ve perakendecileri en verimli sekilde biitiinlestiren bir yaklasimdir. Bu
biitiiniin énemli bir pargasi tedarik zinciridir. Tedarik zinciri mallarin ve bilginin akisini yoneten biitiinlesik bir sistem
seklinde tasarlanmalidir. Tedarik zincirinin ve bu zincir i¢inde yer alan tiim isletmelerin uzun vadeli performanslarini
arttirmak amaciyla, s6z konusu igletmelere ait isletme fonksiyonlart ve planlarmin sistematik ve stratejik koordinasyonu
seklinde olusturulmalidir. Bu c¢alismada, tedarik zinciri yonetiminde iiretim dagitim plani probleminin etkinliginin
planlanmas ele almmustir. Isletmelerin gesitli kisitlayic1 kosullar1 altinda bir iiretim dagitim problemi i¢in matematiksel
programlama tabanli alternatif bir model gelistirilmeye ¢alisilmistir.
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AN EFFICIENCY PLANNING IN SUPPLY CHAIN
MANAGEMENT WITH MATHEMATICAL
PROGRAMMING

Abstract

Starting from the initial phase of production, suppliers involved in all the processes from consumers to recycling is a whole
made up of consumers, producers and distributors. Supplier chain management is an approach that integrates suppliers,
producers, distributors and retail sellers in a most efficient way. One of the most important pieces of this whole is supplier
chain. Supplier chain should be designed in an integrated manner that will manage the flow of goods and information. In
order to boost the long-term performance of the firms in the supplier chain, managerial functions and plans should be devised
in a systematic and strategic manner. In this study, the problem of the distribution of production plan in supply chain
management the effectiveness of planning is discussed. Under the terms of a production deployment of various enterprises,
restrictive for mathematical programming problem-based alternative a model has been tried to be developed.

Keywords: Supply Chain Management, Production Distribution Plan, Mathematical Programming, Optimization,Efficiency Planning.

Jel Code: C02, C44, C61, M11

1. Giris

Tedarik zinciri, bir veya daha fazla {iriin
grubuyla ilgili elde etme, tretim ve dagitim
faaliyetlerinden kolektif bir bi¢imde sorumlu olan
otonom veya yar1 otonom is faaliyetlerinden olusan
bir sebekedir. Tedarik zinciri, malzemelerin
saglanmasi, bu malzemelerin ara ve nihai triinlere
doniisimii  ve nihai  driinlerin  miisterilere
ulastirilma ¢abasini yerine getiren arag ve dagitim
seceneklerinin bir sebekesidir. Tedarik zinciri
yonetimi ise misteriye, dogru {iriiniin, dogru
zamanda, dogru yerde, dogru fiyata tiim tedarik
zinciri i¢in mimkiin olan en az maliyetle
ulasmasini saglayan malzeme, bilgi ve para akigini
saglayan uygulamalar bitiniidir  (Tedarik-
ZinciriYonetimi-Nedir, Erisim Tarihi: Mayis
2013).

Ozellikle kar amagli isletmelerde bilisim
teknolojisinin kullaniminin ~ yayginlagsmaya
basladigi 1960 yillarin baslarinda IBM tarafindan
gelistirilen ilk malzeme ihtiya¢ planlamast MRP
yazilimi kullanilmaya baglanmistir. 1980’lerde
MRP II ile isletmelerinin {iretim ile dogrudan iligki
olan iiretim, satin alma, kalite kontrol, stok kontrol,
muhasebe ve maliyet analizi vb. uygulamalar takip

altina almmustir. 1990’11 yillarda kurumsal kaynak
planlamas1 ERP ile sadece iiretim sektorii degil
hemen hemen tiim sektdrlerde uygulama
baglamistir. Bilisim sektoriindeki hizli ilerleme,
internetin  yayginlagmast ile 2000’li yillarda
isletmeler miisteri iligkileri yonetimi (CRM) ve
tedarik zincir yonetimi (TZY) modillerini de
iceren ERP II kurumsal kaynak planlamasi
uygulamasi kullanilmaya baslanmistir.

2. Tedarik Zincir Yonetimi

Kiiresellesme ve rekabet kosullarinin da
etkisiyle isletmeler azalan kar marjlarim
koruyabilmek ya da arttirabilmek amaciyla
isletmesinin faaliyet alanlarim farkli alanlara
yaymaya c¢alismaktadir. Son yillarda bilgi
teknolojilerinin gelismesi, bilgi akisinin hizlanmast
ve ulasimin giderek kolaylagsmasi isletmelerin
piyasada rekabet edebilmesini kolaylastirmistir.
Kiiresellesme sadece iiriin tretmekte olan veya
bunlar1 pazarlayan igletmelerin ¢alisma kosullarini
etkilemekle kalmamis bunun yaninda hizlanan
bilgi akisindan paym: alan tiiketicilerin de
bilinglenmesine katkida bulunmustur. Tiiketicinin
bilinglenmesiyle birlikte tiiketici istek ve
beklentilerinde meydana gelen degisimler, o giine
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kadar itme prensibi temelli ¢alisan isletmelerin
iretim sistemleri iizerinde baski yaratmaya
baslamistir. Pazardaki oyuncu sayisinin artmastyla
siddetlenen rekabet isletmelerin mevcut pazar
kosullarinda ¢aligmalarini etkilemis ve tiretimden
yana olan talep dengesi, degisim riizgarlar1 ile
tiiketici odakli olarak yon degistirmeye baslamistir
(Zalluhoglu, 2007: 3).

Bugiin gelinen nokta da, ¢agdas iiretim ve
islemler fonksiyonun miisteri odakli olarak hareket
ettigini, maliyetler yerine 6ncelikle miisteri istek ve
ihtiyaglarini karsilayacak gesitte lirliniin, kaliteli ve
tilketicinin  istedigi  fiyattan tretimi {izerine
odaklandigini goriilmektedir (Soyuer ve Aracioglu,
2007:9).

1990’11 yillarin baglarindan itibaren isletmelerin
stireclerini miigteri odakli olarak degerlendirmeye
almasi, rekabet giiclerini arttirmak ve yiiksek kar
hedeflerine ulasabilmek i¢in geleneksel pazarlama
stratejilerini ve tedarik yonetimi alternatiflerini
yeniden ve detayli olarak gozden gegirmelerine
neden olmustur. Bu noktada hammadde satin alma
ve tedarik¢ilerden baglayarak satis noktalarina ve
nihai  kullaniciya uzanan  tedarik  zinciri
yonetiminin  verimli isletilmesi, maliyetlerin
kisilmas1 ve operasyonlarin hizlanmast yoniinde
isletmelere onemli rekabet avantajlart
yaratmaktadir.

Tedarik zinciri yonetimi, isletmenin ihtiyag
duydugu hammadde vb. iiriinleri karsilarken tim
sistem igerisindeki maliyeti minimize etmek i¢in
iiretilen ve dagitilan dogru miktarda malin dogru
yerde ve dogru zamanda olmasimni saglayan
tedarikgileri, imalat¢ilari, depolari ve dagitim
merkezlerini verimli bir sekilde birlestirmeyi
amaglayan bir yonetim tarzi olarak Onemini
hissettirir. Giiniimiizde artik sadece uygun fiyatla
iretmek degil, liretimde kullanilan malzeme ve
hammaddelerin fabrikalara, fabrikalarda iiretilen
mallarin da piyasaya tam zamaninda ve uygun
fiyatlarla yapilmasi, hem isletmelerin faaliyetlerini
gelistirebilmeleri hem de ekonomik kalkinmanin
hizlandirilmas: bakimindan 6nemli hale gelmistir.
Dolayistyla, hem zincir boyunca bilgi akisinin
etkin duruma getirilmesi, hem de tiiketici
hizmetleri  diizeyleri ile iligkili amaglarin

saglanabilmesi i¢in tedarik zinciri i¢inde eldeki
mevcut kaynaklarin toplaminin en uygun sekilde
kullanilmasi saglanmalidir (Zalluhoglu, 2007: 10).

Satict ¢———p Alici
Onakhik

Tedarikgi 4 Merkez Iletne €—» Misteri

Temel Tedarik Zinciri

Tedarikginin «p Tedarikc! 4w Merkez Isletme 4p Musteri @ Musterinin
Tedarikgisi Miisterisi
Genisletilmis Tedarik Zinciri

Ugiincii Parti Lojistik Saglayict i

oY H
Tedarikginin 4p Tedarikcia—p Merkez lilotme 4% Mustori 4—p Musterinin |
Tedarkgisi ~ w 4 ‘\\ /ﬁ' Miisterisi
/
a I's
Finans Saglayicisa Pazar Arastrmas: Firmast

Ust Seviye Tedurik Zinciri

Kaynak: Eymen, E. U., Tedarik Zincir YOnetimi,
www.kaliteofisi.com
Sekil 1. Tedarik Zincir Yapisi

Tedarik zinciri yOnetimini sadece tek bir
uzmanlik alani olarak algilamak hatalidir. Bir satin
alma siireci ile gelen malin isletme ig¢inde nasil
kullamlacagi farkli bir istir. Uretilmis malin
depolanmasi ile depodan malin alinip son
kullaniciya ulastirilmasi da farkli bir siirectir. Her
biri kendi iginde iyi bilinmesi gereken is
stirecleridir. Ama hepsi de birbirine bir zincirin
halkalar1 kadar iyi baglanmistir. Tiim halkalarin
saglamligr s6z konusu olduktan sonra, zincirin
saglamlhigindan s6z edilebilmektedir. Bunun
yaninda tedarik zinciri yonetimi teknik bir
faaliyetin Otesinde bir yoOnetim felsefesi olarak
goriilmesi elde edilebilecek yarari en iist diizeye
cikartacaktir. Tedarik zinciri yonetimi ile miisteri
isteklerini kisa siirede ve istenilen sekilde saglama
ve maliyetler, katma deger yaratmayan faaliyetler
ile gerekli olmayan malzemelerin azaltilmasini
saglar. Sonugta etkin bir tedarik zinciri yonetimi,
stoklarin  azaltilmasina, daha disik islem
maliyetlerine, {riinlerin uygun zamanda son
kullaniciya ulastirilmasi saglar. Bu durumda son

Alphanumeric Journal

The Journal of Operations Research, Statistics, Econometrics and Management Information Systems

ISSN 2148-2225
httt://www.alphanumericjournal.com/


http://www.kaliteofisi.com/

18 Murat ATAN, Sibel ATAN, Senol ALTAN | Alphanumeric Journal, 3(1) (2015) 015-024

kullanicinin  tatmininin artmasina neden olur
(Eymen, 2007: 9).

2.1. Tedarik Zinciri Modellemesi

Tedarik  zinciri  yonetim  modellemesi
olusturulurken kesin ¢izgiler ile model 6zelliklerini
belirlemek miimkiin degildir. Her modelleme kendi
i¢c dinamiklerine goére tanimlanmalidir. Ancak yine
de literatiir agisindan bazi adimlar1 ortak olarak
tanimlamak miimkiindiir. Bu 6zellikler; problemin
olusturulmasi, hedeflerin olusturulmasi, modelin
formiile edilmesidir. Potansiyel problemleri olan
sistem parcalarinin incelenmesi ve ¢alismanin buna
gore hazirlanmasi etkili bir ¢alisma yapabilmek
icin gereklidir. Tedarik zinciri modelinin amaglart,
iizerinde c¢alisilacak problemin durumuna gore
saptanir.

Calismanin hedefinin belirlenmesi daha 6nce
yapilan modelin sonuglarinin  yeni verilere
uyarlanmasini engelleyecek  sekilde dar
planlanmamalidir.  Hedeflerin  ve  problemin
belirlenmesinden sonra, modeli kuracak olan kisi
modelin temel c¢atisim1 gelistirebilir. Bu c¢at1
genellikle olaylarmm prensiplerini ve kullanilan
elemanlar1 igerir. Toplanan verilerin
dogrulugunun, elde edilen sonug {izerindeki etkisi
biiyiiktiir. Yapilan ilk plan icerisinde; gerekli olan
verilerin, bilgi kaynaklarinin ve bu bilgilerin nasil
elde edilebilecegi belirtilmektedir (Paksoy, 2005:
438 - 439).

2.2. Tedarik Zincirinde Uretim - Dagitim Agimin
Olusturulmasi

Tedarik zincirinde bir {irliniin  tedarikgi
asamasindan misteri asamasina ulagmasi i¢in
iiriinlin taginmasi ve depolanmasina dagitim denir.
Dagitim tedarik zincirinin bes asamasi olan
misteri, perakendeci, dagitimci, imalatgr ve
tedarik¢i asamalarindan herhangi ikisi arasinda
gergeklesebilir.  Hammaddeler  tedarikgilerden
imalatgilara ve nihai {iriinler ise imalatgilardan
miisterilere taginir. Dagitim, bir sirketin karliligini
etkileyen en 6nemli faktorlerden biridir ¢linkii hem
tedarik zinciri maliyetleri hem de miisteri

memnuniyeti dagitimdan dogrudan etkilenir.
Dagitim agy tercihi diisiik maliyetten yiiksek servis
diizeyi ve hizli siparig karsilamaya kadar bir¢ok
tedarik  zinciri amacmi  gerceklestirmekte
kullanilabilir. Sirketler, dagitim ag1 tasariminda var
olan bir¢ok secenekten birini secebilir. Kotii bir
tasarim hem maliyetleri arttirir hem de hizmet
diizeyini diistiriir ve bir sirketin karliligin1 6nemli
Ol¢tide etkiler.

Bir tedarik zincirinin performansi iki boyutta
incelenmelidir.

1. Karsilanan miisteri ihtiyaglart ve
2. Miisteri ihtiyaglarini karsilamanin maliyeti’dir.

Dolayist ile bir isletme, farkli dagitim agi
seceneklerini karsilastirirken, segenegin miisteri
hizmeti ve maliyetler iizerindeki etkisini
degerlendirmelidir; ¢linkii karsilanan  miisteri
ihtiyaglart ve maliyetleri dagitim agimin karliligini
belirler. Dagitim ag1 yapisinin etkiledigi miisteri
hizmeti performanslari sunlardir:

* Tepki Zamani

+  Uriin Cesitliligi

+  Uriin Varlig1

* Miisteri Tecriibesi
» Siparis Gorilinlirligi
+ Geri Verebilmedir.

Tepki  zamanmi  bir migterinin  siparis
vermesinden, uriniin kendisine teslim edilene
kadar gegen zamandir. Uriin Cesitliligi, bir
miisterinin dagitim kanalinin sunmasini bekledigi
{iriin cesitlerinin sayisidir. Uriin Varhgi, bir
miisteri siparisi geldiginde stokta {iriiniin bulunma
olasiligidir. Miisteri tecriibesi ise miisterinin siparis
verme {rilini teslim alma kolayligidir. Siparis
goriiniirliigii, verilen siparis vermeden iiriin
teslimine kadar olan tiim agamalarda miisterinin
sipariginin durumunu takip edebilme yetenegidir.
Geri verebilme ise bir miisterinin hatali ya da
herhangi bir nedenle iiriinii geri verebilme kolayligi
ve agm bu tir geri vermelerden kaynaklanan
sorunlari ¢dzebilme yetenegidir.

Tedarik zinciri ag tasarim kararlari, imalat,
depolama ve wulasim ile ilgili tesislerin
yerlerinin belirlenmesi  ve  her  bir tesisin
kapasitesinin ve roliiniin belirlenmesini igerir.
Tedarik zinciri tasarim kararlar1 asagidaki gibi
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smiflandirilabilir (Giirdrama, 2009: 19 — 20):

1. Tesis Rolii: Her bir tesis nasil bir rol
oynamalidir? Her bir tesiste hangi
stirecler gerceklestirilmelidir.

2. Tesis Yeri Sec¢imi: Tesisler nerelerde
kurulmalidir?

3. Kapasite Atama: Her bir tesise ne kadar kapasite
atanmalidir?

4. Pazar ve Tedarik Atama: Her bir tesis hangi
pazarlara hizmet vermelidir? Her bir tesis hangi
tedarikgiler tarafindan beslenmelidir?

REKABET STRATEJISI

ASAMA L
Tedarik Zincin KURESEL REKABET
ISLETME KISITLARI Stratejisi
Sermaye, Blylime Stratejisi,  f——|
Varolan ad vanisi

l GUMRUK TARIFELERI
RETIM VERGI TESVIKLERI
TEKNOLOJILERI
Maliyet, 8lgek etkisi, ihtiyag BOLGESEL TALEP
olan destek, esneklik ASAMANL e ] Miktar, bivime,

homojenlik, diger yerel

\ POLITIK FAKTORLER,
KUR, TALEP RISKI
o ASAMATI VAROLAN

Aday Yerler ALTYAPI

Bolgesel Tesis
e

REKABET ORTAMI » iglrasyonu

CRETIM YONTEMLER]
Gerekli vasiflar, yamit zamani

FAKTOR MALIYETLERI '\,5'\“'\ ) LOJISTIK MALIVETLERI
act, clekuk v, VMF\-!\IZr\c Ulagim, stok, kordinasyon
Yer segenckleri -

Kaynak: Giirdrama, Tedarik Zincir Y6netimi, ss 20.

Sekil 2: Tedarik Zincir Tasarimi Karar Asamalari

Birinci Asama (Tedarik Zinciri Stratejisinin
Tanimlanmast): Ag tasariminin ilk
asamasinda  amag¢  bir tedarik  zinciri
konfiglirasyonunun  tanimlanmasidir.  Tedarik
zinciri  stratejisi, tedarik zincirinin igletme
stratejisini destekleyecek hangi 6zelliklere sahip
olmas1 gerektigidir.

Ikinci Asama (Bolgesel Tesis
Konfigiirasyonun Tanimlanmasi): Ikinci asamada
amag, tesislerin kurulacagi bolgelerin, tesis
rollerinin ve yaklagik kapasitelerinin
belirlenmesidir. Eger, tedarik zinciri kiiresel ise bu
asama lilkelere gore taleplerin belirlenmesi, degil
ise bolgelere gore taleplerin belirlenmesi ile
baslamalidir. Talep tahmini talep miktarlarinin
yan1 sira, miisteri talebinin farkli bolge ya da

iilkelerde homojen ya da degisken mi oldugunu
icermelidir. Talep homojen ise yiiksek kapasiteli
biiyiik tesisler, talep degisken ise diisiik kapasiteli
bolgesel tesisler kurmak gerekebilir. Ikinci adim,
var olan iiretim teknolojileri géz oniine aliarak,
6lcek ekonomisinin maliyetleri azaltmada onemli
etkisi olup olmadiginin belirlenmesidir. Eger 6l¢ek
ekonomisi var ise, birgok pazara birkag tesis ile
hizmet saglamak daha karli olabilir. Eger dlcek
ekonomisi yok ise, belki de her bir pazar igin ayri
bir tesis kurmak daha iyi olabilir. Daha sonra, talep
riski, kur riski ve politik riskler belirlenmelidir.
Ayrica, her bolgedeki rakipler ve tesislerin
rakiplerin tesislerine uzak mi yoksa yakin mu
olacagi belirlenmelidir. Her bir pazar i¢in yanit
stiresinin ne olacagina karar vermek gerekir. Son
olarak, her bolge igin biitiinlesik diizeyde faktor ve
lojistik maliyetlerini belirlemelidir. Tim bu
bilgilere dayanarak yoneticiler tedarik zinciri ag
tasarim modellerini kullanarak, tedarik zinciri igin
bolgesel tesis konfigiirasyonunu belirlemelidir.
Bolgesel tasarim, agda kurulacak tesislerin
yaklasik sayisini, tesislerin kurulacagi bolgeleri ve
kurulan bir tesisin belirli bir pazar igin var olan
triinlerin timiini ya da belirli bir kismini tiim
pazarlar i¢in iiretip iiretmeyecegini belirler.

Uciincii Asama (Aday Arsalarin Segimi): Bu
asamada amag, belirli bir bdlge i¢inde kurulum
yerinin belirlenmesidir. Yer secimi, kullanilacak
dretim metotlarin1  destekleyecek altyapinin
durumu goz Oniine alinarak yapilmalidir. Altyap1
ihtiyaglar1, somut ve soyut altyapi ihtiyaglari olarak
ikiye ayrilabilir: Somut altyap: ihtiyaglari,
tedarikgilerin var olup olmadigi, ulagim hizmetleri,
iletisim, elektrik, su, depolama altyapisindan
olusur. Soyut altyapi ihtiyac1 ise, vasifll iggiicliniin
var olup olmadigy, isgiicii doniisiim oranlari, halkin
isletme ve endiistriye bakisindan olusur.

Dordiincii Asama (Yer Segenckleri): Bu
asamada amag, kesin bir yer secilmesi ve kapasite
atamasmin yapilmasidir. Bu asamada, ¢esitli
lojistik ve tesis maliyetleri, vergiler, tegvikler goz
6niinde bulundurulmalidir.
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2.3. Tedarik Zincirinde Uretim - Dagitim Agimin
Tasariminda Kullanilan Matematiksel
Modeller

Tedarik zincirinde dagitim aginin tasariminda

literatiirde en siklikla kullanilan iki farkli yaklasim
ile matematiksel modelleme yapilabilir. Bunlar
sirastyla;
1. Matematiksel Optimizasyon Teknikleri: Bu
yontemler kesin algoritmalar, en az maliyet, en
yiiksek kar, en kisa yanit siiresi gibi en iyi ¢ziim
verir. Bu yontemlerin en bilinen ve kullanilanlari
Dogrusal programlama, Tamsayili programlama,
Dinamik programlama, Envanter ve stok kontrol
modelleri, Sezgisel (heuristic) algoritmalardir.

2. Simiilasyon Modelleri: Gergek sistemin
bilgisayar  {izerinde  modellenerek  secenek
stratejilerin denenerek sonuglarinin
degerlendirildigi modeller bu grupta yer
almaktadir.

3. Tedarik Zinciri Yonetiminde Etkinlik
Planlamasi: Alternatif Bir Matematiksel
Programlama Uygulamasi

3.1. Arastirmanin Amaci

Gliniimiizde rakabet ortaminda faaliyetini
stirdiiren igletmeler i¢in tedarik zincir yonetimi ¢cok
onemlidir. Rekabet avantaji elde etmek isteyen
isletmelerin tedarik zincir yonetimini etkin olarak
yonetmesi gereklidir. Bu ¢aligmada bir isletmenin
tedarik zincir yonetiminde bu etkinligi planlamast
icin matematiksel modelleme kullanilarak bir
alternatif model 6nerisi yapilmistir.

3.2. Arastirmanin Kapsam ve Sinwrliliklar:

Arastirmada oOnerilen model i¢in kullanilan
tedarik¢i, fabrika ve dagitim merkezlerine ait
veriler hipotetik olarak arastirmacilar tarafindan
iretilmistir. Verilerin gercek bir isletmeden
Olciilerek alimmamis olmast ¢alismanin
smirliligidir. Calismada  kullanilmak  {izere
tanimlanmis olan tim veriler Ekler bolimiinde
Tablo 2 ile Tablo 8 arasinda verilen tablolar ile
gosterilmistir.

3.3. Arastirmanin Yontemi

Calismada Paksoy (2005) tarafindan Onerilen
tedarikgiler, iireticiler, dagitim merkezleri ve
miisteri bolgelerinden olusan ¢ok agamali tedarik
zinciri i¢in malzeme ihtiyaglarini da goz 6niine alan
karma tamsayili bir {iretim dagitim modeli temel
alinarak dogrusal programlama yapisi kullanilarak
model gelistirilmistir. Olugturulan matematiksel
modelin kapali notasyonla gosterimi asagida
yapilmistir.

Amag Fonksiyonu

Mi“[ZZZCm X+ D> oYy + D> CuZy ]
{ch,-@j + ZékAk] )

Kisitlayict Kosullar
Tedarikei kapasite kisiti;i x t adet kisit
injt < ait vi ’ Vt

i

Fabrika kapasite kisiti

E(,—k <bd; v,

k
Fabrika sayis1 kisit1
D2, <P

i
Dagitim merkezi kapasite kisiti
D Zi<eh LY,

[
Dagitim merkezi sayisi kisiti

DA <D
k

Birinci agama denge kisiti;j x t adet kisit

injt _a)tzyjk =0, Vi Y%

i k
Ikinci agsama denge kisiti

Djk _zzkl =0, vk
j I
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Ugiincii agama talep denge kisitt
zzkl 2d, v,
K

B0 ={01} V) Xy Yy . Zg20 VY,

ijt 17
olmak lizere,

(1) nolu esitlikte;

Xit ’inci tedarik¢iden j’inci fabrikaya
gonderilen t’inci bilesenin miktart.

Y : j’inci fabrikadan k’mci dagitim merkezine
gonderilen nihai {irlin miktari.

Z,, : k’mc1 dagitim merkezinden I’inci miisteriye
gonderilen miktar.

C

bilesenin birim tedarik maliyeti (para birimi/
bilesen).

j - 1’inci tedarikgiden j’inci fabrikaya t’inci

Cj @ Jj’inci fabrikadan k’mc1 dagitim merkezine
tagima birim maliyeti (para birimi/iiriin).

C, : kK’mc1 dagitim merkezinden I’inci miisteriye
tagima birim maliyeti (para birimi/iiriin).

@,  Bir birim nihai iiriin i¢indeki t’inci bilesenin
kullanim miktar1 (bilesen/iiriin).

@; :j’inci fabrikanin sabit isletme maliyeti.

{1 j.fabrikada Gretim gerceklestirilirse
o diger durumlarda

0, . kK’mc1 dagitim merkezinin sabit isletme
maliyeti

A .{1 K'inc1 dagitim merkezi agilirsa

1o diger durumlarda

D: Acilacak toplam dagitim merkezinin st sinir1.
P : Agilabilecek toplam fabrika sayisinin iist sinirt.
a, : 1’inci tedarik¢inin t’inci bilesen kapasitesi.

b; : j’inci fabrikamn kapasitesi.

C, : k’inc1 dagitim merkezinin kapasitesi.

d, : D’inci tiiketicinin talebi

seklinde tammlanmustir. Isletmenin iirettigi nihai
tiriin ii¢ bilesenden olugmaktadir. Birinci bilesen ti¢
tane, ikinci bilesen iki tane ve son bilesende bir
tane kullanilarak nihai triin olusturulmaktadir.
Isletmenin olusturdugu tedarik zincir yontemine
dayali tiretim dagitim plan1 i¢in gerekli olan veriler
Ekler bolimiindeki cizelgelerde tanimlanmustir.
Tanimlanan bu verilere gore (1) nolu esitlikte
kapali notasyon ile verilen modelin acik hali
asagida sunulmustur.

Amag Fonksiyonu

Min [( 4X111+5X112+ 3X113+ 5X114+6X115
+ 6X121 +5X122 +7X123+2X124+4X125
+ 3X131+4X132+6X133+5X134 +5X135)
+(3X211+2X 212 +4X 213+6X 214 +2X 215
+5X221+4X 222 + 4X 223+5X 224 +3X 225
+5X 231+4X 232+ 3X 233+ 4X 234 + 4 X 235)
+ (7X311+8X312+6X 313+ 2X 314+ 2X315
+6X321 + 4X322+2X323+3X324+4X325
+3X331+4X332+5X333+7X334+6X335)]
+[(5Y11+4Y12+6Y13+5Y14+3Y15)+ (8Y 21
+2Y22+3Y 23+ 7Y 24+8Y 25) + (3Y 31+ 5Y 32
+2Y33+4Y 34 +5Y35) + (4Y 41+ 7Y 42+ 7Y 43
+3Y 44+ 6Y 45) + (6Y 51+ 3Y 52 + 5Y 53+ 8Y 54
+4Y55) |+ [(7211+ 5212+ 4Z213+7Z14 + 4215)
+(8221+7222+9223+3224+5225)+(2Z31
+4232+3233+8234+7235)+(3241+8242
+5Z43+2Z 44 + 27 45) |+[ (234021 + 950272

+2015033 + 139524 + 88025)] + [(1135A1
+ 945A2+ 1680A3 + 1745A4 +1400A5)]

Alphanumeric Journal

The Journal of Operations Research, Statistics, Econometrics and Management Information Systems

ISSN 2148-2225
httt://www.alphanumericjournal.com/



22 Murat ATAN, Sibel ATAN, Senol ALTAN | Alphanumeric Journal, 3(1) (2015) 015-024

Kisitlayic1 Kosullar
X111 + X121 + X131 < 1100

X112 + X122 + X132 < 820
X113 + X123 + X133 < 1640
X211 + X221 + X231 < 1420
X212 + X222 + X232 < 795
X213 + X223 + X233 < 1950
X311 + X321 + X331 < 900

X312 + X322 + X332 < 620
X313 + X323 + X333 < 1220

Y11 + Y12 + Y13 + Y14 + Y15 — 52001 < O
Y21 + Y22 + Y23 + Y24 + Y25 — 5801 <
Y31+ Y32 + Y33 + Y34 + Y35 — 4701
Y41 + Y42 + Y43 + Y44 + Y45 — 380001
Y51 + Y52 + Y53 + Y54 + Y55 — 49001
1 +02 +J3 +D4 +05 < 4

Z11 + Z12 + Z13 + Z14 — 600A1 < O

0
0
0
0

IN N A

221 + 7222 + 7223 + 724 - 620A2 < O
Z31 + 7232 + Z33 + Z34 — 420A3 < 0
Z41 + 742 + 743 + Z44 — 430A4 < 0
Z51 + 752 + Z53 + Z54 — 580A5 < 0

Al + A2 + A3+ A4 + A5 < 4

X111 + X211 + X311 — 3(Y1l + Y12 + Y13
+Y14 +Y15)=0
X121 + X221 + X321 — 3(Y21 + Y22 + Y23
+Y24 +Y25) =0
X131 + X231 + X331 — 3(Y31 + Y32 + Y33

+Y34 +Y35) =0
X112 + X212 + X312 — 2(Y11 + Y12 + Y13
+Y14 + Y15) = 0

X122 + X222 + X322 — 2(Y21 + Y22 + Y23
+Y24 +Y25) =0

X132 + X232 + X332 — 2(Y31 + Y32 + Y33
+Y34 +Y35) =0
X113 + X213 + X313 — 1(Y11 + Y12 + Y13
+Y14 +Y15) =0
X123 + X223 + X323 — 1(Y21 + Y22 + Y23
+Y24 +Y25) =0
X133 + X233 + X333 — (Y31 + Y32 + Y33
+Y34 +Y35) =0

Y11 +Y21 + Y31 + Y41 + Y51 — (Z11 + Z12
+2Z13 + 714 + 715) = 0O

Y12 + Y22 + Y32 + Y42 + Y52 — (221 + 222
+223 + 7224 +225) = 0

Y13 + Y23 + Y33 + Y43 + Y53 — (Z31 + 232
+233 + 234 + 735 =0

Y14 + Y24 + Y34 + Y44 + Y54 — (Z41 + 742
+2Z43 + Z44 + Z245) = 0

Y15 + Y25 + Y35 + Y45 + Y55— (Z51 + Z52
+ 253 + Z54 + Z55) = 0

Z11 + Z21 + Z31 + Z41 < 550
Z12 + Z22 + Z32 + Z42 < 410
Z13 + 7223 + Z33 + Z43 < 480
Z14 + Z24 + Z34 + Z44 < 320

D, A= 01,V Xios Yier Za > OVEY, |y,

ijt?
3.4. Arastirma Modelinin Coziimii

Bir dnceki boliimde kapali ve agik notasyonla
ifade edilen tedarik zincir yonetiminde iiretim —
dagitim plan1 matematiksel modeli Win QSB v.2.0
paket programu kullanilarak ¢éziimlenmistir.
Co6ziim sonuglar1 Tablo 1’de verilmistir.
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Tablo 1. Win QSB v.2.0 ile Coziim Sonuglart

= = = =]

i) 5 ] 5 ] 5 ] 5

& E‘) & E‘) & gf’ & gf’

| | | a8
X113 1640 X313 990 Y31 100 22 1
X131 1920 X322 | 460 Y33 340 03 1
X132 820 X323 230 712 120 Al 1
X211 1092 X331 900 Z13 480 A2 1
X222 728 X332 160 724 470 A3 1
X213 1010 Y11 500 Z31 550 A5 1
X221 690 Y12 240 Z32 290
X232 900 Y15 290 745 290 Amag 147160
X233 940 Y22 230 4] 1

Tablo 1°deki ¢6ziim sonuglaria gore; Birinci
asamada bilesenlerin hangi tedarik¢iden hangi
fabrikaya ne miktarda temin edilmesi gerektigi
belirlenmistir. Ornegin; birinci tedarikciden birinci
fabrikaya tiglincii bilesenden gonderilmesi gereken
miktar 1640 birim olarak hesaplanmigtir. (X113 =
1640). ikinci asamaya iliskin ise hangi fabrikadan
hangi dagitim merkezine ne kadar nihai {iriin
gonderilmesi gerektigi belirlenmektedir.

Ormnegin; Birinci fabrikadan birinci dagitim
merkezine gonderilmesi gereken nihai {iriin miktari
500 birimdir (Y11 = 500). Uciincii asamada ise,
dagitim merkezlerinden miisterilere gonderilen
miktar tespit edilmistir. Ornegin; birinci dagitim
merkezinden ikinci miisteriye gonderilen miktar
120 birim olarak hesaplanmigtir (Z12=120).
Ayrica, hangi  fabrikalarin  ve  dagitim
merkezlerinin agilmasi gerektigi belirlenmektedir.
Ornegin; 1, 2 ve 3iincii fabrikalar acik (@1=1;
@2=1; @3=1), 4 ve 5°ci fabrikalar kapahdir (@4 =
0 ve @5=0). Dagitim merkezlerinden ise; 1, 2, 3 ve
5 acik, 4 kapalidir (A1=1; A2=1; A3=1; A4 =0; AS
=1).

4. Sonuc ve Tartisma

Ozellikle modern isletmeler hizli biiyiiyen ve
artan rekabet kosullart altinda miisterilerinin ve
tedarikgilerin beklentilerine ve isteklerine en kisa
stirede ve en iyi sekilde cevap vermesi zorunludur.
Bu nedenle isletmelerin tedarik zincir yonetimini
etkin sekilde kullanmasi gereklidir. Yoneticiler
isletmelerin planlama, kontrol ve tasarim gibi pek
¢ok stratejik fonksiyonu igeren tedarik zincir

yonetiminin ~ degerini  daha iyi

basarmuglardir.

anlamay1

Bu ¢aligmada, rekabet¢iligin 6n planda oldugu
piyasalarda faaliyetini siirdiiren isletmelerin bir
yonetim aract olarak kullanilan tedarik zincir
yonetiminde iiretim dagittm probleminin etkinlik
planlamas1 igin alternatif bir matematiksel
modelleme problemi ele alinmigtir. Konuya iligkin
kavramsal c¢er¢eve kisaca anlatildiktan sonra,
Onerilen matematiksel programlama tabanl iiretim
dagittm modeli anlatilmistir. Onerilen alternatif
modelde; tireticiler (fabrikalar), dagitim merkezleri
(depolar), tedarikgiler ve miisteri gruplarinmin bir
araya gelmesi ile olusan ¢ok asamali tedarik zinciri
icin tretim dagitim probleminin ihtiyaglarini da
g6z Oniine alan bir matematiksel model
gerceklestirilmeye caligilmigtir.  Sonrasinda  ise
gelistirilen model sayisal olarak hipotetik bir
sekilde {iretilmis olan veriler kullanilarak
¢oziimlenmis ve sonuglar yorumlanmustir.

Gelistirilen model Onerisi deterministik (statik)
bir modeldir. Giinimiizde isletmelerin ihtiyaglari
daha dinamik yapilar igermektedir. Bu nedenle
model dinamik dogrusal programlama yapisiyla
gelistirilebilir. Ayrica yine iireticiler (fabrikalar),
dagitim merkezleri (depolar), tedarik¢iler ve
miisteri gruplarininin ihtiyag yapilar1 kararlt
olmayabilir. Yani bulanik yapilar igerebilir. Bu
durumda ise bulanik dogrusal programlama yapisi
kullanilarak ¢oziimler tiretilebilir.
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Ekler

Tablo 2. Tedarikgilerden Fabrikalara Birim Tagima Maliyetleri

Tablo 5. Fabrikalarin Uretim Kapasiteleri ve Sabit Maliyetler

Dagitim . Sabit
Merfezleri Kapasite Maliyeler
DM1 600 1135
DM2 620 945
DM3 420 1680
DM4 430 1745
DM5 580 1400
Tablo 6. Dagitim Merkezlerinin Dagitim Kapasiteleri ve Sabit
Maliyetler
Miigsteriler Toplam Talep
M1 550
M2 410
M3 480
M4 320

Tablo 7. Miisteri Nihai Uriin Talepleri

o . Fabrikalar
Tedarikgiler | Bilegen FITE2 1 F3 | F4 | F5
1 4 5 3 5 6
A 2 6 5 7 2 4
3 3 4 6 5 5
1 3 2 4 6 2
B 2 5 4 4 5 3
3 5 4 3 4
1 7 8 6 2 2
C 2 6 4 2 3 4
3 3 4 5 7 6

Tablo 3. Fabrikalardan Dagitim Merkezlerine Birim Tagima

Fabrikalar Kapasite Sabit Maliyeler
F1 520 2340
F2 580 950
F3 470 2015
F4 380 1395
F5 490 880

Tablo 8. Tedarikgilerin Bilesen Temelli Kapasiteleri

. Bilesenler
Tedarikgiler 1 > 3
A 1100 820 1640
B 1420 795 1950
C 900 620 1220

Maliyetleri
- Dagitim Merkezleri
Fabrikalar -0 T 5vis | b4 | DS
F1 5 4 6 5 3
F2 8 2 3 7 8
F3 3 5 2 4 5
F4 4 7 7 3 6
F5 6 3 5 8 4
Tablo 4. Dagitim Merkezlerinden Miisterilere Birim Tagima
Maliyetleri
Dagitim Miigteriler
Merkezleri | M1 | M2 | M3 | M4 | M5
DM1 7 5 4 7 4
DM2 8 7 9 3 5
DM3 2 4 3 8 7
DM4 3 8 5 2 2
DM5 9 5 7 4 9
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Abstract

In product development, the foremost issue is to identify "what" the customers’ expectations would be from the product. As
a promising approach to the product development, Quality Function Deployment also gives crucial importance to the
collection and analysis of VVoice of the Customer (VoC) to deduce true customer needs. Data sources of VVoC include surveys,
interviews, focus groups, gemba visits as well as customer reviews which can be collected through call centers, internet
homepages, blogs, and microblogs in social networks. Customers’ verbatim or reviews obtained from these resources require
more detailed extraction to define them as the positive restatement of problems, opportunities or image issues independent
of the product or the solution. Basically, this clarification process is a content analysis in which the developers usually seek
to extract and classify the spoken-unspoken customer needs from VoC. This labor-intensive manual approach brings
subjectivity to the analysis and can take so much time in the case of having condensed and large-volume text data. During
the past decade, the field of text mining has enabled to solve these kinds of problems efficiently by unlocking hidden
information and developing new knowledge; exploring new horizons; and improving the research process and quality. This
paper utilizes a particular algorithm of text clustering, a recently popular field of interest in text mining, to analyze VoC and
shows how text mining can also support the clarification process for better extraction of “true” customer needs. Practical
implications are presented through analysis of online customer reviews for a product.
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MUSTERI SESININ AYRISTIRILMASINI DESTEKLEYEN
BIR SUREC OLARAK METIN MADENCILIGIi

Ozet

Uriin gelistirmede en basta gelen konu, miisterilerin iiriinden beklentilerinin ne olacagim belirlemektir. Uriin gelistirme icin
gelecek vaadeden bir yaklasim olarak, Kalite Fonksiyon Gogerimi de, gercek miisteri ihtiyaglarini ortaya ¢ikarmak igin
Miisteri Sesinin toplanmasina ve analizine olduk¢a 6nem vermektedir. Miisteri Sesinin veri kaynaklarini anketler,
miilakatlar, odak gruplari, gemba ziyaretlerinin yani sira ¢cagri merkezlerinden, internet sayfalarindan, web giinliiklerinden
(blog) ve sosyal aglardaki mikro web giinliiklerinden toplanabilen miisteri yorumlari olugturmaktadir. Bu kaynaklardan elde
edilen miisteri ifadeleri veya yorumlarinin, {irlin ya da ¢dziimden bagimsiz problem, firsat veya imaja yonelik konular
bazinda yeniden olumlu ifadeler seklinde tanimlamak icin daha detayli ayristirilmasi gerekmektedir. Temel olarak, bu
ayristirma siireci, gelistiricilerin genellikle miisteri sesinden dile getirilen ve getirilmeyen miisteri ihtiyaglarini ¢ikarmaya
ve smiflandirmaya ¢alistiklar bir igerik analizidir. Bu emek-yogun manuel yaklasim, analize 6znellik getirmekte ve yogun
ve biiyiik hacimde metin verilerin varlig1 durumunda ¢ok fazla zaman alabilmektedir. Son on yilda, metin madenciligi alani
gizli bilgileri agiga ¢ikararak ve yeni bilgi gelistirerek, yeni ufuklar kesfederek, arastirma siirecini ve kalitesini iyilestirerek
bu tiir problemlerin etkin bir sekilde ¢dzlimiine olanak saglamaktadir. Bu ¢aligma, miisteri sesini analiz etmek i¢in, metin
madenciliginin son yillarda popiiler ilgi alani haline gelen metin siniflandirmaya yonelik 6zel bir algoritma kullanmakta ve
“ger¢ek” miisteri ihtiyaglarini daha dogru bir sekilde belirlemek i¢in metin madenciliginin ayristirma siirecini nasil
destekleyebilecegini gostermektedir. Uygulama agisindan etkileri, bir iiriine ilisgkin online miisteri yorumlarinin analiziyle
sunulmaktadir.

Anahtar Kelimeler : Miisteri Sesi, Metin Madenciligi, Metin Smiflandurma, Kalite Fonksiyon Gogerimi (KFG).

Jel Kodu : C88, C380, C550, M110, M150, M310

volume of customer verbatim can be collected within

1. INTRODUCTION

In product development, the foremost issue is to
identify "what" the customers’ expectations would be
from the product. As a promising approach to the
product development, Quality Function Deployment
(QFD) also gives crucial importance to the collection
and analysis of Voice of the Customer (VoC) to
deduce true customer needs.

In the first steps of QFD methodology, a
development team tries to segment customers and
communicate with them to gather their verbatim
through gemba visits, surveys, interviews, focus
groups and other tools. In many situations the team
can only reach a small group of these customer
segments because of time and place limitations.
However, today’s technology provides many
opportunities to customers to share their thoughts and
experiences, i.e. customer reviews, about products
through consumer web blogs, social networks and
even review sections in product web sites. A large

these platforms in free-text or structured forms. These
customer reviews are not only as valuable as the data
obtained by interviews and observations but also
enable developers to apply advanced data analysis
methods to mine hidden patterns in customer wants
and needs.

As customers’ verbatim or reviews may not
directly refer to their needs, they require more detailed
extraction to define them as the positive restatement
of problems, opportunities or image issues
independent of the product or the solution. Basically,
this clarification process is a content analysis in which
developers usually seek to extract and classify the
spoken and unspoken customer needs from VoC
based on their judgments in the current QFD
practices. However, this labor-intensive manual
approach brings subjectivity to the analysis and can
take so much time in the case of having condensed and
large-volume text data. Besides, it can create a big
burden for the developer since the results may include
inconsistencies and are prone to failures.
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During the past decade, the field of text mining, an
interdisciplinary field that draws on information
retrieval, data mining, machine learning, statistics,
and computational linguistics, has enabled to solve
such  problems efficiently by unlocking hidden
information, developing new knowledge, exploring
new horizons, and improving the research process and
quality. In this context, text mining refers to the
process of deriving high-quality information from
text.

Text contains a huge amount of information of any
imaginable type and has a major direction and
tremendous opportunity for making an inference from
customers for better decision making and developing
processes. Compared with the kind of data stored in
databases, text is unstructured, amorphous, and
contains information at many different levels (Witten,
2004). Handling the high volume of free text
manually is only feasible by sampling. With the help
of algorithms for text mining such as clustering and
key term extraction, free-form customer reviews can
be processed efficiently and filtered to essential
phrases and frequent patterns of content (Gamon et
al., 2005).

There are few studies on text mining for handling
online customer reviews or verbatim in the context of
QFD. Zhao et al. (2005) proposed a visual data mining
framework for fast identification of actionable
knowledge. By inspiring from the House of Quality
(HoQ) which is one of the main elements of QFD,
they provided an Opportunity Map which allows the
user to focus on classes (i.e. customer requirements)
and the values of a particular attribute (i.e. technical
or product specification). The relationships between
classes and attributes were expressed in various
forms, e.g., rules, distributions of data with regard to
certain attributes and classes, etc. Zhao et al. (2005)
mainly mined actionable rules (opportunities for
solving problems) using a class association rule
miner. Coussement and Van den Poel (2008)
developed a DSS for churn prediction integrating
free-formatted, textual information from customer
emails with information derived from the marketing
database. The emails were preprocessed as a freeform
text data to obtain term-document matrix, and the
matrix was reduced using semantic and syntactic text

mining operations (i.e. latent semantic indexing) to
decrease the number of variables for the further
analysis. The reduced data set was integrated into the
marketing database to apply logistic regression for
churn analysis. Therefore the importance of a well
considered email handling strategy was highlighted
and unstructured call center emails were converted
into a more structured form suitable for better
identifying customers most prone to switch. Zhang et
al. (2010) proposed an Apriori-based data mining
approach to extract knowledge from historical data for
aiding the designers on the HoQ analysis. The
approach they used mainly focused on mining
potential useful association rules (including positive
and negative rules) that reflect the relationships
according to three objectives: support, confidence,
and interestingness. However, these studies give no
special attention to understand “true” customer needs.

Park and Lee (2011) presented a framework for
extracting customer opinions from websites and
transforming them into product specification data.
They collected customer opinions from an online
customer center and then transformed into customer
needs using text-mining (i.e. using keyword
frequencies about customer complaints and
comments). Customers were then segmented into
several groups by using k-means clustering algorithm.
The relations among customer needs were visualized
by co-word analysis and product specifications to
meet those needs analyzed by decision tree. Lastly, a
final target product specification for new products
were determined and a target market was identified
based on customer profile data. The study suggested
this framework to incorporate customer opinions
efficiently with new product development processes,
and defined customer needs as product-dependent
functional requirements or directly products
themselves. However, any statement about the
product (i.e. functional or technical requirement) is
not a customer need. Functional requirements tell
what the product must be or do whereas customer
needs are just benefits that tell why things are
important to the customers (QFDI, 2013). Customer
needs generally lie behind any verbatim or reviews
obtained from them. By counting the keyword
frequencies only, the true customer needs may not be
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extracted from the raw customer complaints, reviews
or comments. Their methodology has lack of a
component for the customer verbatim clarification
process.

Moving from these facts, this paper uses text
clustering as a recently popular field of interest in text
mining to analyze VoC and shows how this technique
can also support the clarification process to extract
“true” customer needs from online customer reviews
for a product. The paper aims at adding a new
approach to the current techniques of QFD
methodology and supporting the use of this approach
in practice.

The organization of the rest of this paper is as
follows. Among other text analytics tasks, Section 2
describes the use of text mining and gives brief
information about text clustering. This section gives
the details about text clustering process with a special
distance-based partitioning algorithm. Section 3 and
Section 4 present a case study and its findings on
exemplifying text clustering analysis in order to
clarify the VoC obtained from online customer
reviews and determine the true needs for a particular
product. Section 5 presents concluding remarks and
suggests future work for the similar research studies.

2. Text Mining

Feldman and Dagan (1995) can be considered as
the first study that describes text mining in the context
of knowledge discovery and defines it as “knowledge
discovery from text” indicating a machine supported
analysis of text from information retrieval,
information extraction as well as natural language
processing integrated with data mining, machine
learning and statistics. Text mining concept is handled
in different research areas with different perspectives,
i.e., information extraction, text data mining,
knowledge discovery process (Hotto et al., 2005).

Text mining process simply starts with a collection
of documents, then these documents are retrieved and
preprocessed by checking format and character sets
through a data mining platform including text
processing components. When the text data is ready
for analysis, a particular method is set or a model is
developed to run related algorithms to extract

information or to discover a pattern (Gupta and Lehal,
2009).

Traditional text mining applications mostly focus
on information access where significant links are
searched for finding the right information with the
right users at the right time with less emphasis on
processing or transformation of text information
(Kroeze et al., 2004). .However, the recent text
mining applications can be regarded as going beyond
information access to further help users analyze
information and facilitate decision making.

There are also many applications of text mining
where the primary goal is to analyze and discover any
interesting patterns in unstructured text data. Such
unstructured data can be analyzed at different levels
of  representation schemes. The  simplest
representations are bag-of-words and string of words.
Text data can also be represented at the level of named
entities including people, locations, and organizations
to obtain more significant patterns than string of
words. Improving text mining algorithms and
discovering new patterns also rely on the
developments in natural language processing, e.g.,
information extraction in order to process semantic
representations (Mooney and Bunescu, 2005;
Aggarwal and Zhai, 2012).

Text mining algorithms have been developed to
meet the needs for processing text data collected
through many platforms such as social network, web,
and other information-centric applications. Research
in text mining has an increasing trend with the help of
today’s advanced hardware and  software
opportunities. For instance, text mining techniques
can be used on large data sets retrieved from the
customer reviews to make customer groups or to
analyze word intensities to extract some information
about their feelings, even customer needs and other
categories of items such as problems, solutions and
design specifications.

Typical text mining tasks include text
categorization, text clustering, concept/entity
extraction, production of granular taxonomies,

sentiment analysis, document summarization, and
learning relations between named entities (Han et al.,
2012). Main topics under the title “text mining” are:

. Text classification and clustering,
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. Information retrieval,
. Information extraction,
. Opinion mining and summarization.

In order to facilitate the clarification of VoC, this
paper specifically demonstrates text clustering on the
data set retrieved from customer reviews consisting of
high volume of free text.

2.1. Text Clustering

Clustering text data has recently become a popular
field of interest in data mining. Applications in this
area can be categorized as customer segmentation,
classification, collaborative filtering, visualization,
document organization, and indexing, and so forth.
Each of these applications may have different
representations of text data (e.g., bag of words,
strings) and requires different model designs with
different algorithms. Among text clustering
algorithms, there is a wide variety of different types
such as agglomerative (hierarchical) clustering
algorithms, partitioning algorithms, and standard
parametric modeling based methods. These clustering
algorithms  have  different advantages and
disadvantages when compared in terms of
effectiveness and efficiency (Zhao and Karypis,
2004). If hierarchical techniques are used, then nested
sequence of partitions are obtained, with a single
cluster at the top and unique clusters of individual
points at the bottom. Each node in the intermediate
level can be considered as merging at least two
clusters from the next lower level or splitting a cluster
from the next higher level. The result of a hierarchical
clustering algorithm can be graphically presented with
a dendogram. In contrast to hierarchical techniques,
partitional clustering techniques create partitions of
data points at just one level. If K is the desired number
of clusters, then partitional approaches typically find
all k clusters at once around centroid points.
(Steinbach et al., 2000)

The purpose of the study is finding clusters for user
reviews collected around particular words then
finding needs of different customer groups rather than
finding hierarchy of the words or customers. This
necessity and the quadratic time complexity are the
underlying cause of selecting one of the partitional

clustering techniques in the study. The next section
explains the details of partitional clustering
techniques used in text clustering.

2.2. Partitional Clustering Tecniques

Partitioning algorithms are especially used in order
to obtain clusters of objects. For text clustering, the
two most widely used partitioning algorithms are k-
medoids and k-means clustering algorithms based on
distances between documents (Aggarwal and Zhai,
2012).

In k-medoid clustering algorithms, a set of points
is used as medoids around which the clusters are built.
The aim of the algorithm is to determine an optimal
set of representative documents from the original
document collection around which the clusters are
constructed. Finally, each document is assigned to its
closest representative from the document collection.
K-medoid algorithms are relatively slow because of
the number of iterations they compute and they may
not produce satisfactory results when there are not
many common words in large document set
(Aggarwal and Zhai, 2012).

The k-means clustering algorithm also uses a set of
k representatives around which the clusters are
constructed. However, these representatives are not
necessarily obtained from the original data and are
refined somewhat differently than a k-medoids
approach. The simplest form of the k-means approach
is to start off with a set of k key items from the original
document collection, and assign documents to these
items on the basis of closest similarity. The centroid
of the assigned points to each seed is used to replace
the seed in the last iteration. In the next phase, the new
key item is defined, if it is a better central point for
this cluster. This approach is processed until the
required convergence level is achieved. One of the
advantages of the k-means method over the k-
medoids method is that it requires an extremely small
number of iterations in order to converge (Cutting, et
al., 1992). Because of this advantage, k-means
clustering method is preferred in the application of
this paper.

K-means algorithm is applied through the
following steps (Kwale, 2013):
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1. Apply text preprocessing (tokenization,
filtering stopwords, transform cases, stemming,
n-grams, converting text to numeric data, etc.)

2. Choose the number of clusters, k

3. Randomly generate k clusters and determine the
cluster centers (centroids), where a cluster’s
centroid is the mean of all points in the cluster.

4. Repeat the following until no object moves (i.e.
no object changes its cluster)

4.1. Determine the distance of each object to all
centroids. (Cosine similarity is used in the study
to calculate distances)

4.2. Assign each point to the nearest centroid.

4.3. Re-compute the new cluster centroids.

K-means clustering is an unsupervised learning
technique that can be used to understand the
underlying structure in a dataset. When used with text
data, k-means clustering can provide a great way to
organize bag of words used by customers to describe
their visits. Once it is clear what the customers are
trying to do, then it is not only possible to transform
these experiences to match the needs, but also to
adjust reporting/dashboards to monitor the various
customer groups (Harvard TagTeam, 2013).

The most important parameter of k-means
algorithm is “the number of clusters (k)” which can
directly affect the performance of the results. The
performance of this algorithm is generally measured
by two indexes, i.e., average silhouette and Davies
Bouldin indexes. The higher the silhouette index, or
the lower the Davies Bouldin index, the better the

partitioning among the clusters (Turi and Ray, 2000;
Chandrasekhar, et al., 2011).

3. Case Study: Text Clustering on Customer
Reviews

This paper analyzes the user reviews of a particular
model of “XYZ diaper bag” obtained from a popular
website publishing user reviews for several types of
products.

On the web-site, XYZ diaper bag is described as

“...transports all the necessary features for an
efficient parenting supply source, including changing
pad, key clip and stabilizing metal feet. The mode

includes plenty of pockets inside and out for
organizing, separating and keeping things clean and in
their place. Depending on preference and situation,
the mode allows for three carrying options including
two tote straps that snap together for easy carrying and
stow away when not in use, a removable padded
shoulder strap, or stroller attachments for a no-slip
grip to your stroller handle.”

Pictures given in Figure 1 demonstrate the
functionality of this bag. The web site that publishes
reviews on the product has an effective screen design
to support customers. In addition to user reviews in
free-text form, positive and negative review
categories and ratings are also presented for each
product (Figure 2).

For analyzing the customer verbatim on XYZ
diaper bag, 232 user reviews with its titles and ratings
were downloaded in a sheet by the help of particular
software. Then text data mining process was designed
on Rapid Studio® 6.0x as follows.

Text Preprocessing

Text clustering process starts with preprocessing of
the free-form text data so that advance analysis
techniques can be used for further inferences. After
the data file was imported to Rapid Studio®, common
text-preprocessing techniques were used to clean the
data for further analysis (Figure 3). In this step, the
following operations were applied:

a. Tokenization is the process of decomposing a
complete text into words, phrases, symbols, called
tokens. The list of tokens is then used as input
data for further processing. Tokenization is
implemented based on non-letters and linguistic
sentences within the partial model presented as
Figure 3.

b. Filtering stop words is applied to clean data
from the characters or useless words, e.g.,
punctuators and prepositions.

c¢. Filtering tokens is applied to select the character
range to consider, i.e., words 2 to 25 characters.

d. Transforming cases is used to convert all words
into lowercase.
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e. Stemming is the process of cleaning the suffixes
to combine word coming from the same root, e.g.,
g0, goes, going. Porter’s stemming method is
used within the partial model presented as Figure
3.

f. Creating n-gram provides to analyze more than
one word repetition. “Generate n-grams” operator
in Figure 3 generates word repetitions up to three
words.

g. Creating term vector based on TF-IDF method
(see the equations 1 to 3). This parameter is
defined within the “process documents from data”
operator in the upper level of the model (Figure 4
and Figure 7).

h. Pruning is applied to reduce the time complexity
by eliminating words/word groups below 10%.
This parameter is defined within the “process
documents from data” operator in the upper level
of the model (Figure 4 and Figure 7).

For an effective clustering process, the word
frequencies should be normalized in terms of their
relative frequencies calculated according to the
occurrences in the document and over all documents
in the data set. In general, a common representation
used for text processing is the vector-space based TF-
IDF representation (Salton, 1983). In the TF-IDF
representation, the term frequency (TF) for each word
is normalized by the inverse document frequency
(IDF). The IDF normalization reduces the weight of
terms which occur more frequently in the collection.
This reduces the importance of common terms in the
collection, ensuring that the matching of documents
be more influenced by those of more discriminative
words which have relatively low frequencies in the
collection (Jane and Dubes, 1998).

TF-IDF is the product of two statistics: term
frequency and inverse document frequency. There are
various ways for determining the exact values of both
statistics. In the case of the term frequency tf(t,d), the
number of times that term t occurs in document d is
divided by the number of occurrences of the most
frequent word (w) within the same document
(Equation 1).

Figure 1. XYZ Diaper Bag
Source: Buzzilions (2014), “XYZ diaper bag” Review Statistics

232 reviews The Good and The Bad iew as chart [F

5 star Stylish (157 Poor quality (17)

4star Comfortable (156 Too small (13)
3 star Lats of packets and Heavy / bulky (T)
2 star features (14 Difficult to access (7)
w1 StAT Well built / quality (138 Not enough pockets (4)
» f’* Easy to use (137
S . %
. See More
-1 ]
2| Write A Review |2 Read Reviews (232) =~ FAQ  Compare Prices (1)  Description/ Specs
Displaying 1 - 10 of 232 Reviews
Show [10 | Sortby [Most Helpul @

positive negative

Cute well organized bag
by Max's momma on Haz 10, 2014

DA A A A s o [x[4]

"I selected this bag because | just thought it was “While this bag is very attractive, it is not roomy
really cute. | love the cocoa tree print, the bright enough for my taste. | am a light packer, and |
green just reminds me of summer (its like a @ thought based on the reviews and the pictures, that
margarita green) and | think the green and white it would be big enough for a newbor, and my other
"trees” on the brown background would be cute for child who is 2 (almost 3). The front pockets are

the fall as well It too bad this print is being small and flat, and the side pockets are not big
discontinued. | also like the shape of this bag, its enough for even standard bottles or sippy cups
Thers are no insulated sections or places to put
bottles/sippy c..." Read Ful Review

Not Roomy
by AmyS on Nis 15, 2010

kind of square and | think it s very unique and clean
lookin...” Read FullReview

See more positive reviews See more negative reviews

Figure 2. Customer Reviews’ Sample from the Web-page

Source: Buzzilions (2014), “XYZ diaper bag” Review
Statistics
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Figure 5. Nested Process in Parameter Optimization Block
fd) i i
tf(t,d) = (1) where N is the total number of documents in the

max{f(w,d):wed}

IDF is a measurement of how much information the
word provides, that is, whether the term is common or
rare across all documents. It is the logarithmically
scaled fraction of the documents that contain the
word, obtained by dividing the total number of
documents by the number of documents containing
the term, and then taking the logarithm of that quotient

(Equation 2).

N

wdf (t,D) = log oy ean

)

document collection, |{d € D:t € d}| is the number
of documents where the term t appears.

Thus, TF-IDF can be calculated as follows
(Equation 3):

tf —idf(t,d,D) = tf(t,d) x idf (t,D)  (3)

Text Clustering

In this paper k-means clustering algorithm, a well-
known technique among distance-based partitioning
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Figure 6. Performance Index Values with Respect to the Number of Clusters
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Figure 7. K-means Text Clustering Based on 25 Clusters

algorithms is preferred for analyzing the data set due
to the advantages explained in Section 2.2.

The most important parameter of k-means
algorithm is the number of clusters that is the value of
k. In order to find the best value for the number of
customers, parameter optimization was applied with
respect to “silhouette index”, i.e., an appropriate
performance indicator for k-means clustering, and the
best value was obtained when 25 clusters were
applied. The corresponding screens for parameter
optimization and comparison of different k values are
given in Figure 4, Figure 5 and Figure 6.

The number of clusters (k) can be measured by two
indexes, i.e., average silhouette or Davies Bouldin
indexes, as mentioned in Section 2.2. As both can
produce similar results, the silhouette index (denoted

as Index in Figure 6) is used to determine k in this
study. A higher Index value within its range indicates
the number of clusters which can partition the data set
in clearer way. Figure 6 shows an example scatter plot
produced in Rapid Studio® for the relationship
between Index and k. Index value is found between
0.032 and 0.086 based on the nature of the data used
in analysis. The highest of value of this index suggests
choosing k as 24. However, it should be pointed out
that the minor changes on the selection of pruning
percentage even may affect the value of silhouette
index. For this study, several pruning percentages are
observed in the neighborhood of 10%. In these trials,
Index values resulted in similar k values between 20
and 30. Authors chose k as the middle point of this
range and therefore, K-Means clustering algorithm is
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applied through the “clustering” operator within the
model shown in Figure 7 considering 25 clusters that
are determined based on Euclidean Distances. The
corresponding parameter tab is also presented in
Figure 8 to clarify the options selected in Rapid
Studio®.

Text clustering was applied on the data set to
visualize customer clusters in accordance with items
which potentially indicate feeling, need, or product
specifications. The output table can easily be
interpreted and integrated to the existing tools in
QFD.

@Perameters
LR A T R

&) Clustering (k-Means (fast))
add cluster atfribute
[] add as 1abel

[] remove unlabeled

k [25 l

|:| determine good start values

measure types [NumaricalMeasures 'l
numerical measure lEucIldeanD\stance 'l
max runs [10 l
max optimization steps I‘IUU l

[] use local random seed

Figure 8. Parameter Tab for K-means Clustering
4. Findings

Customer ratings published on the web site
indicate that most of the customers are generally
satisfied from the product (Figure 9).

5 star
4 star
3 star
2 star
1 star
Figure 9. Distribution of Customer Ratings

Source: Buzzilions (2014), “XYZ diaper bag” Review Statistics

On the related web site customer reviews are
published with tagged words/terms which also
provide some aggregated findings from all review
contents (Figure 10).

A word cloud is also developed using Wordle®
(2013) to highlight the most frequent words in the
source text and represented in Figure 11.

Stylish
Comfortable
Lots of pockets
Well built/ qua
Easytouse
Convenient
Poor quality
Durable

Too small
Lightweight
Heawvy / bulky
Difficult to acc
Not enough pocke
Pricey / poorva
Not durable
Fades

Figure 10. Good and Bad Tag Counts
Source: Buzzilions (2014), “XYZ diaper bag” Review Statistics

In addition to these statistics, text preprocessing
performed in the study provides a word list or bag of
words (see Appendix 1) from which frequencies of

\Dve“ s Nx&\\m - st ‘&'.‘.f:’.“ -

Figure 11. Word Cloud of the Data Set

words can be utilized for observing what kind of
expressions were highlighted over the frequencies,
e.g., impressions, problems, product specifications, or
even needs. In the word list, each word or word group
constitutes an attribute. “Total occurrences” of a word
is the attribute’s frequency value for the document set.
“Document occurrences” refer to the number of
documents that include the corresponding word or the
attribute.

Text preprocessing also generates a term vector,
where the rows indicate customers or documents, and
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the columns indicate the words/terms, i.e. attributes.
In the intersection of the rows and the columns, the
cells correspond to TF-IDF values that describe the
intensity of the term/word in the corresponding
document. Appendix 2 shows partial representation of
the term vector. The term vector is then used as a
numerical data set to perform text clustering on the
customer with respect to the particular words they
have used in the reviews. K-means clustering is
applied on the term vector to see the possible
partitions among the customers based on distances
between the term frequencies. For this purpose, k-
means clustering produces centroid tables (Appendix
3) to show the partitioning structure on the term
vector.

Clusters obtained from the text mining phase are
analyzed based on the highlighted words repeated in
each cluster. These are clarified items which are only
simplified, single-issue expressions of what the
customer says, behaves, or documents. As mentioned
in Introduction Section, customer needs are just
benefits that tell why things are important to the
customers and generally lie behind any verbatim or
reviews obtained from them. The true customer needs
cannot be extracted from the raw customer
complaints, reviews or comments only by counting
their frequencies. An analyst should go beyond the
stated ones in order to extract the true needs in turn
create differentiated products. This extraction can be

done by analysts by exploring the value for the
customer, which is vital step of any QFD work and
especially VoC clarification process. Authors try to
extract some meaningful categorizations of
expressions based on the clusters. In this regard,
customer needs, product specifications, and
impressions are extracted and rewritten with respect
to concepts provided by QFD methodology (Table 1,
Table 2, and Table 3). These results also show the
common phrases among the clusters. For instance,
some of the customers highlight the features
associated with fashion whereas others indicate its
functionality (Table 1). Beside the needs, customers
also comment on the specifications of the product, i.e.
pockets to organize materials, carrying options, and
size (Table 2). Finally, Table 3 indicates that
customers have positive feelings about the product.

Table 1. Extracted Customer Needs

Clusters Customer Needs

0.1,2,57 912,15, I can fit many things

16, 19, 21, 24
2’31’ 7,8,10,17, 21, Options to carry the bag
6,8,12,17, 21, Easy to clean

3,11, 13, 14, 16, 17 | want to keep things organized

3,4,14,19,24 | want a stylish bag

2,11, 20, Big enough to carry

8,19 Durable

8, 16 Easily hold a full size bottle

Number of Reviews

0 20 40 60 80 100 120 140

Alphanumeric Journal

The Journal of Operations Research, Statistics, Econometrics and Management Information Systems

ISSN 2148-2225
httt://www.alphanumericjournal.com/



36 Aysun KAPUCUGIL IKIZ, Giizin OZDAGOGLU | Alphanumeric Journal, 3(1) (2015) 025-040
Table 2. Highlighted Product Specifications
Number of Reviews
Clusters Product Specifications

0,3,6,8911,13,16,
17,18, 19, 20, 21, 22

Multiple purpose pockets

0,7,10,17,21 Hangings for the stroller
5,6, 14, 18,21 Changing pad

10, 21, 23 Padded shoulder strap

3,6, 16,20 Size

3,7,24 Separate compartments
9,18 Adjustable handles (straps)

Table 1. Impressions Declared in the Reviews

Number of
Clusters Impressions | Reviews
6, 16, 20 perfect 20
0,9,14,17,19, 24 great 67
0,3,710,11, 20,23 love 60
5,8,12 cute 28
21,22 nice 20

When compared with the product reviews published
on the website, it can be observed that extracted needs
and highlighted product specifications are compatible
with the tag statistics, but the web site statistics do not
indicate the true needs so that product designers can
use them in the improvement process. This
inadequacy can be removed by adopting QFD
methodology that provides designers such an
approach to understand customer needs for better
product improvements. However, analysis of a large-
scale text data through the current QFD techniques
will increase the time complexity of applications. In
this context, this paper proposes that integrating text
mining with QFD methodology over customer
reviews will create a powerful and agile decision
support to identify and categorize clarified items from
customers’ verbatim in order to discover hidden
patterns among these items for better extraction of

5. Conclusion and Future Remarks

QFD gives crucial importance to the collection and
analysis of VoC to deduce true customer needs and
suggests many analytical tools to extract the needs
from customer verbatim. Customer verbatim is
traditionally collected from various sources such as
surveys, interviews, focus groups, gemba visits. As
networking platforms arise in the past decade,
customers have the opportunity to write or declare
their reviews through call centers, internet
homepages, blogs, and microblogs in social networks.
These reviews provide more verbatim than the
traditional data collection methods and reach larger
data sizes that need advance analysis approaches like
text mining and web mining algorithms.

Text mining refers to the process of deriving high-
quality information from text. This paper discussed
text mining to identify and categorize clarified items
from customers’ verbatim in order to discover hidden
patterns among these items for better extraction of
customer needs. A case study was conducted on the
customers’ reviews of a diaper bag in order to show
how text preprocessing and clustering can help for
VoC clarification. K-means text clustering, a
commonly used clustering algorithm based on
distance-based partitioning, was applied on the

Alphanumeric Journal

The Journal of Operations Research, Statistics, Econometrics and Management Information Systems

ISSN 2148-2225
httt://www.alphanumericjournal.com/



37 Text Mining As A Supporting Process For VoC Clarification / Alphanumeric Journal, 3(1) (2015) 025-040

customer reviews in free text form, and the most
frequent group of words and customer clusters were
obtained from over 200 reviews in a few minutes.
These statistics were used to define clarified items
which therefore led to extracting customer needs,
highlighted product specifications, and customer’s
overall impressions about the product. The findings
also indicated that starting VoC analysis process
through text mining provided objective approach for
the further phases of QFD. Besides this advantage,
analysts should consider that a deviation might appear
if many fake reviews are published to increase or
decrease the popularity of the product.

Consequently, this paper discussed the use of text
mining as a supporting tool within QFD. Text mining
provided many advantages in analyzing VoC over
customer reviews. The study may be improved by
adding different text mining tools such as other
clustering approaches as well as association or
classification algorithms to further analyze the details
of customer reviews and need extraction.
Experimental analysis may also be conducted with
different parameter sets and new learning schemes
may be added to improve the extraction skills in text
analytics. This study emphasizes the idea that text
mining techniques really support and accelerate to
analyze VoC using QFD philosophy.

QFD adds a value with its knowledge base and
tailored approach to retrieve meaningful extractions
from customer reviews through text mining. In order
to extract automatically the customer needs through
text mining, it is necessary to form a dynamic corpus
specific to the product under consideration. As future
work, such a corpus may be formed in a long run
project and besides, learning algorithms may be
improved using some insights from QFD.
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chang 71 59 love 225 148 stuff 43 37
chang pad 58 53 love bag 49 47 stylish 25 24
clean 35 34 month 36 33 thing 79 59
come 33 28 nice 38 29 us 103 81
compart 29 26 old 37 29 want 34 26
cute 41 39 organ 38 37 wipe 34 32
diaper 212 127 pad 80 62
diaper bag 167 112 perfect 46 40
durabl 26 24 plenti 36 31
easi 59 53 pocket 170 110
fit 55 44 put 31 23
get 52 47 recommend 31 31
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Appendix 2. Partial Representation of the Term Vector
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Appendix 3. Centroid Table

words |clstrD |dstrl |dstr2 |clstr3 [dstrd [dstrS |clstr6 |dstr7 |clstrd |clstrd (dstri0 |clstrll |clstr12 | dstri3 [clstrld |clstrl5 | dstr6 |clstrl 7 |clstrl8| dstrl9 |clstr20 |clstr21 | dstr22 |clstr23 |clsir24
attach 0.051)|0.067|0.066(0.000| 0.050|{0.048|0.088| 0.162|0.000|0.087( 0.064| 0.000| 0.000| 0.025| 0.061) 0.000) 0.079| 0.039| 0.000( 0.000| 0.000| 0.033| 0.036| 0.052| 0.044

babi 0.070|0.031|0.373|0.174|0.022|0.062|0.049| 0.065(0.045(0.023| 0.045| 0.085| 0.039| 0.014| 0.109| 0.074| 0.000| 0.031| 0.000| 0.063| 0.125| 0.069] 0.000| 0.066 0.166|
bag 0.033|0.031|0.035|0.017|0.042| 0.040|0.037| 0.057(0.025(0.030| 0.037| 0.031| 0.035| 0.032| 0.024| 0.054| 0.030| 0.024| 0.318) 0.041| 0.036| 0.036| 0.045| 0.037| 0.034
big 0.013|0.000| 0.248| 0.000| 0.000| 0.106|0.071| 0.021(0.117(0.145( 0.031| 0.042( 0.000( 0.057| 0.041| 0.051] 0.121| 0.000| 0.000| 0.000| 0.100| 0.07v3| 0.000| 0.020| 0.000|

botil 0.039|0.000( 0.000| 0.000| 0.000| 0.000|0.120| 0.000(0.160(0.033| 0.000| 0.000( 0.000( 0.100| 0.021| 0.047| 0.418| 0.057| 0.000| 0.066| 0.000| 0.115| 0.112| 0.021| 0.037|
bought |0.000|0.000(0.033(0.000|0.582|0.000|0.145|0.162|0.000|0.129| 0.026| 0.065| 0.000| 0.037| 0.000( 0.000| 0.000| 0.000| 0.000| 0.084| 0.031| 0.023| 0.066| 0.000| 0.024

carri 0.049)|0.054(0.209|0.056| 0.030| 0.066|0.000| 0.052|0.026|0.056( 0.000| 0.134| 0.059| 0.045| 0.000| 0.067) 0.000| 0.067| 0.074( 0.047| 0.033| 0.089| 0.029| 0.209| 0.000|
chang 0.005)|0.000|0.000|0.000| 0.047|0.176|0.251|0.017|0.074|0.055| 0.018| 0.023| 0.036| 0.090| 0.251| 0.000| 0.000| 0.000| D.165( 0.028| 0.000| 0.136| 0.000( 0.023| 0.042)
chang_p

d 0.006|0.000| 0.000| 0.000| 0.000| 0.122|0.262| 0.019(0.048(0.053 0.021| 0.025( 0.039 0.040| 0.239( 0.000( 0.000| 0.000| 0.178 0.000| 0.000| 0.147| 0.000| 0.032| 0.018|
a

clean 0.000|0.029|0.000| 0.049| 0.054| 0.000|0.000| 0.106(0.000(0.012| 0.060 0.086| 0.153 0.021| 0.000 0.171| 0.038| 0.045| 0.000| 0.084| 0.032| 0.123| 0.043| 0.000| 0.075
come 0.033|0.000{0.020{0.041| 0.023| 0.111|0.050/ 0.000(0.038(0.078( 0.107| 0.036 0.000( 0.023| 0.147( 0.000| 0.000| 0.000| 0.067| 0.000| 0.087| 0.038| 0.042| 0.046| 0.000|
compart | 0.022)|0.000| 0.034|0.303| 0.040| 0.000|0.040/ 0.051(0.054(0.028 0.054| 0.000( 0.079 0.000| 0.154( 0.069 0.000| 0.054| 0.000| 0.025| 0.000| 0.011) 0.000| 0.049| 0.000|

cute 0.027|0.083| 0.063 | 0.045|0.074| 0.415|0.066| 0.029|0.178|0.009| 0.034 0.000| 0.175| 0.000| 0.023| 0.000| 0.000| 0.000| 0.000( 0.021| 0.030| 0.021 0.040| 0.022| 0.067|
diaper |0.024[0.052|0.125|0.026|0.108| 0.078[0.087| 0.201| 0.090|0.089| 0.031| 0.041| 0.115] 0.111] 0.045| 0.194] 0.065| 0.082| 0.077] 0.120[ 0.084| 0.055| 0.112| 0.109] 0.083
dizper_b| 5 019(0.063| 0.105|0.031| 0.107|0.081|0.057| 0.225|0.043(0.103| 0.025| 0.043| 0.110| 0.093| 0054| 0.234| 0.039| 0080| 0.093| 0.110| 0.063| 0.058| 0.106| 0.115| 0.087]
ag

durabl | 0.000|0.034|0.026|0.000|0.022| 0.034|0.000| 0.048|0.396|0.014| 0.081| 0.000| 0.000| 0.025| 0.000| 0.000| 0.000| 0.000| 0.000| 0.152| 0.000| 0.026| 0.051| 0.000| 0.028|
easi 0.022|0.022| 0.085|0.095|0.042| 0.068|0.000| 0.099| 0.000|0.024| 0.093 0.145| 0.158| 0.030] 0.015 0.000| 0.029) 0.395| 0.040[ 0.064| 0.025| 0.107] 0.000] 0D.012| 0.058|
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Abstract

Determinants of success of an education system can be the facilities offered during an educational process and the
qualifications obtained afterwards. However, conversion of the offered facilities into outputs efficiently in the performance
evaluation plays an important role for an educational system. On the contrary, comparison of Turkish university
performances can be generally performed according to only output based performance indicators like academician
performances and nationwide exam results of their graduates publicly. Aim of this study is to calculate the relative
efficiencies of 18 statistics departments in Turkey, which are considered as decision making units, using data envelopment
analysis. Reasons for inefficiencies of departments arise from pure technical efficiency component. Furthermore, a second
stage analysis is implemented to observe the effects of external factors called non-discretionary inputs on efficiency results.
Finally, efficiency differences between two types of departments are tested according to their education programs with a
Mann - Whiney U Test.
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TURKIYE’DEKI ISTATISTiK BOLUMLERININ GORELI
ETKINLIKLERININ VERI ZARFLAMA ANALIZI ILE
OLCULMESI

Ozet

Bir egitim sisteminin basarisindaki belirleyici faktorler: egitim siireci iginde sunulan olanaklar ve egitim siireci sonrasi elde
edilen yeterlilikler olabilmektedir. Bununla birlikte, egitim sistemlerinin performanslarinin degerlendirilmesinde sunulan
olanaklarin ¢iktilara etkin bir gekilde doniistiirilmesi 6nemli bir rol oynamaktadir. Buna kargilik olarak Tirkiye’deki
iiniversite performanslarinin karsilastirilmalar genellikle akademisyen performanslar: ve iilke genelinde yapilan ortak sinav
sonuglar1 gibi performans belirleyicileri lizerinden sadece ¢ikt1 yonlii olarak yapildigi gézlemlenmektedir. Bu ¢aligmanin
amact karar verme birimi olarak ele alman Tiirkiye’deki @iniversitelerde egitim veren 18 adet istatistik boliimiiniin goreli
etkinliklerinin veri zarflama analizi yardimi ile hesaplanmasidir. Boliimlerin toplam etkin olamamalar1 teknik
etkinsizliklerinden kaynaklandigi sonucuna ulagilmistir. Ayrica, kontrol edilemeyen girdiler olarak adlandirilan dig
etkenlerin etkinlik skorlar1 tizerindeki etkileri bir ikinci agama analizi kullanilarak arastirilmustir. Son olarak ise iki farkl
tipte egitim veren istatistik boliimlerinin etkinlik skorlari arasindaki farkin istatistiksel anlamliligi Mann-Whitney U testi ile
smanmigstir.

Anahtar Kelimeler : Veri Zarflama Analizi, Goreli Etkinlik, Ikinci Asama Analizleri, Yiiksek Egitim
Jel Kodu : C44, 121, 123

schools, financial organizations like banks and
1. INTRODUCTION insurance companies and even individuals like
sportsmen and etc (Ramanathan 2003).

Prominent advantages of DEA over parametric
approaches for efficiency measurement are the
suitability for the usage of multiple input-outputs and
the setting of the efficiency frontier according to the
best practice(s). Furthermore, DEA provides potential
targets for inefficient DMUs by identifying
benchmarks on the efficiency border to be compared
for inefficient units (Barros and Leach 2006).

To get a place in a higher education programme in
Turkey, sufficient points are required in LYS and
YGS exams which are organized by Turkish Student
Selection and Placement Centre. YGS exam is a
selection exam applied before LYS exam. Those
applicants who get a score of 180 from this exam is
given a chance to take LYS exam afterwards.
Statistics departments accept students with a specific
LYS exam score. The graduates of the statistics
departments can find jobs in both private sector and
public sector. However, there is another exam called
KPSS for those interested in working in public sector.

Importance  of  implementing  performance
measurement techniques in organizations has risen
due to today's competitive market conditions,
restricted human and physical resources. Therefore,
conversion of the limited resources into services and
products efficiently is highly significant for
organizations. In addition, implementation of
efficiency measurement enables comparison with the
other organizational performances and the past
performances of an organization. With the findings
gathered from these techniques, organizations will be
able to upgrade their own best performances and the
performance among the other organizations.

Data Envelopment Analysis (DEA) is one of the
most frequently used performance measurement
techniques in literature that can be applicable for both
profit and non-profit organizations. DEA can be
defined as an application of linear programming that
enables measurement of the relative efficiencies for
homogeneous organizational units called DMUs
(Decision Making Units). These DMUs can be
educational institutions like universities and high
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In this paper, we aim to evaluate the performances
of 18 statistics and statistics and statistics and
computer sciences departments in Turkey by using
DEA. KPSS exam results in three sectors are taken as
output measures while the ratios of bachelors and
graduate students to number of professors are taken as
input measures. In addition, some departments have
only daytime classes whereas the others have both
daytime and evening programmes. Furthermore,
quotas for statistics departments determined by the
Turkish High Education Board and LY S exam results
are selected as non-discretionary inputs. We also will
answer the questions if the non-discretionary inputs
have an effect on efficiency results and if there are
meaningful differences in efficiency results between
two groups of statistics departments.

After the foundation of the analysis, DEA literature
has been growing rapidly with a huge diversity in both
theoretical and applied studies. Popular research areas
of efficiency measurement with DEA are education,
finance, sports, energy sector and etc. A brief
literature review in all areas especially in education
will be given in the second part of the study.

The organization of the paper is as follows: in the
second section we give a brief literature review of
DEA history and related applications with the paper;
section three includes the methodology and the DEA
model chosen; we give description of the data and the
results of the application in section four; finally we
conclude the study in section five.

2. Literature Review

DEA history dates back to the work of Farrell
(Farrell 1957). After 20 years time, Charnes et. al.
introduced the term DEA and contributed the ideas of
Farrell's. For the history and the detail theoretical
background of the different DEA models, see (Cook
and Seiford 2009; Cooper et al. 2000).

Application simplicity and the other advantages of
DEA make it a popular tool for efficiency
measurement. There are various theoretical and
applied studies in operations research, management
science and several other journals. Applications of
DEA are mostly seen on fields such as in tourism
(Waber 2007), sports (Barros and Leach 2006), health

(Gok and Sezen 2011) and finance (Kumar and Gulati
2008).

Inputs and outputs used in higher education
institutions (HEIs) do not have real costs because of
the non-profit making objective. Furthermore, HEIs
convert several inputs like research funds, general
funds and student to academics ratios to outputs like
several exam scores, publications and so on.
Therefore, efficiency measurement in a multiple
input-output situation is required for HEIs. Another
advantage of DEA is the assigning of virtual costs
(weights) to input and output variables with the
solution of the DEA model. This is a great asset for
HEIs and all non-profit organizations. In short,
mentioned properties make DEA a suitable analysis
for efficiency measurement of HEIs (Johnes 2006).

We take departments as DMUs in this study as it is
rarely seen in literature. Usually, selection of
universities as DMUs in applied studies is widespread
only with the different nation cases. Johnes stated the
advantages and disadvantages of efficiency
measurement techniques in higher education context
and applied DEA to a data of 2000/2001 with more
than 100 HEIs in England (Johnes 2006). Kempkes
and Pohl analysed the efficiency of public universities
in Germany between years 1998-2003 both with the
use of stochastic frontier analysis and DEA (Kempkes
and Pohl 2010). Australian case of relative efficiency
measurement of universities was presented in the
study of Abbott and Doucouliagos’s with the aim of
decomposing the overall technical efficiency (Abbott
and Doucouliagos 2003). Selim and Bursalioglu
proposed a two-stage efficiency analysis to determine
both the efficiencies of Turkish universities at first
stage and the effects of external factors on the
efficiencies in 2006-2010 (Selim and Bursalioglu
2013) Kagnicioglu and Ican calculated the relative
efficiencies of Turkish Universities in 2007 by taking
academic stuff numbers as inputs, types of academic
publishing and graduate student numbers as outputs
(Kagnicioglu and Ican 2011) . After efficiency
analysis, also called second stage analysis, have been
used to determine external factors effect on efficiency
scores. McDonald mentioned these analyses detailed
in his study and made a comparison of them
(McDonald 2009). We also proposed a Two Limited
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Tobit Regression as a second stage analysis in our
case to find the factors that may affect the efficiency
scores of departments.

3. Methodology

DEA models vary according to both efficient
border assumptions called returns to scale
assumptions and the selection of input or output
orientation. The first DEA model (CCR model) is
named after the founders of the model Charnes,
Cooper and Rhodes (Charnes et al.1978). CCR model
is based on the constant returns to scale assumption
(CRS). The second DEA model called BCC model
invented by Banker, Charnes and Cooper (Banker, et
al. 1984) is based on variable returns to scale (VRS)
assumption. Only difference is a convexity constraint
added into the CCR model.

In input oriented models, proportional reduction in
inputs investigated when outputs remain fixed. In
output oriented models, the proportional expansion in
outputs is investigated under the fixed inputs.
Efficiency scores differ according to input or output
orientation in BCC model only (Johnes 2006).

It is common in literature to decompose the overall
technical efficiency into two mutually exclusive and
non-additive components. These components are pure
technical efficiency and scale efficiency. Overall
technical efficiency results can be calculated through
the solution of CCR-DEA model. Pure technical
efficiency results can be calculated through the
solution of BCC-DEA model.

Pure technical efficiency is an efficiency type
without including scale efficiency and purely reflects
the managerial performance. Scale efficiency
expresses if an organization performs in the most
productive scale or not. It is the ratio of overall
technical efficiency to pure technical efficiency. The
term returns to scale arises is related to efficiency
border setting. It explains the behaviour of the rate of
change in the output to the subsequent change in the
inputs in the long run. If an output increases as the
same proportion in the increase in inputs, there are
constant returns to scale (CRS). If not variable returns
to scale (VRS) prevails (Bogetoft and Otto 2011,
Kumar and Gulati 2008). Efficiency borders can be

demonstrated in Figure 1 under different returns to
scale assumptions.

_——Fms

0 10 20 30 40 50 60 70

X

Figure 1. Different Return to Scales of Hypothetical Data
3.1. Data Envelopment Analysis

DEA models use the data (inputs-outputs) itself to
calculate the relative efficiencies of DMUSs. They can
be simply shown as fractional programming models
however they are convertible to linear programming
models for practicality in calculations. Consider a
production possibility set consist of n(j=12,..,n)
DMUs which produces s (r =1,2,...,S) outputs using
m (i=12,..,m) inputs. Then the productivity ratio
for the j.th DMU e, can be described as follows:

Z ur yrj
DX,

€, =

@

The numerator of the equation (3.1) is called the
sum of virtual outputs whereas the denominator is
called the sum of virtual inputs. This ratio is also
known as benefit/cost ratio. Charnes et. al. proposed
the calculation of weights from the solution of
fractional programming model in the situation of
unknown weights (prices) for inputs (v, ) and outputs
(u, ) in equation (1) (Cook and Seiford 2009).

The input oriented fractional CCR model is as
follows:
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Zuryro
e = max <

° Zvi Xio

@
s.t.

u,,v; = ¢ for vj

In model (2), v,, is the r.th output of the DMU,and
X, is the i.th input of the DMU,. Model (2) should be
solved “n” times for each DMU. Solution of model (2)
gives us the overall technical efficiency scores.
However, it can be decomposed into pure technical
efficiency and scale efficiency with the help of BCC
input oriented model results. With the change of
variables, model (2) can be converted in a linear
programming model. Finally, by duality the
equivalent model of linear programming model (2)
can be formed as in model (3).

e, :minHO—g(ZSr*+Zsi‘j ©))

s.t.

DA% 48 =6,%,i=12,..,m
j

DAY +S =Y, F=12,..,8
j

.o
2,875

20,6, unconstrained Vr,i, j

Model (3) is called the envelopment model in
literature. Solution of model (3) enables us to
determine reference sets and also weights (A;’s)
assigned to the peers for inefficient DMUs. Therefore,
improvements for inefficient DMUs to be efficient
can be calculated. Here, 6, is the shrinkage
coefficient that shows the amount of reduction can be
done radially in DMUy’s inputs. Model is efficient for
only if the 8, =0and all the slack variables are equal
to zero.

Input oriented BCC envelopment model is as
follows:

e, :min@o—g(ZSr*JrZsij 4)
s.t.

D A% +s =0,%, i=12,.,m
i

Z/Ij yrj +Sr+ = yro r 21'2""’8
j

S -1
j=1

Ai,8." s =0,0, unrestricted Vr,i, j

jror i

The 3rd constraint of the model (4) is the convexity
constraint. Addition of this constraint makes a change
in the efficiency border from a straight line to a
piecewise combination of several straight lines. We
choose to solve both BCC and CCR input models to
decompose the overall technical efficiency and to
show the sources of inefficiencies.

3.2. Tobit Regression

After the calculation of efficiency scores
with the help of DEA at first stage, researchers may
have an interest on external factors affecting these
scores. For this purpose, Ordinary Least Squares
(OLS) Regression and Tobit Regression are used as a
second stage analysis. A regression model will be fit
to set the relationships between efficiency results and
non-discretionary values.

Efficiency values must be between 0 and 1 closed
interval. Values on the lower boundary of 1 are mostly
seen whereas the values in the upper boundary O are
rare. Classical OLS regression does not take into
account this setting. It is not known that the fitted
values of the regression model will be in the efficiency
interval. Two Limited Tobit Regression can be used
to eliminate this problem (Bogetoft and Otto 2011).

The underlying regression is:

0, Ifaz+e<0
E=qaz+¢, If O<az+e<1
1, If az+e>1

®)
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The aim of this model is to estimate “o”coefficients
taking efficiency values as a stochastic dependent
variable explained by non-discretionary independent
variables. The fitted values above one will be assigned
to one and the fitted values below zero will be
assigned to zero. In the end, the fitted values will be
censored according to the efficiency setting.

4. Application

Input and output data for year 2012 were collected
from different sources because the departmental
selection is a specific one. Input variables (non-
discretionary inputs also included) are taken from the
study of Celikoglu and Siiner about Turkish Statistics
Departments (Celikoglu and Siiner 2013). Output
variables including KPSS exam results on different
subjects are taken from the site of Turkish Student
Selection and Placement Centre's web site.

4.1. Data

Selection of inputs and outputs has a tremendous
effect in an efficiency measurement study because
they can affect directly on the efficiency results.
Generally, the same kind of inputs and outputs are
selected in the efficiency measurement studies of
higher educational and educational systems. These are
the number of academic staff (both teaching and
research) or teachers, student/academic staff
(student/teacher) ratios or the expenditures for inputs.
Furthermore, several exam scores, honors degrees
given to graduates and number of graduates can be
taken as output measures (Abbott and Doucouliagos
2003; Johnes 2006; Kagnicioglu and Ican 2011;
Kempkes and Pohl 2010, Kiranoglu 2005)

Explanations related to input and output data are
given in the Table 1.

Table 1.Variable explanation chart for DEA

Variables | Definition
X, Ratio of undergraduate students
to professors in the departments.
X, Ratio of graduate students to
professors in the departments.
Inputs: Minimum LYS exam score to be
Z; enrolled in a statistics
department.
Z Maximum number of student for
each department to be enrolled.
Y, KPSS exam quantitative section
mean scores.
Outputs: | Ys KPSS exam verbal section mean
SCOres.
Y KPSS exam statistics section
mean scores.

Z1 and Z2 are the external factors which cannot
be controlled by the departments therefore they will
be used in the second stage analysis. These variables
can be determined by Turkish Council of Higher
Education and Turkish Student Selection and
Placement Centre. Departments have only a
considerable control on input variables. In addition,
for the inefficient DMUSs source of inefficiency must
be addressed. For these reasons, we chose input
oriented DEA models in our study to evaluate the
efficiencies of departments.

In this study, 18 statistics departments of public
Turkish universities were taken as DMUs of the
chosen DEA model. DMU number is 3 times greater
than the sum of the number of inputs and outputs. In
literature, the number of DMUs should be at least two
or three times greater than the sum of number of
inputs and outputs. It is needed to properly
discriminate the efficient DMUs from inefficient
DMUs as a rule of thumb.

Characteristics for inputs and outputs are given in
the Table 2.

High standard deviations in non-discretionary
variables and undergraduate/professors ratio are
observed. Top universities accepts student with higher
LYS exam results and also this will affect the KPSS
exam results after university graduation. Furthermore,
we believe the range of input variables will play an
important role in efficiency calculations.
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Table 2. Descriptive statistics for inputs and outputs

Variables | Minimum | Maximum | Mean Star-mde?rd
Deviation
X1 23.65 95.75 53.86 24.16
Xz 0.60 8.75 4.43 221
Y1 3177 46.03 38.27 3.47
Y, 16.26 25.52 22.02 2.38
Ys; 5.80 16.61 9.53 3.16
Z; 192.96 401.29 261.42 53.58
Z, 52 196 126.90 43.59

4.2. Efficiency Results

All the calculations are made in R programming
language Benchmarking package (Bogetoft and Otto
2011). The relative efficiencies of the departments are
presented in the Table 3 below.

- CCR- BCC- Scale
Statistics . . .
Departments input input Efficiency

P (ote) (pte) (se)
Mimar Sinan
Fine Arts 0.9785 0.9856 0.9928
University
Mugla Sitki
Kogman 0.5639 0.5677 0.9933
University
OndokuzMayis | 495 04996 | 0.9856
University
Middle East
Technical 1.0000 1.0000 1.0000
University
Selguk 0.3196 03209 | 0.9960
University
SinopUniversity | 1.0000 1.0000 1.0000
Yildiz Technical | o ag7 | 06313 | 0.8533
University

Table 3: Efficiency results of departments

- CCR- BCC- Scale
Statistics . . .
Departments input input Efficiency

P (ote) (pte) (se)
Afyon Kocatepe | 5557 | 02600 | 0.9836
University
Anadolu 1.0000 | 1.0000 | 1.0000
University
Ankara 07389 | 0.7400 | 0.9986
University
Gukurova 03323 | 07633 | 0.4354
University
Dokuz Eylil 05220 | 0531 | 0.9736
University
Ege University 0.2864 0.5359 0.5344
Eskisehir
Osmangazi 0.5124 0.5617 0.9123
University
Firat University | 0.3455 0.5712 0.6048
Gazi University | 0.7651 0.7656 0.9993
Hacettepe 10000 | 1.0000 | 1.0000
University
Karadeniz
Technical 0.6035 0.9294 0.6493
University

According to the relative efficiency results;
statistics departments of Anadolu, Hacettepe, Sinop
and Middle East Technical Universities (METU) are
technically efficient. A DMU is CCR efficient only if
it is both pure technically and scale efficient. Scale
efficiency values are calculated as the ratio of overall
technical efficiency (ote) values to the pure technical
efficiency (pte) values. Despite being pure technically
inefficient, some statistics departments like Afyon
Kocatepe, Selguk, Ondokuz Mayis, Mimar Sinan Fine
Arts, MuglaSitki Ko¢man, Gazi and Ankara are
approximately scale efficient. We can infer that these
DMUs perform on the optimum scale with other
technically efficient DMUs. Mean overall technical
efficiency of the departments is 62.53%. Scale
efficiency and pure technical efficiency means are
88.4% and 70.4% respectively. It is clearly seen that
the source for the inefficiency is pure technical
efficiency results. An important issue is the assigning
of peers to inefficient DMUs with lambda values
(weights). Inefficient DMUs can take DMUs in the
efficiency border as a role model to improve
themselves. With the help of assigned weights and
peers inefficient DMUs hypothetical input-output
levels can be calculated.
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4.3. Second Stage Analysis

One of the inquiries stated in the beginning of the
study is to find out whether external factors affect the
efficiency values or not. We adopted a Two Limited
Tobit Regression Analysis because of its suitability to
the special situation of efficiency values. Regression
coefficients of the model and their standard deviations
are given in parenthesis in Table 4.

Table 4. Tobit Regression Results

Coefficients
Z; 0.003* (0.001)
Z -0.003** (0.002)
Test Results
Log likelihood -3.496
Wald Test 11.776*** (df =2)
Note: *p<0.1 ; **p<0.05 ;*p<0.01

Regression coefficients are both simultaneously
(wald test) and individually significant according to
the Tobit Regression results in given significance
levels in Table 5. We can say that higher LYS exam
scores lead to higher efficiency results. Furthermore,

efficiency results tend to decrease if the department
quotas will increase. A unit increase in LYS exam
results will bring 0.003 unit increase in efficiency
results if department quotas remain constant.
Likewise, a unit increase in quotas will bring 0.003
unit decrease in efficiency results.

4.4, Efficiency Analysis for Different Type of
Programs

In Figure 2, efficiency scores of two types of statistics
departments in Turkey are presented as a bar graph
below. As stated before, some of the statistics
departments only have day time education while
others have both day and night time education
together. Statistical significance of efficiency
differences for two types of statistics departments was
tested with a Mann- Whitney U non-parametric
statistical test. Our initial expectation is that we
expected a significant statistical difference because of
higher student numbers in departments which have
both day and night time education. According to the
Mann-Whitney U test, the significance value
concerned to the test statistic is found 0.054.
Therefore, we accept the null hypothesis of there is no
statistical significant between efficiency values

Yildiz Technical 5
Sinop
Selguk-
Ondokuz Mayis

Mugla Sitki Kogman -
Mimar Sinan Fine Arts -
Middle East Technical 5
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Hacettepe -
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Figure 2. Efficiency Results of Different Type of Programs
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among different statistics departments. Our first
expectation is wrong and it is inferred that there is no
significant difference in efficiency values. When
registered student number to night time education for
2012 year is examined, it is seen that unfilled quotas
still remain for many students in departments of Firat,
Ondokuz Maysis, Sel¢uk, Sinop, Afyon, Cukurova and
Mugla Sitk1 Kogman universities. This might be the
reason why there is no difference between the two
types of statistics departments.

5. Conclusion

In this study, we have provided a two stage
efficiency analysis of Turkish statistical departments
for the year 2012. We have chosen DEA as the
suitable analysis to determine the relative efficiencies
of statistics departments and to classify each
department as efficient or inefficient .In many studies
related to efficiency measurement in education,
universities or faculties were selected as DMUs. For
this study, 18 statistics departments are selected as
DMUs of the analysis. These departments consist of
two different groups according to their education
programmes. Only 4 departments can be regarded as
efficient according to the results after CCR input
oriented model applied in “R Benchmarking”
package. Related external factors which may affect
the efficiency results of departments have been set and
investigated. Both mentioned factors have affected
the efficiency values according to the Tobit regression
model. Finally, we implemented a Mann- Whitney U
non- parametric statistical test to examine if there is a
difference in efficiency values between the two types
of departments. However, there is no significant
difference between two groups of statistical
departments contrary to the expected result. The
reason of this may be the unfilled quotas in some
departments' night education programmes.

The limitation of the study is the difficulty in the
gathering of data. The case is very special so we take
advantage of another study as a data source.
Moreover, there are also disadvantages of DEA
technique. DEA results can be easily affected by
outliers in the data and random errors cannot be
allowed in DEA. We could only deal with the

educational efficiencies of departments in this study.
Academic inputs and outputs can also be added to the
present study or can be a subject for another study.
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Abstract

Supplier selection is a critical decision process in a company. Since, gaining a competitive advantage is a great challenge in
today’s economy; firms need a well-managed supply chain to compete in these circumstances. Supply chain is an integrated
system in which individual companies perform interdependent activities. Therefore, the success of a supply chain is highly
dependent on establishing a longer-term working relationship among members of the supply chain community. Supplier
selection process is a multi-criteria problem which includes different attributes such as quality, delivery, price, supply
variety, distance etc. In our study, we consider two major criteria price and quality together with using incapability index
Cpp and price advantage chart in order to evaluate supplier performance. In this paper a case study of the pharmaceutical
industry is illustrated. The results obtained in this study show that capability and price advantage chart is useful to the
practitioners in choosing the best supplier.
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BIR ILAC FIRMASI ICIN SUREC YETENEK ANALIZI VE
FiYAT DEGERLENDIRME GRAFIGIi

Ozet

Tedarikei secimi, firmalardaki kritik karar verme siireglerinden biridir. Giiniimiiziin ekonomik sartlarinda rekabet avantajt
elde etmek firmalar i¢in oldukga zorlu bir siire¢ oldugundan, firmalarin bu sartlarda bagarili olabilmeleri i¢in iyi yonetilmis
bir tedarik zincirine ihtiyaglar1 vardir. Tedarik zinciri, igerisinde birden fazla bagimsiz firmanin birbirinden bagimsiz bir¢ok
aktiviteyi gerceklestirdigi biitiinlesik bir yapidir. Bu nedenle, bir tedarik zincirinin basarili bir sekilde yonetilmesi tedarik
zincirini olusturan firmalar arasinda uzun siireli ve basarili bir iliski kurulmasi ile dogrudan iliskilidir. Tedarik¢i se¢im siireci
kalite, teslimat, fiyat, liriin ¢esitliligi, uzaklik vb. birbirinden farklt birgok kriteri igeren ¢ok kriterli bir karar verme
problemidir. Bu calismada, tedarik¢i performanslarini degerlendirmek igin, siire¢ yetenek indeksi Cpp ve fiyat avantaj
grafigi kullanilarak en temel iki kriter olan fiyat ve kalite kriterleri ele alinmistir. Calismanin uygulama boliimiinde
gelistirilmis olan model bir ilag firmasinin tedarik¢i segim siirecinde uygulanmigtir. Uygulamada elde edilen sonuglar
gostermistir ki, slireg yetenek analizi ve fiyat degerlendirme grafigi karar vericiler tarafindan tedarik¢i se¢im siireclerinde

kullanilabilecek basit ve etkili bir aragtir..

Anahtar Kelimeler : Tedarik¢i Segimi, Siire¢ Yetenek Indeksi, Siire¢ Yetenek Analizi Ve Fiyat Avantaj Grafigi, Kalite

Jel Kodu : M10, M11, M19

1. INTRODUCTION

In today’s competitive environment firms need to
focus on their supply chain’s success. The success of
a supply chain is highly dependent on selection of
good suppliers. Since suppliers can have a very
positive or a very adverse impact on the overall
performance of the organization, supplier selection is
one of the key strategic decision processes in a supply
chain (Ramanathan, 2007). Supplier assessment is
gradually switching from traditional price comparison
and selecting lowest price, to diversified and multi-
direction consideration (Che and Wang, 2008).
Supplier selection process is a multi-criteria problem,
which includes different attributes such as quality,
delivery, price, supply variety, distance etc. Although
considering all attributes can give comprehensive
result, it is challenging and noteworthy time and
money consuming, further some intangible aspects
cannot be clearly evaluated. This study considers two
important attributes quality and price, which are base
and essential factors for customer satisfaction.

One of the overriding concerns of all organizations
today is quality. In the competitive marketplace, no
company dares to fall behind in providing quality to

fall behind in providing quality to its customers,
consumers, or end users. Much of the focus in supply
chain management is ensuring product quality that
meets customer requirements (Bowersox et al., 2002).
It has been estimated that for the average American
manufacturer, the cost of poor quality ranges from 10
to 30 percent of sales, an astounding and too often
accepted cost leak (Juran and Blaclick, 1998).
Additionally to this, price is the considerably
important for gain a competitive advantage in the
market. Consumers prefer to buy high- quality
products from affordable price. The raw material cost
can affect product price directly. Therefore companies
should prefer suppliers who give lowest cost in order
to keep their market shares in competitive
environment. Hence, price and quality are
fundamental factors in the supplier selection process.
To achieve an effective supplier selection this two
essential factors should be evaluated in an integrated
manner.

There is a need for a convenient method for to
evaluate suppliers’ process capability and quoted
price simultaneously. In our study, we consider two
major criteria price and quality together with using
incapability index Cyp and price advantage chart in
order to evaluate supplier performance. The
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incapability index Cyp and price index I, are briefly
discussed in Section 2. Capability and price analysis
chart is considered in Section 3. A case study of the
pharmaceutical industry is illustrated in Section 4.
Finally, conclusion of the study is presented in
Section 5.

2. INCAPABILITY AND PRICE INDEX

The process capability indices are used to evaluate
whether the process ability meets the given
specification limits or not. These indices provide an
easily understood qualification of a process
performance. There are several statistics that can be
used to measure the capability of a process: Cp, Cpx,
Cpm and Cyp. Process Capability index, C, denotes the
ability of a process to meet the specification limits.
The disadvantage of the C, is that it does not consider
whether the process is centered within its limits,
which causes in a process with both a low C, value
and undesired rejects. In order to avoid from
unwanted results of the inadequate information of the
previous process capability index, Cyk index is
developed which measures process variation and the
location of process mean simultaneously (Kahraman
and Kaya, 2009).

The process capability index Cpm is used to
assess the ability of a process to be clustered around a
target. In literature the process capability index has
been studied extensively for solving supplier selection
problem. Firstly, Chan et al. (1988) proposed an
index, which is called as Cym. Cpm is more sensitive to
process loss than C, and Cpk. Cpm take in to account
the departure of the process mean from the nominal
value (Greenwhich and Schaffrath, 1995). Huang and
Lee (1995) developed a mathematical complicated
model based on the incapability Cpm for supplier
selection problem. Also they showed their model on
an application. Pearn et al. (2007) implemented
Huang and Lee’s (1995) model and improved a two-
phase procedure for supplier selection decisions.
Also, they applied this procedure on the super twisted
nematic liquid crystal display manufacturing process.

Process incapability index, Cyp, was proposed
by Greenwich and Schaffrath (1995). The index Cpy is
a simple transformation of Cym, a general form of the

capability index Cpm is considered by Chan et al.,
which provides an uncontaminated separation
between information concerning the process precision
and the process accuracy. Chen et al. (2005) used
process incapability index Cy, to obtain the score
index Riand applied it to assess contract manufacturer
quality performance. They showed that process
capability index Cp, is easy to apply and contains
additional information than other process indices such
as process inaccuracy and process impression. Chen
et al. (2005) evaluated supplier performance using Cpp
index and price index. They drew a graph, which is
named as supplier’s capability and price analysis chart
(SPAC) to show difference between the expected
price and the supplier’s quoted price. Also, their study
provides an opportunity to consider quality and price
simultaneously. Linn et al. (2006) developed an easy
tool, namely, capability index and price comparison
chart (CPC) to evaluate the price and quality in an
integrated manner when selecting appropriate
supplier. This approach uses the process capability
index Cpk to assess the quality performance of the
suppliers. Hui-ming (2007) provided a supplier
capability and price advantage chart (SCPIC) to
determine the process quality performance of each
supplier in terms of supplier locations and adequate
price level. They used SCPIC chart to evaluate the
candidate suppliers of an electronic company. The
application results showed that SCPIC is an effective
and simple tool, which measures the quality
performance and the price level of the supplier
simultaneously. Chen et al. (2008) generated a
PCAC/Cym (product capability analysis chart) to
evaluate the process capability for a multi-process
product in terms of indices Cp, Cy and Cym for
smaller-the-better, larger-the-better and nominal-the-
best specifications, respectively. This chart helps to
identify unsatisfactory process capability in a multi-
process system to take an action to improve the
integrated process capability of a multi-process
product.

Wu et al. (2009) carried out extensive
literature study. They investigated behavior of the
actual process yield in terms of the number of non-
conformities. They compared the process capability
indices based on the different criteria. Additionally,
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the recent developments were discussed about
capability indices in the study. Chen et al. (2015)
presented a process improvement capability index
Crim to evaluate supplier selection process. Also, a
mathematical model proposed how the confidence
intervals of index Cpim can be used to measure process
improvement capability of suppliers.

In this study, we use Cp, index to assess the
performance of the candidate suppliers.

Cpp index is defined as follows,
1 p-T ‘ o\
Cpp=— =(—) +(—) oy
cC, D D

Where T presents the target value, d=(USL-
LSL)/2, D= d/3; USL is upper specification limit and
LSL is lower specification limit, (& denotes process
mean, O represents the standard deviation (Pearn and
Lin, 2001).

Cpp is composed of Cia and Cip (Cpp = Cia +Cip).
While, the inaccuracy index Ci, indicates the
departure of process mean from the target, the
imprecision index Ci, shows the extent of process
variation. Ci, =6%and Ci, =9 y?. The parameter § can
be used to detect the process mean deviation from the
target value (6 =(u-T)/d ) and y can be used to
detengjne the size of the process standard deviation (
y =—. From this Cy, can be rewritten as Cyp =9(5?
+y2) @hen and Chen, 2006)

The other two common indices are Cp, and Cy,
which are used to measure the unilateral tolerances
covering smaller-the —better and larger-the-better

process capabilities. Cp, and Cy are defined as
follows:

_USL-p _ p-LSL
pu= 3¢ 'plT 3o @)

Cc

Price index is a helpful tool for managers about
supplier selection decisions. It can be calculated for
each supplier with using the component price data
obtained from suppliers. The price index I, is defined
as follows (Chen et al., 2005),

Ip:(p_pO/pO) 3)

3. CAPABILITY AND PRICE ADVANTAGE
CHART

DEA To establish a CPAC, Cpp Cpu, Cpiand price
index values are used. Capability indices, Cyu and Cpj,
represent the X and Y coordinates successively, Cpp
defines the capability regions on the chart. Hence,

S=(y—x)/(x+y)and y=2/3(x+Yy) .

The Cpp index can be rewritten as,

4 (y—x)2
Cpp = +9 4)
((x+y)2J X+y
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Figure 1. Initial Capability and Price Advantage Chart

The initial CPAC can be seen in Figure 1, this
figure is obtained by drawing contour plot of Cyp. The
super capability zone can be derived by converting
Cpk = 2.00 to Cpp < 0.25; congruently, the Motorola
requirements can be written by converting the index
in Cok = 1.5 at index C, = 2.00 to Cyp < 0.81. These
transformations were clearly explained in Chen et al.
2005.

In this study, Motorola requirements are followed
for determining the process performance standard. If
suppliers’ process capability outside of the Cpp =0.81
region, process is considered as non-capable, if the
data of process capability is inside the Cp =0.81,
process is identified as capable. The Motorola process
capability requirements are satisfied by the respective
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supplier if the obtained process capability data is in
the Cpp =0.81 but not in the Cyp =0.25 region. If the
capability data is in the Cp, = 0.25 region, the process
is super capable (Chen et al., 2005).

Table 1. The six Capability Zone

Index value Quality Condition
Cp < 1.00 Inadequate

1.00< Cpk <1.33 Capable

1.33< Cp <1.50 Satisfactory
1.50< Cy <2.00 Excellent

1.50< Cp , C,>2.00 Motorola

2.00 < Cpy Super

Depending on the capability index value, process
can be classified into six different categories as shown
in Table-1.

A process is called "inadequate” if Cyp < 1.00; it
indicates that the process is not adequate with respect
to the given manufacturing specifications. A process
is called "capable” if 1.00 < Cpk < 1.33; it indicates
that caution needs to be taken regarding process
distribution. A process is called "satisfactory" if 1.33
< Cpk < 1.50; it indicates that process quality is
satisfactory. A process is called "excellent if 1.50 <
Cpk < 2.00. A process satisfies Motorola's requirement
if Cpx > 1.50 and; Cp >  2.00. Finally, a process is
called "super if Cypx > 2.00 (Pearn and Chen, 1997).

Normally, the true values of p and ¢ are unknown.
These values are calculated from collected data. Bult,
sampling error can occur and cause incorrect
decisions. Confidence interval approach is used to
prevent incorrect decisions. The confidence interval is
used as %95 percent in this study.

Confidence interval for 8 can be established as,

{5—% xz,5+ta XZ:| (5)

SN SN
Confidence interval for y can be constructed as,

[(h-1)7 %7, ] [0 x . ] ®)

Confidence intervals calculated from the formulas
for upper and lower limits being represented as
[Lﬁ'UJ]’[Ly’U,‘/]

Convert the price index values into symbols
either “+’ or ‘- or “*’ as their superscripts. ‘“+’ means
that the price is quoted by the suppliers is more than
expected value. Furthermore, - indicates that quoted
price is lower than expected price. Finally, ‘*’ denotes
that quoted price and expected price are equal.

4. NUMERICAL EXAMPLE

This application illustrates that how the supplier
selection procedure can be performed to the data taken
from a pharmaceutical company. The company
purchases 100 ml bottles from suppliers. These bottles
are used for two types of syrup. Height of bottles is
important quality specification for the quality
department. Specified target value for the bottle
height is 10.5 cm and tolerance is +.1.5 cm; that is the
upper specification limit is 12 cm lower specification
limitis 9 cm.

There are five suppliers from whom 50 random
samples are taken. Based on the collected sample,
mean and standard deviation are calculated for every
supplier and using these values 8, y and Cpp index can
be computed. Hereafter, confidence interval of & and
v and price index are calculated to construct the graph
(CPAC).

B

5 ¢+0,088)
ol 4ea 1CEID B

L &3 (0.166)

1+ » 2(-0.058) e

Cpu

Figure 2. Capability and Price Advantage Chart for Five Suppliers
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Sample statistics for each supplier are showed in
Table2, and Figure 2 denotes the location of each
supplier on the CPAC.

meaning that the products of suppliers 1 and 3 are
suitable in terms of the price. In a conclusion, Supplier
3 is the best choice in terms of quality and price.

Table 1. Sample Statistics

Supplier 1 Supplier 2 Supplier 3 Supplier 4 Supplier 5
X 10.3 111 10.8 9.8 10.7
S 0.30 0.32 0.24 0.43 0.23
Cp 0.72 1.84 0.59 2.69 0.25
Co 19 0.94 17 17 2
Cou 14 2.2 25 0.6 23
) -0.13 0.4 0.2 -0.5 0.07
(L 5,Us) (-0.19,-0.07) (0.34, 0.46) (0.15, 0.25) (-0.58, -0.42) (0.03,0.11)
Y 0.20 0.21 0.16 0.29 0.15
(L,.u,) (0.16, 0.25) (0.17, 0.26) (0.13,0.19) (0.24,0.36) (0.12,0.18)
Price index -0.111 -0.058 -0.166 0.133 0.088

The capability point of suppliers 2 and 4 are
located in the non-capability region. Their
incapability indexes are 0.81, which means the
process capabilities of 2 and 4 don’t satisfy the
company’s quality requirements. Therefore supplier 2
and 4 are named as non-capable and eliminated.

The capability point of supplier 5 is located on the
Cpp =0.25 contour plot. Supplier 5 has an acceptable
Cpp Vvalue, but unacceptable price index. Since, price
index value is I, >0. Consequently, these suppliers are
not preferred for the company.

The capability point of supplier 1 and 3 are located
in the Cp, =0.81 contour region. Incapability index is
0.72 for supplier 1 and 0.59 for supplier 3. This means
that process comply with the requirement of
Motorola. These two suppliers satisfy buyer demands
for quality. The price index of suppliers 1 and 3 is <
0, their values are -0.111 and -0.166 respectively,

5. CONCLUSION

Supplier selection is one of the company’s most
critical decision processes therefore, it should be
carefully and systematically considered by decision
makers. Supplier selection problem has been studied
in the literature for years. Various techniques, criteria
and factors are developed in order to evaluate
suppliers effectively. This study considers supplier
selection process as a multi-criteria problem and
discusses two important attributes, quality and price,
which are base and essential factors for customer
satisfaction. We proposed a model with using
incapability index Cpp and price advantage index Ip
and presented an actual case study in a pharmaceutical
company. In addition to this, process capability index
and price advantage chart (CPAC) is developed, based
on the Cpp index and price index Ip, to display the
process quality performance of each supplier. Using
this chart, we evaluated five candidate suppliers and
selected adequate one in terms of the process
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capability and price index. Consequently, this model
presents a simple but efficient and effective selection
process. Adding new supplier attributes such as
delivery time, productivity, can extend this study.
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Abstract

Decisions can be simple or complex depending on the alternatives available to the decision maker, and also, to the different
state of the worlds. In classical decision theory, a pay-off table is analyzed in order to make an optimal decision. Here, the
decision process involves the definition of different alternatives and state of the worlds, cost or profit calculations of the
pay-off table, and probability values, if any, related to state of the worlds. In decision problems, sometimes, it may be
necessary to involve emotional attachments in order to create pay-off table. In this setting, rather than using the usual cost
or profit values, some satisfaction values can be assigned to the criteria and the rationality of different alternatives can be
investigated. In this study, the rationality approach to decision pay-off matrix is demonstrated using a real life example
regarding a cellular phone purchase. Furthermore, a compositional data analysis approach is also suggested, and the
contributions of the compositional data analysis to decision theory are given.
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RASYONEL KARAR VERME PROBLEMI ICIN
COMPOSITIONAL VERI ANALIZI YAKLASIMI: OGRENCI
TELEFON TERCIHLERI UZERINE BIiR UYGULAMA

Ozet

Karar vericinin iginde bulundugu dogal durumlar ve karar seceneklerine bagl olarak, Kararlar basit veya karmasik olabilir.
Klasik karar teorisinde en iyi kararin verilmesi i¢in sonu¢ matrisi analiz edilir. Bu analizde karar siireci, farkli karar
seceneklerinin belirlenmesi, dogal durumlarin tespiti, beklenen kar veya zarar degerlerinin hesaplanmasi ile sonug
matrisinin hesaplanmasi, ve var ise dogal durumlara iliskin olasilik degerlerinin tespitini i¢erir. Sonug matrisi olusturulurken
kimi karar verme siireglerinde karar verici duygusal yargilarini da siirece eklemek isteyebilir. Boyle bir durumda, siradan
kar-zarar hesab1 yerine, kriterlere bazi memnuniyet degerleri atamasi yapilarak, farkli karar segeneklerinin rasyonel olup
olmadiklari arastirilabilir. Bu ¢alismada, karar sonug matrisi i¢in rasyonellik yaklagimi, cep telefonu alimi drnegi tizerinden
gosterilmistir. Ek olarak, ¢oziim i¢in Compositional (biitline tamamlayan) veri analizi yaklasimi da Onerilerek,
Compositional veri analizinin karar teorisine katkilar1 sunulmustur.

Anahtar Kelimeler : Karar teorisi, Rasyonellik, Compositional (biitiine tamamlayan) veri, Cep Telefonu, Asal Bilesenler Analizi, Bi-Plot.
Jel Kodu : C44, C10

middle of the 20th century through contributions from
several academic disciplines. Although it is now
clearly an academic subject of its own right, decision
theory is typically pursued by researchers who
identify themselves as economists, statisticians,
psychologists, political and social scientists or
philosophers [3].

A good decision is the one that gives the best
outcome, but one can make a good decision but still
have an unlucky outcome. On the other hand one may
prefer to have lucky outcomes rather than make good
decisions. Figure 1. shows a flowchart for the decision
analysis process [2]. A careful decision maker may
cycle through the process shown in Figure 1. several
times as the analysis is refined. Emotional

1. INTRODUCTION

Decision theory in business and statistics is usually
concerned with identifying the values, uncertainties
and other issues relevant in a given decision and the
resulting optimal decision [1]. Decision analysis
provides structure and guidance for thinking
systematically about hard decisions. With decision
analysis, a decision maker can take action with
confidence gained through a clear understanding of
the problem. Along with a conceptual framework for
thinking about hard problems, decision analysis
provides analytical tools that can make the required
hard thinking easier. Although every decision may

have its own special problems, there are four basic
sources of difficulty. First, a decision can be hard
simply because of its complexity. Second, a decision
can be difficult because of the inherent uncertainty in
the situation. Third, a decision maker may be
interested in working toward multiple objectives, but
progress in one direction may impede progress in
others. Fourth, and finally, a problem may be difficult
if different perspectives lead to different conclusions
[2]. Modern decision theory has developed since the

attachments also may play a role in decision making.
Such decisions can be real and can have serious
consequences for the organization or the decision
maker. They can lead to poor decisions due to biases
and lack of objectivity. The negatives of emotional
decisions will be minimized if the decision maker,
firstly, becomes aware of biases and makes
allowances for them and, secondly, seeks out
independent opinions — ask the opinion of some
person who has no vested interest in the decision [4].
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Choose the best alternative

!

Implement the chosen
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Figure 1. A decision analysis process flowchart

In this study, a daily life decision regarding a
cellular phone purchase is investigated for university
students. The decision problem is investigated via two
different techniques in this context. First, the decision
problem is considered as a classical decision problem,
but once the structure of the problem is laid out, it is
seen that the data matrix is not the usual pay-off table
used in the classical decision theory. For this purpose,
the decision matrix is specially designed to be solved
by the rationality approach to the decision theory.
This new setting of the decision problem allowed the
author to further investigate the data set using robust
principal components analysis for compositional data.
Therefore in the second part of the investigation, some
further results obtained from the output of robust
principal components analysis are shown. The second
section of the study is a review of the materials and
methods, and also, the definition of the data matrix
obtained from the university students is given.

2. Materials and Methods

In this section, the materials and methods used in
this study are shortly reviewed. Before the review of

the techniques, the data set used in the analysis is
described in detail.

2.1. Data Set

The main aim of this study is to show the
relationship between rational decision making and
create a solution using correspondence analysis.
Therefore, rather then using a big population the study
is restricted to a small population and a small sample
size. For this purpose, the population of the study is
defined to be the students in Faculty of Economics and
Administrative  Sciences, Anadolu  University,
Turkey. In order to obtain the sample size the
following well known equation is used:

n=pa—pxéf 1)

Since there are not any previous studies on the
subject, p value is taken as 0.50 and the margin of
error is assigned as 0.15. If the level of confidence to
be used in the study is defined as 95%, then the sample
size equation yields a value equal to:

1.96

=0.50(1-0.50)(——=
" ( )(0.15

)2 =4268 (2
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Therefore, in order to get the projected values, the
minimum sample size proposed from the equation is
43. In this study, 50 university students are chosen
randomly from Department of Business, Anadolu
University. First, all the students are asked “if they
needed to buy a new cellular phone, what
characteristics of the phone they would be interested
in”. Six major characteristics are chosen by students
and these are Wi-fi, 3G, Video Calling, MP3/Radio,
Touch Screen and Price. The other characteristics
given by students are color, sound quality, technical
support, and robustness of the phone material. The
students, then, are asked to weight their preferences
among the characteristics from an interval of 1 to 6,
where 1 being least preferred and 6 most preferred.
For each phone characteristic, the arithmetic mean of
the preference scores of students is calculated and
assigned as the weights to be wused in this
investigation. The weights are Wi-Fi = 4.03 , 3G =
3.60, Camera = 3.92, MP3/Radio = 3.64, Touch
Screen = 4.65, Price = 5.16. At this stage of the
investigation, the students are provided with
computers with Internet connection and asked to
browse the internet for different phone companies and
their products. The purpose of the students is to find
the different phones offered by the companies and
weight the performance (from 1 up to 6 again) of the
companies in terms of the characteristics they would
prefer in a new phone. Consequently, if a telephone
company produces a number of products with
MP3/radio characteristic, then the firm will receive a
score of 6. The students are left for browsing for 2
hours. Table 1. shows the phone companies chosen by
students and their average grades for the six
characteristics given above. Note that the company
names are the trademarks of the respective companies
and to avoid any copyright infringement, the names of
the companies are not given in this study but presented
by numbers.

Table 1. Grades and weights of different phone companies

Weights 403 | 3.60 | 392 | 3.64 | 465 | 5.16
Criteria T © % 8( 5 E u

Phone = ® 2 L | 3% x

Company S < Fa
1. 4 4 1 2 2 2
2. 5 3 2 2 2 2
3. 4 4 1 3 3 3
4, 1 1 1 4 2 2
5. 2 2 1 4 1 4
6. 1 1 1 4 1 2
7. 1 1 1 4 1 3
8. 2 2 2 4 2 3
9. 1 1 1 5 1 4
10. 1 1 1 5 1 4
11. 1 1 1 5 1 4
12. 1 1 1 5 2 4
13 2 1 2 5 2 3
14. 1 1 1 5 1 4
15. 4 4 4 5 2 3
16. 3 4 4 5 4 4
17. 5 5 4 5 3 6
18. 1 1 1 5 1 4
19. 4 5 5 5 5 3
20. 3 1 1 5 2 4
21. 2 1 1 5 4 4
22. 5 5 1 6 6 2
23. 5 1 1 6 2 3
24, 2 5 5 6 1 4

It can easily be seen from Table 1. that this data set
is not usual pay-off table used in classical decision
theory. In order to analyses this data set, the technique
to be used is the rationality approach to the decision
theory. The details of the rationality in decision theory
are given in the following subsection. Also, once the
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rationality matrix is designed, a further statistical
technique can be applied to the data set, namely,
robust principal components analysis.

The concept of rationality has an action-guiding
dimension. In its most basic sense, the concept of
rationality applies to resolutions of decision problems.
Some ways of resolving decision problems may be
rational. Others not. In some cases, there may be more
than one rational resolution. And nor, at this stage,
should we rule out the possibility that in some
circumstances there may not be any [5]. Physical
sciences provide an alternative approach to decision
making which is readily adaptable to business
decisions. The rational approach to decision making
is shown in Figure 2. Once the need for making a
decision has been recognized, the firm has to identify
its constraints and establish criteria [4].

Figure 2. The rational approach to decision making.

Indentify constraints faced by

Establish, rank, and weight
decision maker >

Recognise need for dedision

Select best altemative via
decision theory techniques

Evaluate using a
grading system

Identify and collect
information about alternatives.

Criteria and alternatives used in the analysis should
be carefully selected in order to avoid a bias on the
results. Once a decision maker decides on necessary
criteria, the next step is to rank and weight the criteria
according to their relative importance. The number of
criteria defines the scale to be used for the weighting
scheme, if there are k different criteria available for
the decision maker, then the weights should be given
to each criterion from a scale of 1 up to k, where the
small values represent smaller importance and the
higher values or values closer the k show higher
importance to the criteria. The next step is to identify
and collect information about alternatives and then
evaluate each one of them via a grading system
subject to all criteria and their weights. In the last step,
the weights and the grades of each alternative are
multiplied to give a total score for the pair (of
alternative, criteria). Then for each alternative, the
row sums are calculated to get the highest score so as
to represent the best alternative of the decision

problem. In Table 2., the rational approach to pay-off
table is shown.
Table 2. Pay-off table for rational approach to decision problem.

Weights Wi W2 W
Crivecia Criteria | Criteria Criteria TOTAL
1 2 k
Alternatives
) Grade;;; | Gradey; Gradey; | Row
,flternatlve Gradey, | Grade, | ... | Gradex | Sum
X Wy X W, X W L
) Gradem:; | Gradem; Graden; | Row
Qlternatlve Graden; | Gradem, | ... | Grademx | Sum
X Wy X W, X W m

Once the pay-off table is constructed for the
decision problem, then the decision maker selects the
alternative as the best alternative with the highest row
sum total. In each row, the total represents the
alternative in a whole.

2.2. Compositional Data Analysis

Compositional data are vectors of proportions
describing the relative contributions of each of k
categories to the whole. Compositional data occur
frequently in official statistics (tax components in tax
data, income components, wage components,
expenditures, etc.), in environmental and technical
sciences, and in many other fields. An observation
x = (x,..,xp)t is by definition a D-part
composition if, and only if, all its components are
strictly positive real numbers, and if all the relevant
information is contained in the ratios between them
[6]. As a consequence of this formal
definition (x4, ...,xp )¢ and its ¢ > 0 multiple
(cxq,...,cxp )t contain  essentially the same
information. One can thus define the simplex, which
is the sample space of D-part compositions, as

x=0x,..% ), x>0,i=1..D>x =7  (3)

the constant 7 represents the sum of the parts.

The application of standard statistical methods
such as correlation analysis, principal component
analysis or factor analysis directly to compositional
data can thus lead to meaningless results [7-9]. This is
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also the case for imputation methods. Thus, this type
of data needs to be transformed first with an
appropriate transformation before any statistical
analysis can be applied.

Filzmoser [9] introduce the idea of
multivariate methods such as (robust) factor analysis,
(robust) principal components to be used for analysis
and procedures for outlier detection in compositional
data. For compositional data, a special transformation
is needed prior to applying multivariate data analysis
tools. If this is not done, the correlation structure can
be completely biased and results become useless. If
robust multivariate techniques like principal
component analysis (PCA) are used, the transformed
data need to have full rank, and thus a transformation
like the centered logratio transformation cannot be
used. Principal component analysis (PCA) is one of
the most important multivariate statistical methods. It
is widely applied for data pre-processing and
dimension reduction, and the resulting PCs are then
used for plotting or for subsequent multivariate
analyses [10]. Filzmoser [9] shows how Principal
component analysis for compositional data is
analysed. Once a principal components analyses of a
data set is obtained, then it is not too diffucult to show
graphical form of the results via Bi-Plot [11].

In this study, the compositional data analysis
connection is obtained through each row total.
Remember that the data set used in this study is
designed as a pay-off table in which the pay-off table
is a row sum number representing the alternative as a
whole. It can be clearly seen from this that each
alternative in the study is a D-part composition.
Therefore, the techniques suitable for the
compositional data can be applied to this rather quirky
pay-off table.

3. Results

In Table 1., grades and weights of different phone
companies obtained from the university students are
given. Now, a compositional or rationality pay-off
table can be constructed. For this purpose, each
alternative value is multiplied by its corresponding
weight. The resulting pay-off table is given in Table
3.

Table 3. Final pay-off table for phone companies

Weight
. 403 | 360 | 392 | 364 | 465 | 5.16
< Q =
32|95 ¢

1. | 161 | 144 | 392 | 7.28 | 93 | 103 | 6134
2. | 201 | 108 | 784 | 728 | 93 | 103 | 6569
3. | 161 | 144 | 392 | 109 | 139 | 154 | 74.79
4. | 403 | 36 | 392 | 145 | 93 | 103 | 4573
5. | 806 | 72 | 392 | 145 | 465 | 206 | 59.03
6. | 403 | 36 | 392 | 145 | 465 | 103 | 4108
7. | 403 | 36 | 392 | 145 | 465 | 154 | 46.24
8. | 806 | 72 | 784 | 145 | 93 | 154 | 6244
9. | 403 | 36 | 392 | 182 | 465 | 206 | 55.04
10. | 403 | 36 | 392 | 182 | 465 | 206 | 55.04
11. | 403 | 36 | 392 | 182 | 465 | 206 | 55.04
12. | 403 | 36 | 392 | 182 | 93 | 206 | 59.60
13. | 806 | 36 | 784 | 182 | 93 | 154 | 6248
14. | 403 | 36 | 392 | 182 | 465 | 206 | 5504
15. | 161 | 144 | 156 | 182 | 93 | 154 | 89.18
16. | 120 | 144 | 156 | 182 | 186 | 206 | 9961
17. | 201 | 18 | 156 | 182 | 139 | 309 | 1169
18. | 403 | 36 | 392 | 182 | 465 | 206 | 55.04
19. | 161 | 18 | 196 | 182 | 232 | 154 | 1106
20. | 120 | 36 | 392 | 182 | 93 | 206 | 67.75
21. | 806 | 36 | 392 | 182 | 186 | 206 | 73.02
22. | 201 | 18 | 392 | 218 | 279 | 103 | 1021
23. | 201 | 36 | 392 | 218 | 93 | 154 | 74.29
24. | 806 | 18 | 106 | 218 | 465 | 206 | 9279

Now in order to choose the best alternative, the best
phone company according to the students’ preferences
is given by the maximum value of the total column in
Table 3. It can be seen that company 17 is the first
company in the list with an overall score of 116.94
and the runner-up is company 19 with 110.65 points.
The third company is company 22 with a score of 135.
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According to the students’ opinions, company 6 gets
the last place in this investigation. As a result, it looks
like company 17 provides such a good selection of
phones that the students may be satisfied with the
strengths of the phones.

In the next step, robust principal components
analysis, based on the approach suggested by
Filzmoser [9], is applied to the pay-off table. The
resulting Bi-Plot of the analysis is given in Figure 3.

22

0.2
1

24

0.0
1

MP3  PRC]

PC2 (clr-standard)

-0.2
1

TS 12

-0.4
|

T T T T
-0.4 -0.2 0.0 0.2

PC1 (clr-standard)

Figure 3. Bi-Plot from robust principal components analysis

From Figure 3., it can be seen that the company 24
might be an outlier. Also, the first phone company 17
is around the center of the figure. This shows that the
phone company in the center meets different criteria
for a phone purchase. The surprise of this figure is the
company 8, which sits almost in the middle of the
figure. This happens since the results for this company
for each criterion is close to average values. The main
result that can be obtained from the Biplot is that the
three criteria are found to be very important in terms
of first principal component since their arrow makes
a tight angle with this component. These criteria are
3G, Wi-Fi and Price. As it can be seen, these criteria
are the result of the new technologies in mobile
networking. Therefore, it can be said that the students
pay attention to the new technologies offered by the
phone companies. Also when the size of the variable

arrows is investigated in detail, it can be seen that the
longest arrow is for 3G criteria. This shows the quality
of this variable or criteria in our problem. The second
longest arrow is drawn, almost equally, for the price
and touch screen criteria. This is not a surprising result
since in the original pay-off table, the weights given
to these criteria are also high values.

4. Conclusion

Decision making is an important aspect for any
company. While good decisions may increase the
prosperity of a company, a bad decision can equally
become a doomsday scenario for the company. One of
the easiest techniques to be used for decision analysis
is to analysis a pay-off table, but in pay-off tables,
usually a decision maker puts numerical values
obtained from profit or cost for the given state of the
worlds and alternative pairs. If the emotional
attachments are given to the decision, the usual pay-
off table is of no use. In this study, the emotional
attachments to the different alternatives are
introduced in to the pay-off table via rationality
approach. In this new setting of the pay-off table, the
best alternative can be chosen as the highest score
obtained from a row sum. The new structure of the
pay-off table allows a decision maker to deal with the
problem as a compositional data problem where a row
represents the components of a given situation. Once
the pay-off table is recognized as compositional data
matrix, further statistical analysis of the problem
becomes possible providing extra information such as
the positions of different alternatives in terms of the
criteria investigated. In this study, the phone company
preferences of the university students are investigated
and their preference tendencies are shown using
robust principal components analysis. This extra
knowledge for any alternative may influence the
decision makers’ decision where a decision maker
may further investigate the improvements possible for
a given alternative. Then, the analysis can be repeated
for new findings until an optimal decision is made.
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Abstract

It has been understood that it is not enough to consider just certain macro-economic indicators to determine the development
level of countries. Human Development Index (HDI), which is a part of the Human Development Report (HDR) published
by United Nations Development Programme (UNDP) is a complex index prepared for this end with a focus on education
and health as well as income. Yet, once it was realized that this index had certain limitations, some other indices were
created. Happy Planet Index (HPI), which was first used by New Economic Foundation (NEF) in 2006, is one of these
indices. In this study, canonical correlation analysis, a multivariate statistical method was applied to examine the relation
between HDI and HPI calculated for 150 countries. The empirical findings of the study have revealed that there is a very
strong and meaningful canonical relation between HDI and HPI.
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MUTLULUK VE INSANI GELISMISLIK ARASINDAKI
[LISKININ BELIRLENMESI: COK DEGISKENLI
ISTATISTIKSEL YAKLASIM

Ozet

Ulkelerin gelismislik diizeylerinin belirlenmesinde yalmzca belirli makro-ekonomik gostergelerin dikkate alinmasi yeterli
olmadigi anlasilmistir. United Nations Development Programme (UNDP) tarafindan yayimlanan Human Development
Report (HDR)’de yer alan Human Development Index (HDI) bu amacla gelistirilen gelirin yani sira egitim ve saglik
verilerini de gbz Oniine alan composite bir endekstir. Ancak bu endeksin belirli sinirliliklarinin fark edilmesiyle birlikte
farkli birtakim endeksler hesaplanmaya baslanmistir. New Economic Foundation (NEF) tarafindan ilk kez 2006 yilinda
hesaplanan Happy Planet Index (HPI) bu endekslerdendir. Calismada secilen 150 {ilke igin hesaplanan HDI ve HPI
arasindaki iliskiler ¢ok degiskenli istatistik yontemlerden kanonik korelasyon analizi ile arastirilmistir. Caligma sonucunda
elde edilen ampirik bulgulardan HDI ve HPI arasinda oldukg¢a anlamli ve gii¢lii bir kanonik iliski oldugu saptanmustir.

Anahtar Kelimeler : Insani Gelismisilik endeksi, Mutlu Gezegen Endeksi, Cok Degiskenli Istatistiksel Metod, Kanonik Korelasyon

Analizi.
Jel Kodu : C01, C40, 120, 130

1. INTRODUCTION

For a long period after the World War II, the
development levels of countries were determined via
certain macro-economic parameters. In this period,
economists mostly concentrated on income and
production growth. However, after 1960s, it was
understood that a high increase in the national income
of countries was an insufficient indicator for
development. Thus, economists started to handle the
concept of development in a broader framework
without limiting the term to growth. This made it
necessary to redefine the concept of development.
Development was to be interpreted not only through
economic growth but also using different
measurement techniques. Even today it is hard to
provide an accurate definition for development, but
the literature offers diverse indicators to measure it
(Gokdemir and Veenhoven, 2014: 340-341).

Amartya Sen, who was awarded the Nobel Prize in
economics in 1998, developed the capability
approach, on which Human Development Index
(HDI) was based. This index was further improved by
United Nations Development Programme (UNDP)
and it has, thus, been calculated since 1990. HDI is
formed on a very minimal listing of capabilities, with

a special focus on reaching a basic quality of life,
which can be calculated through available statistics, in
a way that the Gross National Product (GNP) or Gross
Domestic Product (GDP) failed to obtain (Sen, 2005:
159). In fact, recent UNDP reports have been
diverting attention away from mechanical indicators
like GNP or GDP and concentrating on measurements
that reflect the well-being and freedom levels of
countries more realistically. With its imperfect data,
HDI tries to reveal a complex reality in a compact
way. It has its own limitations, though (Anand and
Sen, 1995: 1). In order to overcome the limitations of
HDI, other indices such as Gender Inequality Index
(GIE), Inequality Adjusted Human Development
Index (IHDI) and Multidimensional Poverty Index
(MPI) have been developed, too.

Happy Planet Index (HPI) is one of the
indices that have been developed to make up for the
limitations and deficiencies of HDI. HPI was first
introduced by the New Economic Foundation (NEF)
in 2006 as an index of human well-being and
ecological efficiency (Marks et al., 2006: 2). What
HPI measures is not the happiness, development, or
environmental friendliness of a nation. It rather
combines all three to measure the “provision of long-
term well-being without exceeding the limits of
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equitable resource consumption”. Essentially, HPI
measures the ecological efficiency with which nations
deliver human well-being (Marks et al., 2006: 8). A
relatively new indicator, HPI has been the subject of
few academic studies. So far, most research has
centered on the link between HPI and conventional
economic, social and political indicators as well as
any lead-lag relationship it may have with other
indicators (Abidin et al., 2013: 1236). In fact, HPI has
been examined only in a few academic papers as
opposed to HDI, which has been studied by many
scholars. The studies that handle HDI and HPI
simultaneously are not so common, either. This paper
covers some of the limited number of studies, which
have looked into HDI and HPI together.

Lang (2012) used three different measures of
national happiness to build three regression models.
In this study, life satisfaction, which is used as the
dependent variable in these three models, was
measured according to HPI, World Database of
Happiness and Satisfaction with Life Scale. The
independent variables in this study are GINI index
values (GINI), HDI, Ethnic Group Diversity
Percentages (Ethnic), Corruption Perceptions Index
Values  (Corruption),  Unemployment  Values
(Unemploy) and Average Precipitation Values
(AvgPre). All three models have pointed out that
plentiful precipitation is a contributing factor in
happiness. Two of the models have indicated that low
corruption, a high HDI, and low unemployment are
also important factors. One model has found out a
positive relationship between national happiness and
a more equal income distribution. All three models
have shown that there is a linear and positive relation
between HDI and life satisfaction.

Pillarisetti and Van Den Bergh (2013) have
attempted to identify sustainable nations from five
aggregate indices in their paper. For this purpose, they
examined some index data including HDI and HPI
using various graphical techniques and statistical
correlation analysis. Their analysis revealed that there
is a significant and positive correlation between HDI
and HPI.

Focusing on EU countries, Gonda and Rozborilova
(2013) carried out a study to identify the problems
related to the long term revaluation of the importance

of economic growth, and underestimation of the
importance of prosperity as well as the comparison of
the values of indicators of economic growth and
prosperity. Their purpose is to justify the need for
modifications to their perception, specify their
interdependence and find out the primary
determinants that might play a positive role in
ensuring sustainable economic growth rate, and
increase the level of prosperity existing difficult
conditions. The 28 EU countries examined to this end
were listed based on their Legatum Prosperity Index,
HPI and HDI scores.

Schepelmann et al. (2010) emphasize that
“Economic performance is generally being measured
through GDP (Gross Domestic Product), a variable
that has also become the de facto universal metric for
“standards of living”. However, GDP does not
properly account for social and environmental costs
and benefits”. Therefore, one must move beyond GDP
so as to measure “progress, wealth and well-being”
effectively. Such an effective measurement
necessitates clear and multidimensional indicators
which show the links among a community’s economy,
environment and society. In line with this purpose,
some alternative progress indicators including but not
limited to HDI and HPI have been examined. Several
alternative progress indicators have been examined in
this study with the help of SWOT analyses. In fact,
SWOT analyses make it possible to assess the internal
strengths and weaknesses in addition to external
opportunities and threats of each indicator, which is
eventually necessary to go beyond GDP.

The aim of this study is to determine the relation
between HPI, which is a part of the HDR published
by UNDP and the HPI in the report published by NEF.
To that end, 2012 data collected for 150 countries
were analyzed using canonical correlation analysis,
which is one of the multivariate statistical techniques.
It has been observed there are only a few studies that
have focused on the analysis of these two important
indices through multivariate statistical analyses.
Therefore, it is thought that this study will contribute
to the literature.
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1.1. Human Development Index (HDI)

The Human Development Index was first
introduced in 1990 as an alternative to GDP. The
reason for creating such an alternative index is that
income level itself does not suffice to fully understand
the concept of human development. HDI specified the
term human development and operationalized it
combining health, education and income under a
composite index (Aguna & Kovacevic, 2011: 1). HDI
was rapidly welcomed by most countries, which
shows that all over the world there was a desire to
understand whether, how and why people are doing
better (Human Development Report, 2014: 27). HDI
has been an important measure of progress. It is a
complex index of life expectancy, years of schooling
and income.

Human Development Report presents HDI values
for 187 countries and global HDI was 0.702 in 2014.
All countries included in the HDI are classified into
one of four clusters of achievement in human
development. HDI classifications are based on HDI
fixed cut-off points, which are obtained from the
quartiles of distributions of component indicators. In
low human development, the cut-off points are less
than 0.550. In medium human development 0.550-
0.699, in high human development 0.700-0.799, and
the cut-off points are 0.800 or greater in very high
human development (Human Development Report,
2014: 156). In 2014, the lowest regional HDI values
were found to be in Sub-Saharan Africa (0.502) and
South Asia (0.588), and the highest was found to be
in Latin America and the Caribbean (0.740), closely
followed by Europe and Central Asia (0.738) (Human
Development Report, 2014: 33).

HDI is a summarized measure of achievements in
key dimensions of human development. These are a
long and healthy life, access to knowledge and a
decent standard of living. The HDI is the geometric
mean of normalized indices for each of the three
dimensions (Klugman, 2011: 168). HDI can be
calculated in two steps. First, dimension indices are
created. Minimum and maximum values (goalposts)
are set to transform the indicators expressed in
different units into indices between 0 and 1 (Technical

Notes, 2014: 2). Equations for the dimension indices
are calculated as follows:

le—le

I, =—"= M

mys — mys eys — eys "
I = Y VS N YS —€yS ., @)
mys, —mys, ) \eys, —eys,
In(gni) —In(gni_ )

I = 2 3)
In(gni__ ) —In(gni )

The Health dimension |, is calculated using life
expectancy (le). The Education dimension, |E is
based on mean years of schooling (mys) and expected
years of schooling (eys). The Income dimension |I
is calculated using Gross National Income (gni). The
HDI is calculated as the geometric mean of the three
dimensional indices:

HDI = (I, *1.*1,)"

HDI is a summary measure of the average
achievements in a country in three basic dimensions
of human development. The criticism of HDI has
mostly been about the more technical issues of data
quality and the transformation processes. HDI has
received some deeper criticism, too. For example,
some point out that HDI has never covered an
environmental or consumption-based component
although the UNDP has sometimes suggested that
such components be a part of HDP. In fact, UNDP has
done more than mere suggestion. It has also
investigated the possibility of doing so. Therefore, it
can be said that HDI cannot be the only index of
sustainable development in the same way as it is for
the UNDP’s vision of human development (Morse,
2004: 7).

HDI overlooks the environment and in particular
the relationship between environmental impact of
country development and actual development of
country. The Report of NEF (New Economics
Foundation) and The (Un) Happy Planet Index (July
2006) are more advanced alternatives to HID
(Codruta et al., 2011: 198).
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1.2. Happy Planet Index (HPI)

Happy Planet Index (HPI) tells us how successful
nations are in supporting their inhabitants to lead good
lives while ensuring that next generations can do the
same (sustainable well-being for all) in the future.

HPI is one of the first measures of sustainable well-
being used worldwide. It uses global data on
experienced well-being, life expectancy, and
ecological footprint to produce an index showing
which countries are best at offering long and happy
lives for their inhabitants while maintaining the same
conditions for future generations so that they can do
the same (Abdallah, 2012: 3).

The HPI was created by Nic Marks, founder of the
Centre for Well-being at the NEF. The HPI was first
published in July 2006 by the NEF with its second
edition in 2009 and the third in 2012 (Singh, 2014:
802). The HPI scores range from 0 to 100. High scores
can only be achieved when all three targets mentioned
in the index — high life expectancy, high life
satisfaction, and a low ecological footprint- are
fulfilled (Abdallah, 2009: 3). The HPI incorporates
experienced well-being (measured based on happy
life years, which is a result of life expectancy and life
satisfaction multiplied together) and resource
consumption (measured based on ecological
footprint) (Mally, 2011: 73). HPI is calculated as
follows:

4P| sz x le @)

fp

whb denotes experienced well-being, le expresses
life expectancy and fp refers to ecological footprint in
HPI equation. This simple headline indicator shows
whether a society is heading in the right direction or
not. It is a vital tool to ensure that fundamental issues
are taken into consideration in crucial policy
decisions.

When the HPI report was being prepared, national
performance in each of the three component
indicators (life expectancy, experienced well-being,
and ecological footprint) and combined score of the
components were mapped out in a way to highlight
the top and bottom countries in 2012. The maps reveal
that the warning lights are much brighter than ever

before — no country can achieve bright green in the
HPI map, which is an indicator of good performance
in all three components. Indeed, there are only nine
countries in the second-best category (light green).
Eight of them are in Latin America and the Caribbean.
Two are classified in very high development by the
UN (Argentina and Chile), five in high development
(Mexico, Costa Rica, Panama, Jamaica, and Belize),
and two in medium development (Vietnam and
Guatemala) (Abdallah, 2012; 10). Considering the
overall HPI ranking, Costa Rica has the first highest
(64.0) HPI scores while Vietham has the second
highest (60.4) HPI scores and Colombia has the third
highest (59.8) HPI scores. Botswana (22.6), Chad
(24.7) and Qatar (25.2) also have the lowest HPI
scores respectively.

Amongst the top 40 countries listed by overall HPI
score, only four countries have a GDP per capita of
over $15,000.35. The highest ranking Western
European nation, Norway is 29" just following New
Zealand ranking 28", The USA ranks 105" position
out of 151 countries (Abdallah, 2012: 10).

HDI was calculated based on the data of 187
countries whereas HPI was calculated based on the
data of 151 countries. Yet, to establish quantitative
balance between these two sets of data, 37 countries,
whose HPI values had not been calculated, were
excluded from HDI calculations and 1 country, whose
HDI value had not been calculated, was excluded
from HPI calculations. As a result, the data of 150
countries were used in the analysis.

2. Data Sets and Method

This study is based on Human Development Index
(HPI), which is a part of the Human Development
Report (HDR) published by UNDP, and Happy Planet
Index (HPI). Thus, the link between the sub-indices
composing HDI -Life Expectancy at Birth (LEB),
Mean Years of Schooling (MYS), Gross National
Income (GNI)- and the sub-indices composing HPI-
Well-Being (WB), Happy Life Years (HLY) and
Footprint (FP)- was analyzed. The data are retrieved
from UNDP’s 2012 data. The data of the 150
countries examined in this study are attached to this
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study. The variables which were subject to the
analysis can be defined as follows:

Human Development Index (HDI): A composite
index measuring average achievement in three basic
dimensions of human development—a long and
healthy life, knowledge and a decent standard of
living.

Life expectancy at birth (LEB): Number of years
a newborn infant could expect to live if prevailing
patterns of age-specific mortality rates at the time of
birth stay the same throughout the infant’s life.

Mean years of schooling (MYS): Average number
of years of education received by people aged 25 and
older, converted from education attainment levels
using official durations of each level.

Gross national income (GNI) per capita:
Aggregate income of an economy generated by its
production and its ownership of factors of production,
less the incomes paid for the use of factors of
production owned by the rest of the world, converted
to international dollars using PPP rates, divided by
midyear population.

Happy Planet Index (HPI): Itis measured through
the number of Happy Life Years achieved per unit of
resource use. This is calculated approximately by
dividing Happy Life Years by Ecological Footprint.
(‘Approximately’ because there are some adjustments
to ensure that all three components — experienced
well-being, life expectancy and Ecological Footprint
— have equal variance so that no single component
dominates the overall Index).

Well-Being (WB): Experienced well-being is
assessed using a question called the ‘Ladder of Life’
from the Gallup World Poll.23 This asks respondents
to imagine a ladder, where O represents the worst
possible life and 10 the best possible life, and report
the step of the ladder they are currently standing on.

Happy Life Years (HLY): It has combined life
expectancy and experienced well-being in a variation
of an indicator called Happy Life Years, developed by
sociologist Ruut Veenhoven.

Footprint (FP): This is a measure of how much
land is available to produce the resources and services
whose consumption is measured by the Footprint.

Both the Ecological Footprint and bio capacity are
measured in terms of global hectares (g ha), which
represent a hectare of land with average productive
bio capacity.

2.1. Canonical Correlation Analysis (CCA)

The method which assesses the bilateral relation
between two variables (x and y) through Fey
correlation coefficient is called simple correlation
analysis. The method which assess the relations
between one dependent variable (y) and two or more
independent variables ( X;, X,,.......... X, ) is called
multiple correlation analysis. Developed by Hotelling
in 1936, CCA, however, can be defined as a
multivariate method which assesses the relation
between two sets of variables
(Xg, X yrererenne Xps Y1 Yaseereenens Y,) that include
two or more variables through linear combinations. In
canonical correlation, one linear combination with
maximum correlation and unit variance is obtained for
each set of variables. After that, independent of this
pair, another linear combination with maximum
correlation and unit variance is obtained. This
operation is continued until new linear combination
pairs are obtained in the same number as the number
of variables in the set with fewer variables (Tathdil,
2002: 217).

Most of the dependence methods are a special form
of CCA, which is a holistic method. 1f CCA has only
one dependent variable, CCA turns into multiple
regression analysis. In other words, CCA is the
generalized version of the multiple correlation
analysis used in multiple regron analysis (Johnson,
1998: 494). If only one dependent and independent
variable is used in the analysis, then it turns into
simple correlation analysis. If the dependent variables
are dummy variables representing multiple groups,
the analysis is reduced to multiple-group discriminant
analysis. If predictor variables are dummy variables
representing the groups formed by various factors, the
analysis is reduced to “MANOVA analysis” (Sharma,
1996: 409).
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2.1.1. Covariance and Correlations of Data Sets

The shared data matrix of X(1) and X(2) sets will
be a matrix of n serial and p+q column (p < q) based
on the assumption that there is an X(1) data matrix
with p variables (px1) obtained out of n units and that
there is an X(2) data matrix with g variables (gx1).
X(1) w4, has an average vector and X, covariance
matrix, and , X(2) hasan u, average vectorand X,
covariance vector. The covariance vector between
X(1) and X(2) is calculated as follows:

2 =FE(X - - p)

(pra)e(pra)

[E(X@ - )X - x)

LE(X(2) - 1 )(X(2) - )

D>

11 12

axmgxmamf}

E(X(2) - 1 )(X(2) - p)’

®)
(Johnson & Wichern, 1998: 588). In Equation one,
px p refers to the covariance matrix of the variables
in 2,; X(1) set; pxq refers to the covariance matrix

of the variables in X,, =X, X(1) and X(2) sets and
g x g refers to the covariance matrix of the variables

in 2,, X(2) set. Similarly, the correlation matrix of
the variables in X(1) is 211 while the correlation

matrix of variables in X(2) set is £, . As to the
correlation matrix of the variables in X(1) and X(2), it
is X, =Z,,. Therefore, it is possible to calculate
1/2p@-p) correlations in  X(1), 1/2q9(1-q)
correlations in X(2) and pxq correlations between
the two sets. Instead of interpreting these correlations,
CCA aims to measure the relation between the
variable sets by explaining pxq elements with fewer
elements. To this end, two new variables are
calculated for each set. These variables, which are
called canonical variables, are calculated through
linear combinations. It is through these variables that

the canonical correlations are between the variables of
the two sets are calculated (Ozdamar, 2004: 424).
Thus, CCA focuses on the correlation between the
linear combinations of the variable sets in question
(Johnson & Wichern, 1998: 587).

2.1.2. Canonic Variables and Canonical
Correlations

The two sets of variables in question can be
expressed with variables called canonical variables in
linear combinations:

V =a' XQ1); W =b" X(@2) (6)

In Equation 2, a and b refer to coefficient vectors.
The variance and covariance of V and W canonical
variables are as follows:

Var(V)=a'CovX(l)a=a'%, a 7

Var(W)=b"CovX(2)b=b"Z,, b (8)
Var(V, W) =a' Cov (X(1), X(2)b=a"=,b (9)

The canonical correlation between V and W
canonical variables is calculated as follows:
a'z. b

J@'z, a) 'z, b)

r(v, W) = (10)

To maximize the correlations between V and W
canonical variables, it is necessary to find the
correlation coefficient in which a and b coefficient
numbers are maximum. Canonical variable pairs
which have unit variance are the values that maximize
the correlation. The correlation between each
canonical variable pair is called canonical correlation.
The maximum number of canonical variable pairs that
can be produced in CCA is equal to the lower of the
variables (k=min(p, q)) in the two variable set
(Yildirim et al., 2011: 9).
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2.1.3. The Importance of Canonical Correlations

Since one of the objectives of CCA is dimension
reduction, it is necessary to identify how many of the
canonical variable pairs are important. In other words,
itis required to identify how many variable groups can
be used. Therefore, before interpreting the canonical
variables and canonical correlations, it is required to
determine their statistical significance (Sharma, 1996:
402).

Although there are so many methods used to this
end, the most common two methods are Wilks’
Lambda (Wilks’ A ) and Roy’s Eigenvalue, which are
also known as Bartlett test. In Roy’s Eigenvalue,
which is based on the graphics developed by Heck,
the graphics cannot be found in all sources and the
critical values obtained from the graphics are not
definite but approximate. Because of this, this
technique is not so common (Tathdil, 2002: 227).

The most popular technique used for determining
statistical significance is Wilks’ Lambda. In this
technique, in order to determine how many of the
canonical correlation pairs can be considered
significant, the following hypotheses are tested:

H:2,=0 veya p=p,=..=p =0

H, : Enazbirp #0

If the null hypothesis is rejected, the biggest
coefficient is excluded from the hypothesis. These
operations are repeated until the null hypothesis is
accepted. Wilks” A test statistics used in the test is
calculated as follows:

p
A=TI(L-r?) (11)
i=
L test is calculated using this coefficient:
L=-[n-1-1/2 (p+q+D)] InA (12

L testshowsa y° distribution with pxq degrees

of freedom. In Equation 6, n refers to sample size; p
refers to the number of variables in the first set; q

refers to the number of variables in the second set; I

refers to canonical correlations and k refers to the
number of canonical correlations (k=min(p, q)). If L
test statistics is found significant when compared to

;((prq;a) value, in other words if the null hypothesis is

rejected, the biggest canonical correlation is excluded
from the test and the test is repeated with other
canonical correlations (Ozdamar, 2004: 430). In this
situation, Wilks’ A test statistics for i=2, 3,...,p is as
follows:

A, = fg(l— K’ (13)

L, test statistics
L =-[n-1-1/2 (p+q+D] InA, (14)

shows y* distribution with

(P-Dx(q-1)
degrees of freedom. These operations are repeated

until an insignificant L value is obtained. The
significance of L, statistics should without doubt be

assessed based on the critical values of ;(2

distribution with (p-1)x(q-1) degrees of freedom.
2.1.4. Redundancy Analysis

Even small canonical correlations might be
significant for large sample sizes. Besides, large
canonical correlations might not always mean that the
correlation between the variable sets is strong. The
reason for this is that canonical correlation maximizes
the correlation between the linear composites of
variable sets rather than the amount of the variance
explained by another variables set. Therefore, in order
to determine the level at which a variable set is
explained by another variable set, the redundancy
measure (RM) suggested by Stewart and Love (1968)
was used (Sharma, 1996: 404-405). RM can be
calculated for each canonical correlation. RM is
calculated in two steps in order to understand at what
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level the X (1) variables can explain the X(2)
variables for RM

v

i. canonical relation p, .

V. value, which shows the average variance
explication amount in X(2) variables and which is
equal to the average of the squared loadings of X(2)
variables, can be calculated as follows:

AV (X (2)/V) =Zq:|_fj /q (15)

AV (X(2)/V) in Equation 15 shows the average
variance explained by V, canonical variable in X(2)
variables and L shows j. canonical loading of the
X(2) variables on i. canonical variables. o’ gives us

the shared variance between V, and W canonical

variables. Therefore, based on average variance and
shared variance, RM is calculated as follows:

RM,, = AV(X(2)IV)xp’ (16)

3. Results

In this study, in which primary data were used, the
sub-indices of HDI were accepted as the first set while
the sub-indices of HPI were accepted as the second
set. In this part of the study, the canonical relation
between the sets in question was examined. The data
included in the analysis can be seen in Appendix 1.
The descriptive statistical values calculated for the
variables in the first stage are summarized in Table 1.

Table 1. Descriptive Statistics for the Variables

Mean Std. Dev. Minimum Maximum Range
HDI 0.69 0.16 0.33 0.94 0.61
LEB 70.77 8.99 45.60 83.60 38.00
MYS  8.03 3.15 1.30 12.90 11.60
GNI 44.59 135.60 1.01 873.00 871.99
HPI 42.34 9.08 22.60 64.00 41.40
WB 541 117 2.80 7.80 5.00
HLY 45.61 11.61 24.30 66.50 42.20
FP 3.05 2.16 0.54 11.68 11.14

According to the findings, in the countries
included in the study, Life Expectancy at Birth (LEB)
is mean 70.77 year, Mean Years of Schooling (MYS)
is mean 8.03 year, Gross National Income (GNI) per
capita is mean 44.59 $, Well-Being (0-10) (WB) is
mean 5.41, Happy Life Years (HLY) is mean 45.61
and Footprint (FP) is 3.05 gha/capita. It is striking that
the standard deviation and range values of GNI, HLY
and LEB variables are high. These show that GNI,
HLY and LEB might greatly change from country to
country. The countries included in the study are
classified in four groups as very high human
development, high human development, medium
human development and low human development
based on their HDI and HPI values. Given that, the
findings are compatible with the expectations. HDI
scores are in 0-1 range and HPI scores are in 0-100
range. In our country, the value for HDI is 0.759 and
the value for HP1 is 47.6. Turkey ranks 69" in the HDI
list of 187 countries and is, thus, included in the high
development group. In HPI list of 151 countries,
however, it ranks 44,

Before canonical analyses, the correlation link
between the sets was examined and the findings are
given in Table 2. The sets are expected to produce
meaningful correlations within themselves.

Table 2. The Correlations between the Sub-Indices of HDI
and HPI Variables

HDI (Human Development Index) HPI (Happy Planet Index)

LEB MYS GNI WB HLY FP
LEB 10000 07610* 02606*
MYS  07610* 10000 02408*
GNI  -02606* 0.2403* 10000
WB 10000 09358*  06714*
HLY 09358* 10000 0.7038*
2 06714* 0703 10000

*Correlation is significant at the 0.01 level (2-tailed).

Table 2 shows that there are meaningful
correlations at 0.01 significance level between the
sub-indices of HDI and HPI variable, which is in line
with the expectations. As it can be seen in the table,
the correlations can be both negative and positive.
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Table 3. Correlations Between HDI and HPI Variable Sets

HDI (Human Development ~ HPI (Happy Planet

Index) Index)
LEB MYS GNI WB HLY FP
LEB 10000
MYS  07610%* 10000
GNI 02606** 02408+ 10000
wWB 07176 0BAG** 0120 10000
HLY 090 07513 Q1%2*  0988* 10000
P 06116™*  06274** 00397 06714** 07038* 1000

**Correlation is significant at the 0.01 level (2-tailed).

*Correlation is significant at the 0.05 level (2-tailed).

The correlations between the sets can be seen in
Table 3. According to the findings, there are
meaningful and positive relations between the
variable LEB and variables WB, HLY and FP and also
between the variable MYS and variables WB, HLY
and FP. While there is no meaningful relation between
the variable GNI and variables WB and FP, there is a
meaningful and negative relation between the variable
GNI and the variable HLY.

Table 4. Canonical Correlations between HDI and HPI
Variable Sets

Canonical

Correlations Wilk's Lambda Chi-Square df Sig.

0.968 0.055 422.292 9.000 0.000
0.344 0.882 18.297 4.000 0.001
0.010 1.000 0.014 1.000 0.907

While determining the number of canonical
correlations to be calculated, the number of the
variables in each set is taken into consideration. The
minimum number of variables in the sets gives us the
maximum number of canonical correlations (k=min
(p, 9)). Because there are three variables in both sets,
there are three canonical correlations. In order to
interpret the canonical correlations, first the
significance of the coefficients needs to be tested. The

findings related to Wilk's Lambda approach to be used
for this purpose and the canonical correlations already
calculated are summarized in Table 4. Given the
values in the table, it can be said that the first and
second canonical correlations are statistically
meaningful at 0.01 significance level.

Table 5. Redundancy Analysis

Proportion of Explained Variance Proportion of Explained Variance

of HDI of HPI

by its own by opposite by its own by opposite
canonical canonical canonical canonical
variable variable variable variable

CVl-l 0561 CV1-1 0526 CV2-1 0616 CV2-1 0578
CVv1l-2 0157 CV1-2 0018 CV2-2 0245 CV2-2 0.029
CVv1l-3 0283 CV1-3 0.000 CV2-3 0.139 CV2-3 0.000

Before interpreting canonical correlations and
canonical variables, their significance needs to be
tested. In addition to this, a redundancy analysis is
recommended in order to determine how well a
variable set is explained by the other as mentioned in
CCA. The results of the redundancy analysis are given
in Table 5. According to the table, the CV1-1
canonical variable explains 56.1% of the total
variance in the first set whereas the CV2-1 canonical
variable explains 61.6 % of the total variance in the
second set. Besides, the CV1-1 canonical variable
explains 52.6% of the total variance of the variables
in the second set while the CV1-2 canonical variable
explains 1,8% of the total variance of the variables in
the second set. CV2-1 canonical variable explains
57.8% of the total variance of the variables in the first
set while the CV2-2 canonical variable explains 2.9%
of the total variance in the first set. These findings
mean that the first canonical correlation coefficient is
meaningful both in statistical and practical terms.
However, although the second canonical correlation
coefficient is found to be statistically meaningful, it is
understood to be more meaningful in practical terms
compared to Table 5. Therefore, it was decided to
take into consideration only the first of the three
canonical variable pairs.
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Table 6. Canonical Loadings for HDI

Canonical Loadings Cross Loadings

Cvl-l CV1-2 CVv13 CV1-1l CvVi-2 CVi3

LEB -0.999 0.049 0.008 -0.967 0.017 0.000
MYS -0.790 -0.524 -0.319 -0.765 -0.180 -0.003
GNI 0.246 -044 0864 0.239 -0.151 0.008

As it is the case with conceptually meaningful
factors generated with factor analysis and the
discriminant functions produced in discriminant
analysis, the canonical variables generated with CCA
can also be interpreted. It is possible to comment on
the canonical variables found to have statistical and
practical ~ significance. Canonical coefficients,
canonical loadings and cross canonical loadings,
which have been standardized for this purpose, can be
used. In interpreting, cross canonical loadings is used
the most (Hair et al., 1998: 454).

Table 7. Canonical Loadings for HPI

Canonical Loadings Cross Loadings

Cv2-1 Cv2-2 CV2-3 CV2-1 CV2-2 CV23

WB -0.748 -0.371 -055 -0.725 -0.128 -0.005
HLY  -0.934 -0.199 -0.296 -0.905 -0.068 -0.003
FP -0.645 -0.747 0.161 -0.625 -0.257 0.002

The correlations calculated between the canonical
variables which are also called canonical loadings and
which are produced through variables can be seen in
Table 6 and 7. Table 6 shows that the correlation
between the canonical variable CV1-1 and variables
LEB, MYS are GNI are respectively -0.999, -0.790
and 0.246. Table 7 shows that the correlation between
the canonical variable CV2-1, which is produced for
HPI variables, and variables WB, HLY and FP are
respectively -0.748, -0.934 and -0.645. An
examination of canonical loadings and cross
canonical loadings reveals that the most important
variables to define the variable CV1-1 are
respectively LEB, MYS and GNI while the most
important variables to define the variable CV2-1 are
respectively HLY, WB and FP. Based on these
findings, it was decided to name the canonical

variable CV1-1 as LEB and the canonical variable
CV2-1as HLY.

4. Conclusions

This study looked into the link between HDI and
HPI indices in the Human Development Report. To
this end, the sub-indices of the related variables were
taken into consideration and the CCA technique was
applied to the data. At the first stage, the correlations
within the sets themselves were examined and it was
observed that the variables in both sets produced
meaningful correlations within themselves, which
was in parallel with the expectations. Second, the
correlations between the sets were calculated and it
was seen that there was a meaningful and positive
relation between the variable LEB and variables WB,
HLY and FP as well as the variable MYS and
variables WB, HLY and FP. Moreover, no meaningful
relation was found between the variable GNI and
variables WB and FP, but a meaningful and negative
relation was found between GNI and HLY. Based on
these findings, it can be deduced that if there is an
increase in Life Expectancy at Birth (LEB) and Mean
Years of Schooling (MYS) in the related countries,
there will also be an increase in the Well-Being (WB),
Happy Life Years (HLY) and Footprint (FP)
variables. Likewise, there is no meaningful relation
between the Gross National Income (GNI) and the
levels of WB and FP. It has also been found that any
increase in GNI would decrease HLY.

Three canonical correlation coefficients were
calculated between HDI and HPI sets. The first two of
these coefficients were found to be at 0.01
significance level. Yet, after the statistical and
practical meaning of the coefficients was tested, it was
found to be sufficient to interpret only the first
coefficient. The analysis has revealed that there is a
quite strong canonical relation between HDI and HPI
sets, which is at 96.8% significance level.

An examination of canonical loadings and cross
canonical loadings shows that the most important
variables to define CV1-1 variable are respectively
LEB, MYS and GNI while the most important
variables to define CV2-1 are respectively HLY, WB
and FP. According to these results, CV1-1 is called
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Life Expectancy at Birth (LEB) and CV2-1 canonical
variable is called Happy Life Years (HLY).

Redundancy analysis reveals that 56.1% of the
total variance of the variables defining Life
Expectancy at Birth (LEB) is explained by its own
canonical variable and its 52.6% is explained by
Happy Life Years (HLY). Similarly, 61.6% of the
total variance of the variables defining Happy Life
Years (HLY) is explained by its own canonical
variable while its 57.8% is explained by Life
Expectancy at Birth (LEB). Thus, it can be said that in
both canonical variables, approximately 50% of the
total variance is explained by the cross variable.

An overall examination of the data shows that there
is a strong relation between HDI and HPI variables of
the countries included in this study. It is observed that
there is a positive relation between the development
and happiness levels of the countries. The variables
which contribute most to this relation are Life
Expectancy at Birth (LEB) and Happy Life Years
(HLY).
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TURKIYE'DE KALKINMA AJANSI BOLGELERININ BAZI
SOSYOEKONOMIK GOSTERGELER BAKIMINDAN
FAKTOR ANALIZI iLE DEGERLENDIRILMESI

Ozet

Bu calismanin asil amaci, Tiirkiye’de illerin sosyoekonomik gelismislik diizeyini belirlemek i¢in dénem dénem yapilan
caligmalar1 kalkinma ajansi bolgelerine gére giincellemektir. {llerin bireysel olarak incelenmesi yerine kalkinma ajanslarinim
tek bir idari bolge olarak diisiiniiliip ele alinmasinin bolgeler arasi gelismislik seviyelerini daha iyi agiklayacag
diistiniilmektedir. Béylece ayn1 bdlgedeki bir ilin gelismislik seviyesi artsa bile diger illerde bdyle bir gelisme s6z konusu
degilse, bolgenin gelismekte oldugu ve kalkinma ajansinin dogru politikalar izledigi yoniindeki iddialarin dogrulugu
tartisilabilir olacaktir. Bu amagla kalkinma ajanslar1 kapsaminda yer alan illere ait baz1 sosyoekonomik gostergelerden
yararlanarak her bir kalkinma ajansi bélgesi i¢in s6z konusu gostergelere ait toplam degerler bulunduktan sonra, elde edilen
cok degiskenli veri yapist Cok degiskenli istatistiksel analizlerden Faktor analizi kullanilarak kalkinma ajansi bolgeleri

degerlendirilmistir.

Anahtar Kelimeler : Sosyo-Ekonomik Gelismislik, Faktor Analizi, Kalkinma Ajans

Jel Kodu : CO1

1. Introduction

Statistical Region Units Classification (SRUC) is
defined in Turkey according to the criterion of NUTS
which is EU regional classification method and it is
put into practice in 2002. SRUC aims making
analyses of socioeconomic of regions and generating
comparable data with the European United (EU) for
reduction of difference development among regions.
SRUC consists of three levels. Firstly, in conformity
with governmental structure 81 cities are defined as
regional units in level 3. 26 regions are defined as
region units in level 2 by considering population with
forming a group of cities which are similar in terms of
economic, social, cultural and geographic manners.
According to the same criteria, 12 regions are defined
as region units in level 1 with forming a group of 26
regions (Url-1).

In 2006, the development agencies were
established depending on State Planning Organization
within adjustment laws to the European Union. There
are 26 development agencies at present day and each
of them corresponds to 26 statistical regions in level
2. These development agencies aim to accelerate
regional development.

The actual aim of this paper is to update the
periodic studies on defining social-economic
development levels of cities in Turkey according to
established development agencies. It is believed that
considering the development agencies as a one
administrative authority would define levels of
developments of regions better than considering the
cities one by one as an individual. For doing this total
values of development agencies of considered regions
are found in the manner of their leading
socioeconomic indicators and then development
agencies regions will be interpreted by using Factor
Analysis.

2. Methods

One of multivariate statistical analysis methods,
factor analysis, is used in this study. In factor analysis,
it is represented that the variables x;,x,, ..., x, as
linear combinations of a few random variables
fi far o, fm(m < p) called factors. The factors are
underlying constructs or latent variables that generate
the x’s. Like the original variables, the factors vary
from individual to individual; but unlike the variables,
the factors cannot be measured or observed. If the
original variables x,, x,, ..., x,, are at least moderately
correlated, the basic dimensionality of the system is
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less than p. The goal of factor analysis is to reduce the
redundancy among the variables by using a smaller
number of factors (Rencher, 2002).

In factor analysis both the standardized variables
and the original variables can be used. X (pxn) and Z
(pxn) are defined as the original data matrix and
standardized data matrix, respectively. It is benefited
from covariance matrix when original data matrix (X)
is used in analysis but the correlation matrix should be
employed when standardized data matrix (Z) is used.
These cases might give strongly different results.
Measure unit is the most important criterion on the
selecting the matrix type. If the measure units and
variances of the variables are close enough,
covariance matrix is used; otherwise correlation
matrix is used (Tathdil, 2002).

The model of factor analysis with Z (pxn) which
is derived from X (pxn) original data matrix is
denoted as;

Z]' = a]1f1++a]mfm+b]u],] = 1,...,p (1)

Where

a;, : Factor loading of j,, the variable on my,
factor

fm: M, Common factor

u; : Specific factor

b;: Coefficient concerning specific factor.

This model is also defined as in matrix notation;

Z = AF + BU (2)

where

Z: Standardized data matrix (pxn)

A: Factor loadings matrix (pxm)

F: Factor matrix (mxn)

U: Specific factor matrix (pxn)

B: Diagonal coefficients matrix (pxp).

The actual aim of analysis is to obtain the A =
(ajm) matrix (Tathdil, 2002).

Itis known that the variance of variable z; in (1) is
1. The proportion which is explained by factors of this
variance is called as communality and equals to sum
of squares of factor loadings related to the variable.
The proportion which cannot be explained by factors
of this variance is named as specific variance and

denoted as bjz. Thus equality (3) can be written in the
following form:

Var(z)=ah + -+ afy +bAj=1..,p

-
1= h? + b/ ®)

where

h} ; Communality

b}; Specific variance

In factor analysis one of the important issues is to
determine the proper numbers of factors. There are
many various criteria in this subject.

The Criterion of Kaiser: The number of
eigenvalues which are higher than 1 of correlation
matrix is regarded as numbers of factors. This
criterion is used commonly in many fields.

Catell Scree Test (Scree Plot): In this method,
catell scree plot is drawn so that the number of
component (factor) as 1,2,...,p are in the x-axis and
eigenvalue are in the y axis. This plot shows
decreasing eigenvalue while the numbers of
component (factor) increase. In the plot, the number
of component reflecting of point which slope loses is
regarded as numbers of factors.

The Criterion of Explained Variance: When the
total variance which is explained by eigenvalues is at
least %80, the number of eigenvalues is defined as
numbers of factors. Some references determine that
this rate must be at least 2/3 (%67).

The criterion of Joliffe: The number of the
eigenvalues which are 0.70 or greater than 0.70 is
regarded as numbers of factors (Ozdamar, 2004).

Finally, factor scores can be obtained. Factor
scores are the values of estimation of each unit
according to common factor structures. In each factor
structure  (for F,,F,, .. ,F, ) all variables
(Xjorzj,j=12,..,p) take part with different
weights.  While some of these variables play a
significant role to define a factor, others don’t.
Common factor scores of all variables can be
calculated by using factor loadings according to factor
structure. The factor scores of i — th unit are denoted
as:

fi=A@A Mz, i=12,..,n 4

Thus the matrix of factor scores can be obtained as

F=[fi,fo ", fn J: mxn.
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3. Application

For the purpose of evaluating the development
differences among the regions, some of the
socioeconomic indicators of the cities of which take
part in Development Agencies are used. The
development agency regions are evaluated by
applying factor analysis, after the values of considered
indicators for each of development agencies is
calculated. In this application 19 variables are used
and these are shown in Table 2.

Table 1. KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling

Adequacy. 0.746
Approx. Chi-Square  1040.66
Bartlett's Test of Sphericity df 171
Sig .000

Factor loadings which are shown in Table 2 have
an important cognitive content. Each column
expresses weight of each variable in factors. On the
other hand, each row expresses the relation of each
variable with each factor.

Note that, the first 9 variables concentrate on 1th
factor, second 8 variables on 2th factor and the rest of
variables on 3th factor.

First factor is called as “socioeconomic
development factor resting on the power of financial”
by regarding the content of variables having high
factor loading. Similarly, second factor is called as
“the power factor of population and employment” and
third factor is called as “the power factor of business”.

Factor analysis assumes that the correlations
among the variables are caused by common factors.
Moreover a big part of correlations among variables
emerges due to impact of only one factor. This factor
is called as “general causal factor” in literature
(Albayrak, 2003). In this survey, it is assumed that
there is a general causal factor which effects to all
indicators and causes the interaction of indicators. To
sum up, general causal factor is the levels of
socioeconomic development of regions.

From this point of view, 1st factor which has the
greatest eigenvalue and the rate of variance explaining

is taken as general causal factor. The factor scores
which calculated according to first factor are
considered as socioeconomic development index of
regions and regions are sorted according to the value
of index. Results are shown in Table 3.

Table 2. Factor Loadings

The Variables 1 2 3
Population density 984 .007 .001
The share of region’s export over 985 .029 .106
Turkey
The amount of export per capita 757  .075 517
The share of companies of 986 116 .057
manufacturing industry over Turkey
The share of total capital of newly 986  .043 -.048
established companies over Turkey
The number of foreign capitalized .983 .060 -.087
companies per ten thousand people
Trademark application number per 903 225 185
hundred thousand people
The share of bank loans in the region 991 .090 -.015
over Turkey
The tax income share of the region 971  .081 .106
over Turkey
The number of live births per -109 | - -.139
thousand women (ages between 15- .956
49)
The rate of economically dependent -073 | - -132
population (ages between 0-14) .959
The rate of literacy .087 | .820 .353
The rate of lettered women 160 | .834 332
population over total population
The rate of secondary education 151 | 923  .289

schooling

The rate of working young population  .259 | .906 .247
over total population

The rate of working population -053 = .923 .038
having health insurance (SGK) over

total population

The employment rate -.056 = .828 -.127

The rate into employment with SGK 183  .288 = .861
of the employment in manufacturing
industry

The consumption of electric in -.098 .373 @ .831

manufacturing industry per capita
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4, Conclusion

In the result of study, the most developed regions
are TR10 (Istanbul), TR51 (Ankara), TR31 (izmir),
TR42 (Kocaeli, Sakarya, Diizce, Bolu, Yalova), TR41
(Bursa, Eskisehir, Bilecik), respectively. The values
of socioeconomic development index are obtained as
negative except these five most developed regions.
Contrary to common belief, the region of TRC3
(Mardin, Batman, Sirnak, Siirt) is 10th and the region
of TRC2 (Sanlurfa, Diyarbakir) is 11th. Thus, these
regions take part in the first %50. It is believed that
this case is caused with the investments made to
regions in the last years. The last region is also TR81
(Zonguldak, Karabiik, Bartin).

Table 3. The ranking of socioeconomic development of regions

Region The Cities in Region Index
Code

1 TRI10 Istanbul 4.746

2 TR51 Ankara 0.514

3 TR31  Izmir 0.306

4  TR42 Kocaeli, Sakarya, Diizce, Bolu, (.165
Yalova

5 TR41 Bursa, Eskisehir, Bilecik 0.115

6 TRC1  Gaziantep, Adiyaman, Kilis -0.008

7 TR62 Adana, Mersin -0.037

8 TR61 Antalya, Isparta, Burdur -0.037

9 TR32 Aydin, Denizli, Mugla -0.120

10 TRC3 Mardin, Batman, Sirnak, Siirt -0177

11 TRC2 Sanlwrfa, Diyarbakir -0.187

12 TR52 Konya, Karaman -0.199

13 TR33 Manisa, Afyonkarahisar, -0.256
Kiitahya, Usak

14 TR90 Trabzon, Ordu, Giresun, Rize, -0.280
Artvin, Giimiishane

15 TR72 Kayseri, Sivas, Yozgat -0.286

16 TRB2 Van, Mus, Bitlis, Hakkari -0.299

17 TR63 Hatay, Kahramanmaras, -0.303
Osmaniye

18 TR83 Samsun, Tokat, Corum, -0.312

Region The Cities in Region Index
Code
Amasya
19 TRA2 Agr1, Kars, Igdir, Ardahan -0.330
20 TRA1  Erzurum, Erzincan, Bayburt -0.347
21 TRB1 Malatya, Elazig, Bingol, -0.357
Tunceli
22 TR71 Kirikkale, Aksaray, Nigde, -0.371
Nevsehir, Kirsehir
23 TR22 Balikesir, Canakkale -0.407
24  TR82 Kastamonu, Cankari, Sinop -0.463
25 TR21 Tekirdag, Edirne, Kirklareli -0.524
26 TR81 Zonguldak, Karabiik, Bartin -0.538

As the aim of this study, some interesting results
gained. When the 19 variables and methodology used
in sorting of regions are applied for 81 cities, different
results are occurred. These results are given in Table
4. For example; Kayseri is 14th in the ranking of
socioeconomic development according to cities and it
take part in the first %20. But, the region of TR72
(Kayseri, Sivas, Yozgat) is 15th in the ranking of
socioeconomic development according to regions and
it take part in the first %60. As a result, if the
socioeconomic development is only examined
according to cities, fallacious results can be obtained
for the establishments which aim regional
development.

In its the last study the Ministry of Development
has investigated development of regions (Url-2). In
this study any indicator value of region is the weighted
arithmetic mean of the indicator values of the cities in
the region. The populations of cities are used as
weight. However, it is known that this method does
not give true value of regions for some variables.

The Development Agencies deal with aims which
strive to develop regions and reduce of development
difference among regions. In the future, in the
socioeconomic development index studies, it is
considered that the socioeconomic development of
regions must be also researched besides that of cities
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Table 4. The ranking of socioeconomic development of cities
Order City Index Order City Index Order City Index
1 Istanbul 8.549 28 Bitlis -0.090 55 Isparta -0.223
2 Ankara 1.259 29 Samsun -0.094 56 Kiitahya -0.231
3 Izmir 0.985 30 Mus -0.105 57 Ardahan -0.238
4 Kocaeli 0.567 31 Eskigehir -0.141 58 Amasya -0.248
5 Bursa 0.506 32 Kilis -0.141 59 Bayburt -0.255
6 Antalya 0.506 33 Balikesir -0.143 60 Gilimiighan -0.258
e
7 Gaziantep 0.373 34 Adiyaman -0.145 61 Zonguldak -0.261
8 Adana 0.196 35 Hakkari -0.153 62 Nigde -0.269
9 Konya 0.096 36 Afyonkara -0.162 63 Yozgat -0.277
hisar
10 Mersin 0.067 37 Erzurum -0.165 64 Bartin -0.278
11 Mugla 0.050 38 Bingol -0.166 65 Edirne -0.280
12 Sanliurfa 0.035 39 Ordu -0.171 66 Bolu -0.281
13 Denizli 0.015 40 Kahraman -0.173 67 Kastamonu -0.284
maras
14 Kayseri 0.009 41 Malatya -0.176 68 Osmaniye -0.285
15 Hatay 0.006 42 Erzincan -0.180 69 Tekirdag -0.286
16 Sirnak 0.005 43 Kars -0.184 70 Artvin -0.287
17 Diyarbakir -0.003 44 Yalova -0.192 71 Cankir -0.291
18 Trabzon -0.035 45 Karaman -0.193 72 Kirikkale -0.297
19 Mardin -0.035 46 Nevsehir -0.195 73 Sinop -0.298
20 Igdir -0.039 47 Rize -0.200 74 Usak -0.307
21 Sakarya -0.043 48 Elazig -0.201 75 Kirsehir -0.319
22 Van -0.049 49 Sivas -0.209 76 Tunceli -0.323
23 Agr -0.056 50 Corum -0.212 77 Karabiik -0.335
24 Batman -0.067 51 Diizce -0.217 78 Burdur -0.342
25 Siirt -0.068 52 Tokat -0.218 79 Canakkale -0.359
26 Manisa -0.082 53 Aksaray -0.220 80 Kirklareli -0.417
27 Aydin -0.083 54 Giresun -0.222 81 Bilecik -0.459
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Ozet

Giiniimiizde modern diinyanin en kritik unsuru baglant: kurmaktir. Ulkelerin gelisiminde ve kiiresel ekonomik biiyiimenin
stirdiiriilmesinde en kritik 6neme sahip sektorlerden biride, hi¢ kuskusuz bu baglantinin kurulmasini saglayan ve teknolojik
yeniliklerin en hizli hayata ge¢irildigi havacilik sektoriidiir.

Bu calismada Tiirkiye’deki 1970-2013 yillari aras1 havayolu ile taginan yolcu sayilarina ait verilerin temel zaman serileri
analizleri kullanilarak serinin gosterdigi davranislar analiz edilmeye calisilmustir. Ozellikle 2000°1i yillardan sonra devlet
tesvikleri ve kanun degisikleri ile hayata gegen uygulamalarin sektor {izerinde nasil bir etkisi oldugunun anlasilmasi igin
yapisal kirllma testi olarak da bilinen Chow’un Yapisal Kirilma (Chow’s Break Point Test) testi uygulanmistir. Analizler
sonucunda o6zellikle 2001 yilindaki kanun degisikliginden sonra serinin trendinin arttigi bu durumda seride yapisal bir
kirilmaya sebep oldugu tespit edilmistir...
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THE RESEARCH EFFECTS OF LAW CHANGES AT AIR
TRANSPORTATION ON AIR PASSANGER CARRIES FOR
TURKEY

Abstract

Nowadays, the most critical element of modern world is to establish connection. The most critical sector of country
development and sustaining global economic growth is undouble aviation industry which is applied technological
innovations in the fastest way and provides establishing these connections.

In this article, firstly the air passengers numbers between1970 to 2013 try to analysis by the diagnostic time series analysis.
After that, it has been researched that the law changes are really effect air transport sector. For testing this situation Chow’s

Breakpoint test has been chosen.

After analysis shown that law changes in 2001 really effect that Turkeys air passengers numbers than its cause to appear a

break point in time series..

Keywords : dirline transport, Time Series Analysis Box&Jenkins Methods, Chow’s Break Point Test

Jel Code : C01, C20, C50, C51

1. GIRIS

Gliniimiizde havayolu tasimaciligi; hizla gelisen
teknolojik gelismelerinde neticesinde en giivenli, en
etkin ve en konforlu ulagim araglarindan biri haline
gelmistir. Bunun sonucunda uzak yerlere yolculuklar
daha kisa siirede gerceklesmekte ve bu insanliga hem
kdiltiirel alanda, kiiltiirlerin bir birleri ile daha kolay
etkilesimi agisindan ve hem de ticari agidan ¢ok
onemli avantajlar  saglamaktadir. Giderek
kiiresellesen bu diinyada su veya bu iilkenin vatandasi
olmanin &tesinde bir diinya vatandast olma agisindan
iizerinde yasanilan diinyanin herhangi bir noktasina
fazla zahmet c¢ekmeden wulasabilmek giiniimiiz
modern diinyasinin olmazsa olmazlarindan belki de
en onemlisidir. Bu ag¢idan hem ulasim hem hizlilik,
hem konfor ve hem de erkinlik agisindan insanliga
daha cazip hale gelmistir.

Havayolu tagimaciligi; gegen yilizyilin baglarindan
itibaren giinlimiizde devrim niteliginde ¢ok biiyiik
gelismelere  sahne olmustur. Gegen yiizyilin
baslarinda Avrupa kitasindan, Amerika kitasina ya da
uzak doguya yolculuklar gerek denizyolu gerekse
karayolu ile ger¢eklesmekte idi ve buda giinler alan
¢ok zahmetli bir isti. Cok zorunlu hallerin diginda bu
yolculuklara ¢ikan insan sayisi azdi. Ama giiniimiizde
havayolu tasimaciligi sayesinde farkli mekanlara
gitmek ve farkli kiiltiirleri tanimak oldukga

kolaylagsmis ve turizm olgusu bu baglamda biiyiik
ilerlemeler kaydetmistir.

Ozellikle iilkemizde 2001 yilinda yapilan kanun
degisikligi ile 6zel firmalarinda havayolu tasimacilig
sektoriine girmeleri ile havacilik sektoriinde tabiri
caizse bir devrim yasanmistir ve sivil havayolu
ulagimi bir sigrama goéstermistir. Bu c¢alismada da
kanun degisikligi sonrasi havayolu yolcu sayisinin
yapisal bir degisiklige gidip gitmedigi test edilecek ve
yillara gére serinin davraniglari temel zaman serileri
analizleri ile agiklanmaya galigilacaktir.

Yeni gelismeye baslayan bir sektdor olmasi
sebebiyle Tirkiye’de s6z konusu verilerin zaman
serileri analizi ile analiz edilmesi denemesi daha dnce
uygulanmamustir. Havacilik  sektoriinii - kapsayan
cesitli caligmalar olmasina ragmen bu ¢alisma, zaman
serileri analizi boyutunda ilk olma 6zelligini
tagimaktadir denebilir.

Calismanin Gzetle temel amaci 2001 yilindaki
kanun degisikliginin tasinan yolcu sayisinda bir
degisiklige sebep olup olmadiginin arastirilmasidir.

Tam olarak bu galismaya benzer olmasa da
havayolu sektorinde Ozellestirme ve kanun
degisikliklerinin etkisini arastiran bazi ¢aligmalar ise
sOyledir;

Yang vd. 2008, calismalarinda Cin’deki havayolu
0zellestirmelerinin havayolu tagimaciligi performansi
iizerine etkilerini  arastirmiglardir.  Caligmalari
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sonucunda, havayolu sektoriine yonelik olarak
yapilan 6zellestirmelerin bir doniim noktast oldugunu
belirtmislerdir. Ozel firmalarin piyasaya giris
yapmasinin  tagimacilikta her acidan Onemli
gelismelere imkan verdigini ve gerek yolcu gerekse
endiistriyel tasimacilifin yapilan 6zellestirmelerden
olumlu ydnde etkilendiklerini belirtmislerdir.

Oum vd. 2006, 6zel sektdre ait havayolu firmalari
ile devlete ait havayolu firmalarinin performanslarini
karsilagtiran bir ¢aligma yiirtitmiislerdir. Sadece 6zel
yapidaki ait havayolu sirketlerinin kar marjlarinin ve
performanslarinin, gerek sadece devlete ait gerekse
yar1 devlet yar1 6zel yapidaki firmalara oranla daha
yiikksek oldugu sonucuna basta ABD olmak iizere

bir¢ok iilkedeki sektorleri karsilagtirarak
ulagsmislardir.
Gerber 2002, c¢aligmasinda, hiikiimetlerin

havayolu sektoriine yonelik 6zellestirme durumlarini
incelemistir.  Gerber, yapilan veya yapilacak
ozellestirme ¢aligmalarinin 6ncelikli olarak havayolu
sirketleri ve igletmecilerine yonelik olmasi gerektigini
belirtmistir. Hava meydanlar1 ve havayolu sirketleri
arasindaki igbirliginin birincil kullanicilar tarafindan
onemine dikkat ¢eken Gerber, hava meydanlarindan
gelen gelirin hiikiimetler agisindan bir para politikasi
olsa da bunlarin isletme ve denetleme haklarinin 6zel
ve bagimsiz kurumlara verilmesi gerektigini
savunmustur.

Backx vd., 2002, calismalarinda devlet, 6zel ve
hem devlet hem 6zel sektor yapisina sahip havayolu
firmalariin performanslarini karsilastirmis havayolu
firmalarinda ki miilkiyet yapisinin ¢ok boyutlu olarak
sirket performanslarini etkiledigini tespit etmislerdir.
Ayrica ¢aligmalarinda yazi 6zel yari devlet miilkiyet
yapisina sahip havayolu firmalarmin
performanslarinin sadece devlete ait firmalardan daha
iyi fakat tamamen 6zel miilkiyete sahip firmalardan
daha kétii oldugunu bulmuslardir.

Lipovich, 2008, c¢aligmasinda  Arjantin’de
ozellikle 1990’11 yillardan sonra havayolu sektdriinde
meydana gelen biiylimenin nedenlerini arastirmig ve
caligmasi sonucunda yapilan biiyiik ¢apli yatirimlarin
ve kararlarin bu gelismede 6nemli rol oynadigini
belirtmis bunun {izerine gesitli ampirik uygulamalar
gergeklestirmistir.

Forsyth, 1984, monopol piyasalardaki endiistri ve
hizmet iretim durumlar ile oligopol piyasadaki
durumu karsilastirarak Ingiltere’de ki havayolu

... / Alphanumeric Journal, 3(1) (2015) 089-098

firmalar1 {izerine bir caligma gergeklestirmistir.
Caligmast sonucunda hiikiimetin tiim firmalar lizerine
olmasa da bazi firmalara diizenlemelerin getirilmesi
zorunlugundan bahsetmistir.

Hooper, 2002, Asya’daki havayolu
Ozellestirmelerinin durumu tizerinde durarak bir¢ok
iilkenin bu konuda ge¢ kaldigini belirtmistir. Bunun
altinda yatan sebepleri arastiran Hooper aym
zamandan havayolu 6zellestirmelerinin devletler ve
havaalanlar1 agisindan 6nemi {izerinde durmustur.

Bonilla, 2008, calismasinda devlete ait hava yolu
firmalar1 ile 6zel sektér firmalart arasinda
memnuniyete etki eden faktorleri g6z Oniinde
bulundurarak aradaki farkliliklar1 arastirmig ve
caligmasinin sonunda devlet kontroliinde ki havayolu
firmalarmi1  kullanan  misterilerin =~ 6zel  sektor
kuruluglarina ~ oranla  daha  diisik diizeyde
memnuniyete sahip olduklarini belirtmistir.

2. MATERYAL ve METOT

2.1. Tiirkiye’'de Havayolu Tasimaculiginin Diinii ve
Bugiinii

Tiirkiye’deki  havayolu yolcu tasimaciligini
incelemek i¢in aslinda seriyi 2001 oncesi ve 2001
sonrasi olmak iizere 2’ye bolmek gerekir. Ulagtirma
Bakanliginca hazirlanan ve Bagbakanlik¢a 11.4.2001
tarihinde Tiirkiye Biiyiik Millet Meclisi Bagkanligina
sunulan 26.04.2001 tarih ve 24384 Resmi Gazete
sayili, 4647 sayili Tirk Sivil Havacilik Kanununda
degisiklik  yapilmasi, 06zel sektor firmalarimin
havayolu sektoriine girigini tesvik etmis ve ozel
havayolu firmalarmnin sayis1 artmigtir. Bu sebeple s6z
konusu tarihin bir doniim noktas1 gibi diistintilmesi
gerekebilir ki nitekim bu ¢aligmanin amaci da s6z
konusu kanun degisikliginin etkilerini incelemektir.

Havayoluyla yapilan seyahatlerde 2002 6ncesinde
rekabetin olmamasindan dolay1 {icretlerin yiiksek
seyretmesi Tiirkiye’de bu alanin yeterince gelisme
gostermesini engellemistir. Ancak sonraki yillarda
yapilan yatirnmlarla Tiirkiye havacilik sektdriinde
onemli gelismeler olmustur. Aktif havaalani sayisinin
26’dan 52’ye ¢ikarilmasi, havayolu firmalarinin
sayisinin ve niteliginin artmasi, rekabet ortaminin
olugsmasi,  seyahat  maliyetlerindeki  diisme,
havalimanlarinin fiziki sartlarinin iyilestirilmesi gibi
faktorler sektore ivme kazandirmustir (Uastirma,
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Denizcilik ve Haberlesme Bakanligi Havacilik

Sektorii Raporu, 2013, 5,190).

iilkede havacilik sektoriinde kriz yasanirken, sirketler
kiigiilmeye giderken, Tiirkiye’de havacilik sektorii
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Sekil 2. 1970-2013 Yillar1 Aras1 Havayolu ile Tasina Yolcu Sayisi

Devlet Hava Meydanlar1 Isletmeciliginin (DHMI)
raporlarinda yer alan bilgilere gore Tiirkiye’de ki
havayolu ulagimma iligkin baz1 istatistikler ise
sOyledir;

Ulkemizdeki aktif havalimani sayis1 2003 yilinda
26 iken 2014 yilinda 53’e, i¢ hatlardaki yolcu sayist
2013’te 76,1 milyona, havayolunu kullanan toplam
yolcu sayist ise yaklasik 4 kat artarak 2013 yili
sonunda 150 milyona ulagsmigtir. 2014 yili Eyliil ay1
sonu itibartyla 129 milyon olan toplam yolcu
sayisinin 2014 yili sonunda yaklagik 170 milyona
ulagmas1 beklenmektedir.

Son 12 yilda havacilik diinyada yilda ortalama %
5 biiytirken, Tiirkiye’de % 14,5 seviyesinde
biliylimiistiir. Bircok gelismis ve gelismekte olan

bliyiimeyi siirdiirmektedir. Tiirkiye taginan ton*km
Olceginde 2003 yilinda diinya siralamasida 30 uncu
sirada iken 2013 yilinda 15 inci siraya, Avrupa’da ise
5 inci siraya yiikselmistir. 2013 yili i¢inde tasinan
toplam yolcu sayilarina gore rakamlar ise Sekil.1’de
verilmigtir.

Sekil.1 incelendiginde Tiirkiye’nin taginan toplam
yolcu sayisinda 2013 yili i¢inde diinyada 11.
Avrupa’da ise 5. siradadir.

Sekil.2, 1970-2013 yillar1 arasi yurti¢i hatlari
kullanarak  tasman  toplam  yolcu  sayisim
gostermektedir. Grafik incelendiginde d6zellikle 2001
yilinda degisen kanun sonrasi yolcu sayisinda 6nemli
bir artigin oldugu goriilebilir. Kanunun 2001 yilinda
¢ikmig olmasina ragmen Ozel sektor firmalarinin
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fizibilite ve kurulma siireleri de goz Oniinde
bulundurulursa 6zellikle 2004 yilindan sonra trendin
tamamen siddetli bir artis gosterdigi sdylenebilir.

Bu kapsamda bazi verilere basvurmak gerekirse
ornegin DHMI (Devlet Hava Meydanlar1 Isletmesi)
verilerine gore son 10 yilda ticari ugus sayist %196,
taginan yolcu sayist %280, ve tasinan kargo miktari

%126 artig gostermistir (www.dhmi.gov.tr).

2.2. Box&Jenkins Metodu

Box-Jenkins yontemi, tek degiskenli zaman
serilerinin ileriye doniik tahmininde kullanilan
yontemlerden  biridir.  Kisa ddénem  tahmin

yontembiliminin bu yeni ve basarali yontemi, esit
zaman araliklari ile elde edilen gézlem degerlerinden
meydana gelen kesikli ve duragan zaman serilerinin
ileriye doniik tahmin modellerinin kurulmasinda ve
tahminlerin ~ yapilmasinda  sistemli  yaklasim
gostermektedir. Esit zaman araliklar ile elde edilen
gozlem degerlerinden meydana gelen serinin kesikli
ve duragan olmasi Box-Jenkins ydnteminin dnemli
varsayimlaridir.

Genel ARIMA (p, d, g) modelinin ifadesi ise
sOyledir (Enders, 2004, s;67 );

Wi = QWeq + QW o+ ot QpWep +ap —

elat_l - ezat_z T eqat_q (1)
A: Fark alma operatorii d: Fark alma
derecesi (wt): Farki alinmus seridir

Eger birinci farklar (d = 1) seriyi duragan hale
getiriyorsa fark operatorii A’nin isleyisi;

AXt = Wi = Xi-Xt2 2)

seklinde gosterilir. 2 numarali denklemdeki bu
gosterim B operatoriinii kullanarak

AXt = Wi = Xe=Xe1 = (1-B)Xt (3)

gibi yazilir. Eger d’inci farklar seriyi duragan hale
getiriyorsa A fark alma operatoriiniin isleyisi 4
numarali denklemdeki gibi olacaktir;

AdXt =Wt = (1-8)2 Xt (4)

... / Alphanumeric Journal, 3(1) (2015) 089-098

2.3. Birim Kok Testleri

1. dereceden otoregresit AR(1) siirecini ele alalim.
Bu siire¢ asagidaki gibi ifade edilmektedir (Gujarati,
2004, s;802):

Yt = pYr-1+ &

©)

5 Modelinde y,, zaman serisinin giincel degerini,
V¢_1, serinin bir 6nceki donemde aldig1 degerini ve p
ise AR siirecinini karakteristik denkleminin kokiinii
ifade etmektedir.

Bu modelde H,: p = 0 (Seride birim kdk yoktur
ve seri duragandir)

seklindeki hipotezinin sinanmak istendigini
diisliniilsin.  Ho  hipotezi altinda  yukaridaki
denklemde yer alan p parametresi En Kiigiik Kareler
ile tahmin edilebilir.

Ayrica modelde yer alan &, terimi stokastik hata
terimi olup, bu hata teriminin dagilimi;

E(s) =0 ve Var(e,) = 02 v normal dagiliml
olma ozelliklerine sahiptir. &, hata terimine beyaz
guriiltic (white noise) hata terimi denir (Gujarati,
2004, s;802).

Gujarati(2004) (5) ifadesinde yer alan p mutlak
degerce birden kiigiikse (|p| < 1) yt serisi duragandir
ve yt’nin en kii¢iik kareler tahmin edicisinin etkin
oldugunu belirtmistir. Ayrica p’nun tahmin edilen
degeri, p’nun tahminin standart hatasina oranlanarak
hesaplanan student t istatistigi ile p’nun anlamli bir
sekilde sifirdan farkli olup olmadigin arastirilir.

2.3.1. Dickey Fuller (DF) ve Diizeltilmis Dickey
Fuller (ADF) Testleri

Birim  kokli zaman  serilerinde,  serinin
karakteristik denklemin koklerinin en az bir tanesi
mutlak degerce “1” olmaktadir. Literatiirde zaman
serilerinin birim kok igerip igermedigini veya
duraganligini test etmekte pek ¢ok farkli metot yer
almaktadir. Ancak bunlardan pratikte en ¢ok
kullanilan1 parametrelerin en kii¢iikk kareler tahmin
edicisinin dagilimina dayanan DF test yontemidir. DF
birim kok testi, slire¢ sadece bir birim koke sahipse ve
bu durum fark alma iglemi ile ortadan
kaldirilabiliyorsa uygulanabilmektedir.
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Dickey-Fuller’in ortaya koydugu ti¢ denklem tiirii
bulunmaktadir bunlar (Dickey ve Fuller, 1979, s;
428);

AYt =yy(t-1) +ut (6)
AYt =00-+yyt+ut (7
AYt = a0+ o2t+yy(t-1) +ut (8)

Ug regresyonun birbirinden farki a0 ve o2 gibi
deterministik elemanlar igermesidir. Bu denklemde

yer alan y parametresinde ‘y = 0’ esitliginin
saglanmast  “‘yt’’nin  birim  kdk igerdigini
gostermektedir.

Birim kokiin varliginin smanmasi i¢in kullanilan
iki hipotez kullanilmaktadir. Bunlar;

HI1: y<0 (p<1) (seride birim kdk yoktur.) (seri
duragandir.)

Ho : y=0 (p=1) (seride birim kdk vardir.) (seri
duragan degildir.)

Hipotezlerinin olusturulduktan sonra mevcut
model i¢inde sinanmasi su sekilde olmaktadir;

Dickey-Fuller testinin uygulanmasinda ‘‘Ayt =
yyt-1 + ut’’ regresyonunda yer alan y parametresinin
sahip oldugu ‘t’ degerinin, Dickey-Fuller’a 6zel
olarak hazirlanan “‘t”’ istatistik tablo degeri ile
karsilastirilarak, onceden hazirlanan Ho ve HI1
hipotezlerine gore birim kokiin varligi tespit
edilmektedir (Enders, 2004, s;221).

Dickey ve Fuller (1979), gelistirdikleri testlerinde
artiklarin bagimsiz ve normal dagilimli oldugu
varsayimini kabul etmislerdir. Fakat et’lerin bagimsiz
olma varsayimi her zaman gegerli olmamaktadir. p.
mertebeden (p>1) kurulmasi gereken bir zaman serisi
modelinin, AR(1) siireci ile modellenmesi, artiklarin
otokorelasyonlu olmasma yani aralarinda iliski
olmasina sebep olacaktir. Bu sorunu ortadan
kaldirmak igin incelenen zaman serisinin gecikmeli
degerlerinin  modele dahil edilmesi gerekir.
Genigletilmis Dickey-Fuller testinde (ADF) ele
almacak denklemlere ulasilabilmesi igin DF testinde
incelenen denklemler yt’nin gecikmeli degerlerinin
eklenmesi yeterlidir.

2.4. Chow Testi

Chow testi, zaman serilerinde yapisal degisikligin
olup olmadiginin arastirilmasinda kullanilan bir

testtir.  Yapisal degisiklik oldugu disiiniilen
donemden boliinerek ayri ayri donemler ve tiim
gozlemler i¢in modeller tahmin edilerek artiklarin
karelerinin toplammin karsilastirilmas1  esasina
dayanur.

B, ve pB, katsay1 vektorleri olmak iizere Chow
testi hipotezleri,

H,:B =p,=/ (Her iki regresyon dogrusu da
aynidir.)
H,: B # B, # B (Regresyon dogrulari farklidir.)
bi¢iminde ifade edilir.
Chow (1960) n>k olmak iizere alternatif hipotez
altinda alt 6rneklemlere iligkin regresyon modellerini,
Y, =X +¢
Y, =X,5, +¢,

olarak gdstermis ve buradan hareketle test
istatistigini 9 numarali denklemdeki gibi ifade etmistir
(Chow, 1960, 599);

_ SSR —(SSR, +SSR,) [k
(SSR, +SSR, ) / (n, +n, —2k)
FO‘OS;k,n—Zk (9)

ile ifade edilir. Burada, SSR; bolinmemis modelin
artik kareler toplami, SSR1t ve SSRy; ise sirastyla 1. ve
II. alt donemlere iligkin modelin artik kareler
ifade etmektedir.

toplamin Bu agiklamalardan

hareketle (9) numarali denklem yeniden yazilirsa;

[T (T e X))
(X e+ 2 e ) -2

F= (10)

olur.

3. AMPRIK SONUCLAR

Oncelikli olarak seride duraganligin arastirilmasi igin

diyagonal testlere bagvurulmus ve bu kapsamda birim
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kok analizleri gergeklestirilmistir. Calismada E-views
7™ paket programu kullamlmistir. Elde edilen birim
kok testi sonuglari agagida verilmistir.

Tablo 1.Birim Kok Testi Sonuglari

. Olasilik
Degisken Model Degeri AIC
Trensiz
Diizeyde Sabitsiz 0,999 31,535
Model
Trendsiz
Diizeyde Sabitli 0,999 31,536
Model
Trendli
Diizeyde Sabitli 0,999 31,343
Model
Trensiz
i 2;'; Sabitsiz 0,970 31,617
$ Model
Trendsiz
" 2;'; Sabitli 0,98 31,677
$ Model
Trendli
LFI EL'; Sabitli 0,9984 31,716
$ Model
. Trensiz
'F‘:iaxﬂ':n Sabitsiz 0,5536 20,2860
$ Model
L Trendsiz
;:f’;;':ﬂ;'r'l‘n Sabitl 0,000 -0,3900
3 Model**
_ Trendli
'F‘O%(a:':lm'k Sabitli 0,000%* -0,4110
ar} mmis Model**

Testler Adjusment Dickey&Fuller yonetine gore yapilmis ve %5
anlamlilik diizeyinde sinanmistir. ** %5’e gore birim kok
icermeyen modelleri ifade etmektedir.

Ho: p=0 (Seride birim kdk vardir (seri duragan degildir))
hipotezi sinanmustir.
AIC: Akaike hata kriteri degerini ifade etmektedir.

Tablo 1 incelendiginde serinin diizeyde duragan
bir yapida olmadigi soOylenebilir. Adjusment
Dickey&Fuller (ADF) testleri sonucunda Logaritmik
fark alinmis sabitli trendli modelin uygun bir birim
kok modeli oldugu gorilmiistiir.

Daha oOnce yapilan oOnsel incelemede serinin
ozellikle 2001 yilindan sonra bir artis trendine girdigi

... / Alphanumeric Journal, 3(1) (2015) 089-098

goriilmiisti.  dlizeyde  duragan  bir
saglanamamasimn da bu durumun etkili
sOylenebilir.

yapinin
oldugu

Duraganligmm  hangi  diizeyde  saglandig:
belirlendikten sonra Box&Jenkins yontemine gore
ARIMA modelleri denenmis ve en uygun model 2
numarali tabloda verilmistir.

Tablo 2.Box&Jenkins Modeli Sonuglari

Variable CoefficientStd. Error t-Statistic ~ Prob.
C 0.097813 0.034207 2.859435 0.0070
AR(1) 0.386197 0.103793 3.720839 0.0007
AR(2) -0.585154 0.116795 -5.010092 0.0000
MA(1) -0.455985 0.075328 -6.053328 0.0000
MA(2) 0.984601 0.038359 25.66807 0.0000

Tablo incelendiginde logaritmik farki alinmis seri
icin ARIMA(2,1,2) modelinin en uygun model
olduguna karar verilebilir. Box&Jenkins yontemi
sonucunda serinin hareketli bir ortalamaya sahip ve
otoregresif bir yapida oldugu sdylenebilir.

Bu asamadan sonra serideki yapisal kirilmalari
tespit etmek igin ChowWun yapisal kirilma testi
uygulanmistir.

Oncelikli olarak seride ki yapisal kirilmanin
donemini belirlemek i¢in CUSUM SQUARE grafigi
¢izdirilmistir.

1.4

1.2
1.0
0.8 4
0.6
0.4
02

0.0

024"

-0.4 T T T T T T T T
1975 1980 1985 1990 1995 2000 2005 2010

‘ —— CUSUM of Squares --—-- 5% Significance ‘

Sekil 3. Havayolu Yolcu Sayist Serisine Ait Cusum Square
Grafigi
Sekil 3 incelendiginde ardisik hatalarin giiven
siirlari igerisinde olmadig1 dolayisi ile seride yapilsa
bir kirilmanin oldugu soylenebilir. Ozellikle 2001
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2005 ve 2009 yillarinda egimin degismesi yapisal
kirtlmanin  bu  donemlerde meydana gelmis
olabilecegini gostermektedir.

Bu noktadan sonra Chow yapisal kirilma testi
uygulanmis ve sonuglar Tablo 3’ te verilmistir.

Tablo 3. 2001 Y1l i¢in Chow Yapisal Kirilma Testi

Sonuglar1
F-statistic 124.2532  Prob. F(2,40) 0.0000
Log likelihood Prob. Chi-
ratio 86.93687  Square(2) 0.0000
Prob. Chi-
Wald Statistic ~ 248.5065  Square(2) 0.0000

Ho . ,5'1 = ﬁz = [ (Her iki regresyon dogrusu da
aynidir.)

Tablo 3 incelendiginde %95 giivenilirlikle yapisal
kirlmanin ~ olmadigini  iddia eden  hipotezin
reddedilebilecegi sdylenebilir. Yani seride 2001 yil1
icin yapisal bir kirilmanin oldugu goriilmektedir.
Benzer sekilde 2001, 2005 ve 2009 yillarini kapsayan
baska bir yapisal kirilma testi uygulandiginda soz
konusu yillar i¢inde yapisal bir kirtlmanin oldugu
goriilmiistiir. Analiz sonuglarina iliskin veriler
Tablo.4’te verilmistir.

Tablo 1. 2001, 2005 Ve 2009 Yillarma iliskin Chow

Yapisal Kirllma Testi Sonuglart

F-statistic  397.9574 Prob. F(6,36) 0.0000
Log likelihood Prob. Chi-

ratio 185.2202 Square(6)  0.0000
Prob. Chi-

Wald Statistic 2387.745 Square(6)  0.0000

4. Sonug

Havayolu tasimacilifi hi¢ siiphesiz gelecegin
ulasim sektoriidiir. Hizi, giivenilirligi ve sagladigi
tasarruflar bu ulasim metoduna olan ilgiyi her gecen
giin arttirmakta ve sektdr her yoniiyle giinden giline
biiyimektedir.

Temel rekabet unsurlarinin hizmet kalitesi ve
ozellikle Tiirkiye gibi gelismekte olan iilkelerde fiyat
oldugu sektoriin ozellikle devlet tekelinden c¢ikip
Ozellesmesi  beraberinde  yolcu  potansiyelinin
artmasina sebep olacaktir. Nitekim ¢aligma da 2001
sonrast yapilan kanun degisikligi ile tagman yolcu
sayisinda meydana gelen degisme incelenmis ve
diizenleme dncesi donemle diizenleme sonras1 donem
arasinda farkliliklar oldugu da gézlemlenmistir.

Diinya Bankasi tahminlerine gore 2015 yili
icerisinde toplam havayolu yolcu sayisi sirkiilasyonu
3 milyarin kisinin iizerine ¢ikacaktir. Diinyada ki
gelismeye benzer sekilde Tiirkiye’de de 6zellikle son
10 yilda havayolu ulagimi sektorii de ¢ok biiyiik bir
ivme ile biiylime trendine girmistir.

Yukarida bahsedilen gelismelerin temel nedenlerin
arastirildigt bu calismada ozellikle 2001 yilindaki
kanun degisikliginin etkisi aragtirilmigtir. Bu amagla
Diinya Bankasinin resmi sitesinden 1970-2013 yillar1
aras1 yurtici tagman yolcu sayilart verileri alinarak
temel zaman serileri analizi uygulanmustir.

Analizler sonucunda gorilmistiir ki, serinin
ozellikle 2000°1i yillardan sonra siddetli sekilde artan
bir trendinin oldugu, bu trendin de duraganlik
yapisina etki ederek duraganligi bozdugu tespit
edilmistir. Caligmanin asil amaci olan yapilan
degisikliklerin tagimacilik {izerinde etkili olup
olmadiginin arastirilmas: neticesinde de meydana
gelen bu ivme degisikliginin sebebinin kanuni
diizenlemeler oldugu tespit edilmistir.

Sonug olarak devletin makro diizeydeki kararlari
her sektorde oldugu gibi havayolu ulagim sektoriinde
de etkilidir. Ozel sektdr firmalarinin da havayolu
tagimaciligina girmesinin oniinii agan yasa degisikligi
ile Tirkiye’de ki havayolu tagimaciligi baska bir
boyuta taginmisg ve yolcu sayilarindan bariz artislar
gorilmiistiir.
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Ozet

Insanhk tarihi kadar gecmisi bulunan go¢ hareketleri, sadece insanlarin yasadiklart mekan1 degistirmesi olarak goziikse de
sosyal, kiiltiirel, ekonomik ve siyasi bir¢ok sonuca neden olmaktadir. Go¢iin olas1 zararlarinin azaltilmasi adina, géce neden
olan etkenlerin belirlenmesi 6nem arz etmektedir. Bu nedenle bu ¢aligmada, panel veri analizi ile ekonometrik model
kurularak, 2008-2012 dénemi i¢in Tiirkiye’deki bolgeler arasi i¢ gogiin belirleyicilerinin saptanmasi amaglanmustir. Analiz
sonucunda, bolgeler arasi gbg¢ iizerinde bdlgenin zenginlik diizeyinin olumlu, enflasyon orani, istihdam orani ve terdr
sorununun ise olumsuz etkisi oldugu tespit edilmistir. Ayrica, belirlenen uygun model yardimiyla, bagimsiz degiskenlerde
uygulanan bazi iyilestirmelere karsin i¢ goce iliskin 6ngorii degerleri elde edilmistir. Bu sayede i¢ goglin olumsuz etkilerini
azaltmak i¢in yapilacak olan ¢aligmalara zemin olmasi1 amaglanmaktadir.

Anahtar Kelimeler: Gog, I¢ Go¢, Panel Veri Analizi
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DETERMINATION OF FACTORS AFFECTING INTERNAL
MIGRATION IN TURKEY WITH PANEL DATA ANALYSIS

Abstract

Migrations which have a long past as the historyof mankind not only make to the people change their residance but also
cause a good deal of social, cultural, economical and political consequences. In order to decrease the likehood of
disadvantages, it is very important to be able to foresee the factors of migrations. Therefore, the present study aims to desing
econometric model of internal migration in Turkey for the period 2008-2012 by using panel data methods. As a result, inter-
regional migration analysis on the level of the region's wealth, positive, inflation rate, employment rate and has been found
to the problem of terrorism is a negative effect. Also, with the help of the appropriate designated model despite some
improvement applied to the arguments from the internal forecasting values for migration have been obtained. this way, it is
intended to be the basis for the work to be done to reduce the negative effects of migration.

Keywords: Keywords: Migration, Internal Migration, Panel Data Analysis

Jel Code: R23, 015, C33

1. GIRIS

Insanlik tarihi ile baslayan go¢ hareketleri
insanlarin daha iyiyi ve daha giizeli arama arzusu
var oldukca devam edecektir. Go¢ sadece
insanlarin ~ bulunduklart1  cografi ~ konumu
degistirmesi gibi goziikse de sosyal, Kkiiltiirel,
ekonomik ve siyasi bir¢ok degisikligi de iginde
barindirmaktadir. Bu  degisiklikler insanlari,
toplumlar1 hatta iilkeleri olumlu ya da olumsuz
yonde etkilemektedir.

Ulkemizdeki i¢ gogiin tarihine bakildiginda
Cumbhuriyet’in ilk yillarinda 6nemli gé¢ hareketine
rastlanmamistir. 2. Diinya Savasindan sonra
ABD’nin  1948-1951 yillarinda uygulamaya
koydugu Marshall Yardimlar: sayesinde Tiirkiye
137 milyon dolarlik bir pay almistir. Bu yardimlar
kapsaminda tarimda makinelesmenin artirilmasi
icin Tirkiye’ye 40 binden fazla traktdr hibe
edilmigtir. Tarimdaki makinelesmenin sonucunda
koylerde tarima dayali iglerde calisan insanlar igsiz
kalmigtir. Dolayisiyla, 1950 yilindan itibaren
sehirlerde  gelisen sanayilesme ve  hizmet
sektoriinde yasanan isgiicii ihtiyact kdylerdeki issiz
kalan insanlarin sehirlere go¢ etmesine neden
olmustur.

1970’lere gelindiginde ise kirdan kente goclerin
hizi azalarak da olsa devam etmekle birlikte
kentten kente yapilan gdclerde bir artis

gozlemlenmektedir. 1970-80 yillar1 arasindaki
toplam i¢ go¢ hareketlerinin biiyiikk ¢ogunlugunu
kentten kente olan gogler olusturmaktadir.

1980' ve 1990'li yillar Tiirkiye’de uygulanan
serbest piyasa ekonomisi, dzellestirme, iletisim ve
ulasim  kosullarinin  gelisimindeki  siireklilik,
bireysel yasamin toplumsal yasam karsisinda 6ne
cikmasi ve sivil toplumun 6nem kazanmasi ile
insanlarin  toplumsal hareketliligi daha da
arttirmistir. Diger yandan, bu donemde Tiirkiye'de
i¢ gd¢, siyasi nedenlerin de katkisiyla giderek daha
da yogunlagmistir. Zorunlu ve goniillii gé¢ ayrimi
da bu yogunlugun bir pargasi olmustur. Dogu ve
Giineydogu'dan, hem can-mal giivenligi olmadigi
icin hem de bu bolgede siren terér nedeniyle,
binlerce insan go¢ etmek zorunda kalmistir. Bu gog
cercevesinde 6nemli oranda bir nufus, énce daha
guvenli gorunen Diyarbakir, Van, vb. civar illere,
sonra da Istanbul, Izmir, Adana, Bursa, Mersin
basta olmak {iizere, Bati ve Orta Anadolu’daki
biiyilik sehirlere go¢ ederek, soz konusu yerlesim
yerlerinin zaten var olan kentsel sorunlarini
olaganiistii boyutlara tagmmustir (Icduygu ve
Sirkeci, 1999).

Gliniimiize gelindiginde ise Tirkiye’deki i¢
goce ait 2008- 2012 yillar1 arasinda gergeklesen net
g0¢ hizlar1 Tablo 1’de 12 bolge i¢in verilmistir.
Buradaki net go¢ hizi degerleri alinan gog ile
verilen gd¢ arasindaki farkin toplam niifusa orani
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seklinde hesaplanmaktadir. Tablo 1
incelendiginde, bolgeler bazinda 2008-2012 yillar1
arasinda Istanbul, Bati Marmara, Ege, Dogu
Marmara ve Bati Anadolu Bolgeleri goc alirken,
Orta Anadolu, Bati Karadeniz, Kuzey Dogu
Anadolu, Orta Dogu Anadolu ve Giiney Dogu
Anadolu bolgeleri go¢ vermektedir. Farkli olarak
Akdeniz Bolgesi 2008- 2010 yillar1 arasinda gog
alirken 2011 ve 2012 yillarinda go¢ vermekte;
Dogu Karadeniz Bolgesi ise 2008- 2011 yillart
arasinda go¢ verirken, 2012 yilindan itibaren go¢
almaya baglamaktadir.

Yukarida deginilen go¢ hareketlerinden de
anlagilacagi  lizere gd¢ sadece  bireylerin
bulunduklari cografi konumlar1 degistirmesi kadar
basit degildir. Gogler sonucunda insanlar,
toplumlar, ekonomik, siyasi ve kultirel birgok

deger hatta devletlerin sinirlar1 bile degismektedir.
Bu nedenledir ki i¢c go¢ ve etkileri pek cok
arastirmaya konu olmustur.

Calismada oncelikle go¢ kavraminin tanimi ve
ic gociin sebep ve sonuglarina deginilmistir.
Sonraki boliimde yurt i¢inde ve yurt diginda
yapilmis gogle ilgili ¢aligmalar {izerinde
durulmustur.  izleyen béliimlerde, analizde
kullanilan panel veri analizinin teorik yapisi ortaya
konularak, ¢alismada kullanilan veri ve degiskenler
hakkinda bilgi verilmistir.  Cesitli model
denemelerinin yapilarak uygun modelin karar
verildigi boliimden sonra analiz bulgular1 son
boliimde degerlendirilmistir.

Tablo 1. Tiirkiye’deki 12 Bolgenin 2008- 2012 Yillart Arasindaki Net Gog Hizlari

Net Go¢ Hizlar

Diizeyl Bolgeler

2008 2009 2010 2011 2012
TR1 Istanbul 2.1 31 7.8 9 2.2
TR2 Bati Marmara 9.7 4 4.6 5 7.7
TR3 Ege 3.7 1.7 0.1 0.1 2.6
TR4 Dogu Marmara 12.6 6.4 55 6.2 53
TR5 Bati1 Anadolu 3 4.6 5.6 7.1 3.6
TR6 Akdeniz 2.2 0.5 0.6 -1.2 -1.1
TR7 Orta Anadolu -9 -5 -9 -8.8 4.1
TR8 Bati Karadeniz -4.4 -2.4 -11.2 -8.8 -3.2
TR9 Dogu Karadeniz -2.2 0.6 -9 -9.9 7.3
TRA Kuzeydogu Anadolu -26.1 -14.7 -13.6 -12.5 -15.4
TRB Ortadogu Anadolu -10.9 -9.1 9.1 -16.5 -7.2
TRC Giineydogu Anadolu -7.6 -7.1 -3.8 -4.1 -7.6

Kaynak: www.tuik.gov.tr

2.GOC

Gogle ilgili pek ¢ok tanim yapilmaktadir. Bir
tanima gore gog, kisilerin hayatlarinin gelecekteki
kismimin tamamini ya da bir pargasini gegirmek
lizere, tamamen ya da gegici bir siire icin bir iskan
iinitesinden (sehir, kdy gibi) digerine yerlesmek

kaydiyla yaptiklar1 cografi yer degistirme olayidir
(Akdogan, 1998).

Bir bagka tanima gore ise gog, birey ve gruplarin
ekonomik, sosyal, kiiltiirel vb. nedenlerden dolay1
bir yerden baska bir yere gitmeleridir (Kizilgelik ve
Erjem, 1992).

Go¢ tanmmmm tek bir kritere gore yapmak
miimkiin degildir. Bu nedenle de, go¢ tanim1 genel
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olarak; go¢ edenlerin iradelerine gore (zorunlu ve
gondlli gocler), goc edilen yerde kalma sirelerine
gore (kalic1 ve gegici gogler) ve goc edilen yerlerin
konumlarina gore (dis ve i¢ gocler) olmak lizere l¢
ana baslikta toplanmaktadir.

2.1. Tiirkiye 'deki I¢ Gége Sebep Olan Temel
Faktorler

Bireylerin bir bolgeden digerine ya da bir
llkeden digerine go¢ etme sebepleri ¢ok sayida ve
karmagiktir. Konuyla ilgili literatiir incelenerek
bireyleri go¢ etmeye sebep olan en temel faktorler
asagidaki gibi belirlenmistir:

1. Ekonomik Nedenler: Issizlik Turkiyenin
temel problemlerinden birisidir. Nufusun genc
yapist, sanayilesmeye paralel olarak
gerceklesmeyen  kentlesme, kdyden  kente
gocenlerin kentte is bulamamalar1 ve marjinal
sektorde ¢alismalarina, ayni zamanda gizli issizlik
oranmin kentlerde artmasina neden olmaktadir.
Kdyden kente gocenlerin, birincil gé¢ nedeni
igsizliktir. Kitleler "is bulmak" amaci ile aligtiklari
hayat tarzindan koparak kente goc etmektedirler
(Bayhan, 1997).

2. Dogal afetler: Ulkemizde meydana gelen
deprem, sel ve su baskinlari, heyelan ve kuraklik
gibi dogal afetlerden dolayr insanlar dogup
biiylidiikleri terk etmek zorunda kalmislardir.
Yakin zamanda iilkemizde gerceklesen 17 Agustos
1999 Golciik, 12 Kasim 1999 Diizce ve 23 Ekim
2011 Van depremlerinde on binlerce vatandagimiz
g0¢ etmek zorunda kalmustir.

3. Teror ve giivenlik sorunlari: Ulkemizde
1980°1i yillardan sonra giivenlik nedenleri ile
Ozellikle Dogu ve Giineydogu Anadolu
Bolgelerinden, daha giivenli goriilen Bati
Bolgelerine dogru go¢ gerceklesmistir. Tiirkiye’de
gerceklesen goclerin 1986-1990 yillar1 arasinda %
7,5’1 ve 1991-1995 yillar1 arasinda da % 14,2°i
giivenlik sorunlarindan kaynaklanmaktadir
(Tgyona, 2006).

4. Kirsal kesimdeki yiiksek dogurganhik ve
hizh  niifus artisgi:  Demografik  verilere
bakildiginda, Tiirkiye’nin ortalama dogurganlik
hiz1 2.23 iken, bu oran, Dogu ve Gilineydogu

Anadolu bolgelerinde 3.65, bat1 bolgelerinde ise
1.88 oldugu gorillmektedir. Diger bir ifadeyle,
Dogu ve Giineydogu Anadolu Bélgelerindeki
dogurganlik orani, Bati Bolgelerinin yaklasik iki
katidir (AREM).

5. Tarmmsal toprak yetersizligi: Dogu ve
Giineydogu Anadolu Bolgelerinde dogurganlik
oranin yiliksek olmasindan dolayi, ailelerin 6teden
beri sahip olduklari topraklar 6nceleri az sayida
insanlar1 gecindirebilirken, bir siire sonra ailelerin
geniglemeye  baslamast  ve yeni ailelerin
olusmasiyla  birlikte topraklar  yetmemeye
baslamistir. Ulkemizde kirsal alanlarda baslica
gecim kaynagi topraktir. Topragmn yetersiz olusu
veya esitsiz dagilimi, gecimi giiglestirir. Ayrica,
makine kullanimu ile igsiz kalan bireylerin kentlere
goc etmesi beklenir (Celik, 2006).

6. Kentlerin sosyal ve kultirel yonlerden
cekiciligi: Tiirkiye’de ozellikle, Istanbul gibi
sosyal ve kiiltiirel altyapisi giliclii olan kentlere
dogru yapilan goclerin bir nedeni de, go¢ etmek
isteyenlerin bu kentlerin sosyal, kiiltiirel ve diger
benzer hizmetlerinin c¢ekiciligine kapilarak bu
hizmetlerden yararlanmak istemeleridir. Bu gekici
unsur, daha ¢ok orta ve iist gelir gruplarimin biiyiik
kentlere go¢ etmelerini ifade etmektedir (Kocaman
ve Beyazit, 1993).

7. Egitim konusu da gd¢ kapsaminda cekici
nedenler arasinda yer almaktadir. ILO’nun 1991
yilinda Tiirkiye’nin kirsal kesimlerinde yapmis
olduklar1 anket ¢alismasinda ¢ikan sonuglara gore,
kirsaldaki ailelerin ¢ogunlugunun ¢ocuklarinin
gelecegi ve egitimi konusundaki kaygilarii en
6nemli go¢ nedeni olarak gosterdikleri ortaya
cikmustir (Akgiir, 1997).

2.2. Tiirkiye 'deki I¢ Gégiin Sonuglar

Gog tamimlar1, bireylerin mekéansal anlamda
nifus hareketlerini icermektedir. Ancak gog ile
bireyler sadece dogduklar1 ya da yasadiklar yerleri
degil aynm1 zamanda Oziimsedikleri kiiltiirii,
akrabalarin1 ve deger verdigi birgok seyi geride
birakarak yeni yerlesim birimlerine gitmektedirler.
Dolayisiyla bir biitiin olarak diisiiniildiigiinde
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gbclin meydana getirdigi ve/veya getirecegi SOSyo-
ekonomik sonuglar vardir (Pazarlioglu, 2007)

Kirsal kesimden go¢ edenler kent ve ilge
merkezlerinde yerinde Uretim geleneklerini devam
ettirmeye c¢alismaktadirlar. Bu durumda, kir ve
kent  kiiltiirii  arasinda ¢atigma meydana
getirmektedir. Dolayisiyla kentlerde ara kiiltiire
sahip bireyler olusmaktadir. Boylece kentlerin
niifus potansiyelini olusturan kirsal niifus sahip
olduklar1 ara kiltiir degerlerini kentlere yaymaya
baglamigtir. Sonugta, kent kiiltiirii yerine kir-kent
kiiltiiriine sahip sehir kiiltiirii olusmustur (Oktik,
1997).

Gog eden insanlarin en 6nemli problemlerinden
biri barmmadir. Barinma problemi de plansiz
sehirlesmeye  ve  gecekondulasmaya  yol
acmaktadir. Bu da gb¢ alan bolgelerde konut,
elektrik, temiz su, kanalizasyon ve ulagim gibi
altyap1 hizmetleri ile saglik, egitim ve giivenlik
hizmetlerinde problemlere neden olmaktadir.
Ayrica bolgelerdeki bu kontrolsiiz niifus artist
1sinmada kullanilan yakitlardan ve tasitlarin egzoz
gazlarindan kaynaklanan hava ve cevre kirliligine
de neden olmaktadir. Cogu zaman bu problemler
telafi edilememekte, edilse bile ortaya c¢ikan
maliyeti artirmaktadir.

Gogmenlerin 6nemli problemlerinden bir digeri
ise gecim sikintisidir. Kirsalda insanlar kendileri
icin iiretim yapmakta iken sehre gog ettiklerinde bu
drettikleri maddeleri digaridan temin etmek
zorunda kalmaktadirlar. Baska bir ifade ile
koylerde iiretici iken sehirde tiiketici konumuna
diismektedirler. GO¢ eden insanlarin 6zellikle
egitim diizeyi diisiik olanlarin kent ortaminda
vasifsiz is¢i olmaktan bagka careleri yok gibidir.
Bu da sehirlerde smirli olan bu is imkanlarinin
doygunluga ulagmasindan dolay: issizlige neden
olmaktadir.

Go¢ hareketlerinin neden oldugu problemlerin
diger bir yiizii ise gb¢ veren yerlerde o6zellikle
kirsal alanda niifus ve is giicii transferinden dolay1
buralarin 1ssizlagip iiretimin diismesine ve ayrica
buralara yapilan altyapi, egitim, saglik ve giivenlik
yatirimlarinin bosa gitmesine neden olmasidir.

Bunlarin yaninda g0¢ ederek gelen nifusun
beceri duzeyleri go¢ edilen yeri olumlu etkiler. Gog

eden niifusun sermaye olanaklar, bilgi ve
tecribeleri de gittigi yerde kullanilmaktadir.
Dolayistyla go¢ eden insanlarin sahip oldugu biitiin
olumlu imkéanlar da gdg¢ ettigi yere taginmaktadir.
Ayrica go¢ eden insanlar gittikleri yerlere
beraberinde kiiltlrlerini géturdiklerinden kiltarler
arast kaynagsmaya sebep olmaktadir

3. LITERATUR

Gogle ilgili yapilan ilk bilimsel c¢aligma
Ravenstein’nin 1885 ve 1889 yillarinda “Go6g¢
Kanunlar1” adinda yayimladigi iki makaledir. Bu
makalelerde Ravenstein, 1871 ve 1881 yili Ingiliz
niifus sayimu istatistiklerinden yararlanarak yedi
g6¢ kanunu olusturmustur (Yalgin, 2004).

Bes tip go¢ oldugunu iddia eden Willam
Petersen (1958) ise her insanin aymi oldugu ve
gbcilin siradan bir davranis oldugu diisiincesine
kars1 ¢ikararak “Eger her insan ayniysa neden
bazilar1 go¢ ediyor da bazilar1 go¢ etmiyor?”
diyerek basliyor ¢alismasina.  Temel olarak
Petersen goge neden olan faktorlerin altinda yatan
sebepleri aramaktadir. Ekonomik durum gog igin
her zaman 6nemli bir faktordiir ve bundan kisilerde
farkli sekilde etkilenmekte ve farli tepkiler
vermektedir. Bu farkliliklara gére bes tipte goc
olmaktadir ( Caglayan, 2006).

Gog ile ilgili diger bir kuram da 1966 yilinda
Everett Lee tarafindan gelistirilen “Itme-Cekme
Kuram1” dir. Lee kuramimda gdgmenden daha
ziyade goge odaklanilmas: gerektigini belirtip
goclerin ortak 0Gzelliklerini ortaya koymaya
calismigtir. Bunun icin de goce neden olan dort
temel itici ve gekici faktor belirlemistir (Yalgin,
2004).

Easterlin  (1980), kentsel igsizlik oranin
artmasina ragmen, go¢ilin temelde oncelikli olarak
iktisadi degerlendirmelere dayandig1 varsayimi ile
baslayan Todaro Modeli, gociin gercek kazangtan
ziyade, kentsel- kirsal farkliliklar ile iligkili olarak
gelistigini varsaymaktadir.

Yamak ve Yamak (1999), 1980-90 déneminde
iller aras1 net gocler ile kisi basina diisen gelir
arasindaki iliskiyi ampirik olarak incelemislerdir.
Bu c¢alismada,  bolgesel  bazdaki gelir
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dengesizliklerinin i¢ go¢ Uzerindeki etKkisi
arastirllmis ve bu etkinin net gd¢ veren illerin
diisiik gelir seviyesinden ziyade, net go¢ alan illerin
yiksek gelir seviyesinden kaynaklandigi ortaya
koyulmustur. Diger bir ifade ile, itici faktdrlerden
ziyade cekici faktorlerin 6nemi vurgulanmigtir.

Icduygu ve Sirkeci (1999), 75 yillik Cumhuriyet
tarihinde gerceklesen i¢ ve dis gogleri hareketlerini
genel bir cergeve icinde incelemiglerdir. Sonug
olarak, yirminci ylzyihn teknolojik gelismeleri ve
iletisim/bilgi  teknolojilerinin  gelismesi  ve
yayllmasi  insanlarm  hareket  Ozgiirligiini
artirdigim1 ancak gog¢ii gundeme getiren temel
motiflerde pek bir degisikligin olmadigini ortaya
koymuslardir. Bu baglamda, gelecekte Tiirkiye'de
hem yurt i¢inde hem de yurtdigina go¢iin artacagini
ongormiiglerdir.

Pazarlioglu (2001), panel veri modellerini
kullanarak Turkiye'de i¢ gocun ekonometrik
modellerini  olusturmus; uygun modellerden
faydalanarak iki tane senaryo analizi ile i¢ goc
iizerine ongoriiler yapmustir. Yapilan senaryolar ve
kurulan  modeller  sonucunda i¢  gbgln
onlenmesinde  etkili olan  yollarin;  gelir
dagilimindaki  esitsizligin ~ giderilmesi  ve
sehirleraras1 ekonomik farkliliklarin  ortadan
kaldirilmasi olarak belirtilirken i¢ go¢iin en 6nemli
sonuglarindan birisinin de ¢arpik kentlesme oldugu
tespit edilmistir.

Abadan-Unat (2002) ¢alismasina gore kapitalist
ekonomi Bati Avrupa, Kuzey Amerika ve
Japonya’daki merkezlerden giderek daha genis
halkalar halinde yayildikca diinya niifusunun
giderek daha biiyliyen kismu diinya pazar
ekonomisine  dahil  edilmektedir. Cevre
bolgelerdeki toprak, hammadde ve emek diinya
pazarlarinin denetimi altina girdik¢e go¢ akimlart
olusmaktadir.

Ceritli vd. (2005), ulke icindeki go¢
hareketliliginin zaman igindeki degisimini ve bu
degisimin niifus yapisina etkilerini incelemislerdir.
Analizde 2000 Genel Niifus Sayimmi sonuglarina
gore go¢ eden niifusun nitelikleri, toplam niifus ile
farkliliklar1 vurgulanarak gogiin asil nedeninin is
bulma oldugu, tayin/atama, egitim ve Marmara ve
Diizce depremlerinin etkisinin de hem iller arasi

hem de il i¢inde yogun goc hareketlerine neden
oldugu tespit edilmistir.

Cebula (2005), caligmasinda 1999 ve 2002
yillart arasinda birgok ekonomik ve ekonomik
olmayan faktorlerin Ulkedeki buyiik goclerin
tizerindeki etkisini aragtirmistir. Gozleme dayali
tahminler gostermektedir ki, ulkedeki buyiik
gogleri bir yandan umulan kisi basina diisen gelirin
veya gercek kisi basina diisen gelirin artmasi
pozitif diger yandan ise ortalama yasam
masraflarinin azalmasi ile negatif etkili oldugu
gorilmiistiir. Ancak issizlik orami degiskeninin
blyilk  gogleri  bashi  basina  etkiledigi
gorilmemektedir. Bunun yaninda fonksiyonda
Ulkedeki buyuk gocleri milli parklara, tatil
beldelerine, daha 1liman iklimlere, batiya
yerlesmeye ve daha muhtesem giines olanaklarina
ulagabilmenin pozitif etkiledigi, ayn1 zamanda sug
oraninin ve tehlikeli atik yerlerinin ise negatif
etkiledigi goriilmektedir.

Caglayan (2006), cagimzin Kkarakteristik
6zelliklerinin gog ve go¢ bigimlerine yansidigindan
ve 21. ylizyll go¢ olgusunun, hem benzer
niteliklerle hem de kristalize olmus bigimde
karsimiza  ¢iktigint  vurgulamustir.  Caglayan
(2006)’ya gore kristalize olmaktadir; ¢unki
yasanan geligsmeler, her bir gogii biricik ve kendine
6zgii kilmaktadir. Cok katmanli ve karmagik bir
yap1 kazanan gé¢ olgusunu ele alan ¢alismalar go¢
ve gd¢men ayrimini yapmali, gogiin bireysel ve
yapisal nedenlerini ve bu nedenlerin gogiin
bigimlenigindeki etkilerini analiz edebilmelidir. Bu
tir bir ¢alisma ise gd¢ kuram ve modellerinin
g6zden gecirilmesini beraberinde getirdigini ifade
etmistir.

del Rey Poveda (2007) c¢alismasinda,
Veracuruz’un giineyindeki kirsal kesimin hali
hazirdaki goclerini analiz etmektedir. Gogilin
yapildigi ii¢ farkli yer tespit etmigtir. Bunlar
geleneksel pazarlar, kuzey smir1 ve ABD. Ucgiincii
dereceden olusan bir cokterimli lojistik model
uygulayarak ve gd¢menlerin ferdi, ailevi ve
bolgesel karakteristiklerini g6z Oniinde
bulundurarak, her bir bdlge i¢in farkli etkenler
(belirleyiciler) bulmustur. Bu etkenler gogmenlerin
ve ailesinin hedefleri, ihtiyaclar1 ve amaglartyla
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iliskilidir. Bunun disinda, her bir bolge gé¢cmen ve
geri kalan diger akrabalar1 agisindan farkli sonuglar
icermektedir.

Filiztekin ve Gokhan (2008), 1990-2000
donemini inceleyerek Turkiye'de i¢c gocleri
belirleyen faktorleri aragtirmiglardir. Bu ¢aligmada,
gbgleri insan kaynaklarina yapilan bir yatirim
olarak degerlendiren go¢ teorilerinin ileri siirdiigi
beklentileri destekleyen bulgular elde edilmistir.
Gelir farklarinin, igsizlik oranlarinin, yasin, egitim
seviyesinin, mesafenin ve sosyal aglarin gocleri
etkileyen en 6nemli faktorler oldugu belirlenmistir.

Ackah ve Medvedev (2010) caligmalarinda
Gana’da son donemlerde goc¢ ve aileye para
gonderme {izerine yapilmis calismalardan elde
edilen bilgileri kullanarak kisilerin i¢ gd¢men
olmalarindaki olasi nedenleri ve i¢ gd¢cmenlik ile
refah  arasindaki  iligki  degerlendirilmistir.
Caligmada olas1 go¢ hareketlerinin ferdi (¢cekme)
ve toplumsal seviye (itme)’nin kombinasyonu ile
belirlendigi tespit edilmistir.

Balbal ve Kose (2010), Turkiye'deki
bolgelerarast i¢ go¢ hareketlerini ¢ok boyutlu
Olcekleme yontemi ile incelemisler ve bu 12
bolgenin demografik 6zellikleri, sosyo-ekonomik
gostergeleri ve gog verileri bakimindan birbirlerine
gore konumlarinin incelenmesi ve aralarinda olasi
benzerliklerin ya da  farkliliklarin  ortaya
konulmasim1 amaglamiglardir. Analiz sonuglarina
gdre Istanbul ve Kuzeydogu Anadolu Bblgeleri'nin
diger bolgelerden anlamli olarak farkli bir
konumda olduklar1 ve birbirlerine en yakin
bolgelerin, Bati Marmara, Dogu Marmara ile Bat1
Anadolu Bélgeleri olduklar1 belirlenmistir.

Celasun vd. (2011), Tirkiye’deki i¢ gogleri
belirleyen faktorlerin modellenmesini
amagladiklar1 ¢aligmalarinda en ilging sonug
olarak, bireylerin i¢ gb¢ kararlarini etkileyen en
onemli faktoriin bir yere daha once gog¢ etmis
olanlarin  ¢ekici  giici  oldugunu ortaya
¢ikarmiglardir. Calismadaki bir diger garpict sonug
olarak ise illerdeki Universite kapasitesinin
bireylerin go¢ karar lizerinde etkili oldugudur.

Cakir  (2011), g6¢c  olgusunun/surecinin
kavramsal ve kuramsal yoni, tarihsel ve toplumsal

boyutu, neden ve sonug iliskisi toplumsal degisme
kurami agisindan yorumlayip degerlendirmistir.

Ozdemir (2012), Tiirkiye’deki i¢ gdgiin ortaya
¢ikis nedenlerin  tarihsel kosullar altinda
inceleyerek i¢ gociin dogurdugu sonuglart kentsel
etkiler baglaminda belirlemeye calismustir.

Ercevik (2013), Tiirkiye sinirlari iginde Genel
Niifus Sayimi1 dénemlerinde gb¢ edenlerin sayisal
boyutlari, sosyo — ekonomik nitelikleri ve yerlesim
yerleri bazinda dagilimlar1 ile go¢ nedenleri
konularinda  meydana  gelen  degisimleri
degerlendirilerek 2000 yilinda Tiirkiye sinirlart
icinde yapilan gbo¢ hareketlerinin  profili
cikarilmaya calismistir. Calisma sonucunda gog
alan bélge icgin 6 tane, go¢ veren bélgeler icin 6 tane
Log — Lineer Model olusturmustur.

4. YONTEM
4.1. Panel Veri Analizi

Ekonometrik  analizlerde {i¢ ¢esit veri
kullanilmaktadir. Bunlar; zaman serisi verileri,
yatay kesit verileri ve panel verileridir. Genellikle
calismalarda ya zaman serisi verisi ve ya da yatay
kesit veriler kullanilmaktadir. Ancak bagiml
degisken ile bagimsiz degisken(ler) arasindaki
iliskiyi agiklamada zaman ya da yatay kesit boyutu
tek bagina yeterli olamamaktadir. Bundan dolayi da
son yillarda zaman ve yatay kesit boyutunun bir
arada kullanilmasima imkan veren panel veriler
yaygin olarak kullanilir hale gelmistir.

Zaman boyutuna sahip yatay Kkesit serilerini
kullanarak ekonomik iligkilerin tahmin edilmesi
yontemine “Panel Veri Analizi” denir (Gujarati,
2004).

Her ne kadar panel veri analizinin ilk kullanimi
1950’li yillar olmasma ragmen ilk uygulamali
caligmalar, 1990°l1 yillardan itibaren basglamistir
(Yerdelen Tatoglu, 2012).

Panel veri analizi, bireysel heterojenligi kontrol
edebilmesi, daha kapsamli modellerin
kullanilmasina olanak saglamasi, arastirmaciya
daha genis bir veri kiimesi ile ¢alisma imkani
saglamasi, c¢oklu dogrusal baginti sorununu
gidermesi bakimindan avantajlara sahipken panel
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veri analizindeki en 6nemli sorun panel veriye
ulagilmasidir. Bu konuda son yillarda &zellikle
OECD ve Worldbank’in yayinladig: istatistiklerde
yillar bazinda pek ¢ok birime (hanehalki, firma,
iilke vb) iliskin bazi 6nemli finansal ve iktisadi
veriler mevcuttur. Tirkiye’de ise bu sekilde
hazirlanmig veri setleri mevcut degildir.

4.2. Dogrusal Panel Veri Modelleri

N sayida birim ve T sayida gozlemden olusan,
k tane agiklayici degiskene ait genel dogrusal panel
veri modeli;

i=1,2,.., Nve t=1,2,...,T olmak (izere
Yie = Boie + Biie Xaie + Boie Xait +++ Bie Xie +Uye (1)

ile verilir. Burada Y, : bagimli degisken, X,
bagimsiz degiskenler, f, egim parametreleri ve U

hata terimidir. i alt indisi birimleri, t alt indisi ise
zamani gostermektedir. Y, degiskeni, birimden

birime ve bir zaman periyodundan ardisik zaman
periyoduna farkli degerler alan bagimli bir
degisken oldugunda, kesit boyutu igin i, zaman
periyodu igin t olmak tizere iki alt indisle ifade
edilmektedir. Dogrusal panel veri modelinde,
parametrelerin birim ve/veya zamana gére deger
almasina bagli olarak gesitli modeller mevcuttur
(Hsiao, 2003). Bunlar,

1. Hem sabit, hem de egim parametrelerinin
birimlere ve zamana gore sabit oldugu modellerdir.
Bu tir modellere "Klasik Model" de denilmektedir.
2. Modelde egim parametresi sabitken, sabit
katsayinin birimlere ve/veya zamana gore degisken
oldugu "Sabit Parametresi Degisken Modeller" dir.

3. Tum parametrelerin hem birimlere hem de
zamana gore degisken oldugu model

Bu modellerden egim katsayisi sabit, sabit
katsayis1 degisken olan modeller analizlerde daha
yaygin olarak kullanilmaktadir. Birimlere ve
zamana gore farkliliklarr degisik bicimde dikkate
almanin en kolay yolu bu tir modelleri
kullanmaktir.

Sabit katsayist degisen olan modeller, cesitli
sebeplerle dislanan degiskenlerin (gdzlenemeyen)
etkilerinin sabit terim ya da hata terimiyle ifade
edilmesine gore Sabit Etki Modeli ve Tesadifi Etki
Modeli ismini almaktadir. Bu modellerinin ikisinde
de hata terimlerinin tim zaman dénemi ve tim
bireyler igin bagimsiz ve sifir ortalama ve o? sabit
varyansli normal dagildig: varsayilmaktadir.

4.2.1. Sabit Etkiler Modeli

Eger gozlenemeyen birim etkiler, her bir yatay
kesit gozlem igin tahmin edilen bir parametre
olarak davraniliyorsa sabit etkiler s6z konusu
olmaktadir. Sabit etkiler modelinde,

i=1,2,.., N t=1,2,...,T olmak Uzere
K
Yi = Boi + Zﬁk Xyt + Uy (2)
)

egim parametreleri tiim yatay kesit birimleri igin
aym (Bi = B) iken, sabit parametre birim etki
igermesi sebebiyle birimden birime degismektedir.
Yani birimler arasi farklilar sabit terimdeki
farliliklarla ifade edilmektedir. Bu modelde, sabit
terimin birimden birime degiskenlik gosterdigi;
egim parametrelerinin zaman ve birime gore sabit
oldugu varsayilmaktadir (Matyas and Sevestre,
2008).

Sabit etkiler modelinin tahmininde ¢esitli
yontemler kullanilmaktadir. Bunlar; Havuzlanmig
EKK, Golge Degiskenli EKK, Genellestirilmis
EKK, Esnek Genellestirilmis EKK, Grup igi
Tahmin, Gruplar aras1t Tahmin, En Cok Olabilirlik
yontemleridir.

4.2.2. Tesadfi Etkiler Modeli

Tesadifi etkiler modellerinde, birimlere veya
birimlere ve zamana gbre meydana gelen
degisiklikler, modele hata teriminin bir bileseni
olarak dahil edilmektedir.

Tesadufi etkiler modelinde birim etki sabit
olmadigindan sabit parametre igerisinde degil,
tesadiifi oldugundan hata pay1 igerisinde yer
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aldigindan Es.1’deki panel veri modelinde hata
terimi v,

Vie = Uy + 44 (3)

ile ifade edilir. Burada uj, artik hatalar1, p; ise birim
hatayr (birim farkliliklarini ve zamana gore
birimler arasindaki degismeyi) gosterir. Baska bir
ifade ile 4 , i. yatay kesit birimin sabitini temsil
etmektedir. Bu durumda Tesadiifi Etkiler Modeli,

K
Yi =By + i Xt Vi 4

k=1
ile ifade edilir.

Tesadiifi etkiler modelinin varsayimlari; kati
digsallik varsayimi, birim etkiler ve agiklayici
degiskenler arasinda korelasyon olmamasi,
bagimsiz degiskenler arasinda ¢oklu dogrusal
baginti olmamasi. Artik hata terimlerinin sabit
varyansli olmasi, kosulsuz varyansin zamana gore
sabit ve otokorelasyonsuz olmasi. Ayrica kosullu
varyans sabit ve kosullu kovaryanslar sifirdir.
Zaman sabiti degiskenler tesadiifi etkiler
modelinde yer alabilir ve tahmin edilebilirken,
sabit etkiler modelinde yapilan doniigiimlerle
modelden diigmektedir (Yerdelen Tatoglu, 2012).

Tesadifi Etkiler Modelinin tahmininde ise
Havuzlanmig EKK, Genellestirilmis EKK, Esnek
Genellestirilmis EKK, Grup i¢i Tahmin, En Cok
Olabilirlik yontemleri en ¢ok kullanmilan tahmin
yontemleridir.

4.2.3. Klasik Model, Sabit Etkiler Modeli ve
Tesadiifi Etkiler Modeli Arasindaki Secim I¢in

Kullanilan Testler
4.2.3.1. F Testi

Chow testinden uyarlanan testte birim etkilerin
olmadigini ifade eden sifir hipotezi,

Ho: B =5

ile verilir. Test sonucu Ho reddedilirse birimler
aras1 etkinin olduguna, dolayisiyla Klasik Modelin
gecerli olmadigina karar verilir.

4.2.3.2. Olabilirlik Oran Testi

“Klasik Model dogrudur” seklinde kurulan Ho
hipotezi q (kisit sayis1) serbestlik derecesi ile y?
dagilan LR testi ile test edilir. Ho reddedilirse birim
ve/veya zaman etkilerinin olduguna (Klasik

Modelin uygun olmadigina) karar verilir (Yerdelen
Tatoglu, 2012).

4.2.3.3.Breusch-Pagan Lagrange Carpani Testi

Klasik Modeli Tesadiifi Modele karsi test eden bu
test Breusch-Pagan (1980) tarafindan

gelistirilmistir. H, :o% =0 hipotezi, 1 serbestlik
derecesi ile y? dagilim gosteren LM testi ile test

edilir. H, reddedilirse, birim etkilerin olmadig;,

dolayisiyla Klasik Modelin uygun olmadig:
sonucuna varilir.

4.2.3.4.Score Testi

Klasik Modeli Tesadiifi Etkiler Modeline karsi
test etmek amaciyla LR testinden tiiretilmistir.
Birim etkilerin olmadigi Ho hipotezi test edilir.

4.2.3.5.Hausman Testi

Birim etkinin var oldugu dolayisiyla Klasik
Modelin gegerli olmadig: tespit edildikten sonra
Sabit Etkiler ya da Tesadifi Etkiler Modeli
arasinda se¢im yapmak gerekir. Aslinda ne sabit
etkiler ne de Tesadifi Etkiler tahmincisi
muikemmeldir. Clnki Tesadifi Etkiler tanmincisi
gercek etkinin  {izerinde sapmalt tahminler
verirken, Sabit Etkiler Tahmincisi ise gergek
etkinin altinda sapmali tahminler vermektedir
(Johnston and Dinardo, 1997).

Mundlak (1961) ve Wallace ve Hussain (1969)
Sabit Etkiler Modelinin ilk taraftarlar1 iken
Balestrav ve Nerlove (1966) ise Tesadlfi Hata

Bilegen Modelinin savunuculart olmustur (Baltagi,
2005).

Hausman tarafindan gelistirilen Hausman testi,
tahminciler arasinda se¢cim yapmak amaciyla
kullanilmaktadir. k serbestlik derecesi ile y°

dagilimi gosteren Hausman testi ile “Tesadiifi
Etkiler Modeli Gegerlidir” sifir hipotezinin test
edilir.
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5. ARASTIRMANIN AMACI, MODELI VE
VERI SETI

Calismada Tirkiye’deki i¢ gdg¢ hareketlerini
etkileyen faktorler ve bu faktorler arsindaki
iligkileri gosteren ekonometrik model panel veri
analizi yontemiyle tahmin edilerek tahmin edilen
model yardimiyla gé¢ hizlarinin gesitli varsayimlar
altinda bir sonraki donem icin &ngdrulmesi
amacglanmistir. I¢ gd¢ hareketlerinin modelinin
ortaya konulmasi goc¢ alan bolgelerin niifus
yogunlugunun kontroliinde, kentsel ve sosyal
programlarin  diizenlenmesinde  6nem  arz
etmektedir. Ayrica gd¢ veren bdlgelerde goce
neden olan problemlerin tespiti ve giderilmesi igin
kaynak olmasi a¢isindan dnemlidir.

5.1. Analizde Kullanilan Veri Seti ve Model

Ulkemizde i¢ goglerle ilgili veriler 1980 yilinda
yapilan niifus sayimi ile derlenmeye baslamis, sonu
0 ve 5 ile biten yillarda gergeklestirilen sayimlarla
da devam etmistir. Kamu hizmetlerinin daha
saglikli yiiriitilebilmesi, yerlesim yeri niifus
bilgilerinin ve niifus hareketlerinin diizenli olarak
izlenebilmesi amactyla 2007 yilinda Adrese Dayali
Niifus Kayit Sistemi (ADNKS) kurulmustur. Bu
sistemden; yerlesim yerlerine gore niifus
bliylikligii ve niifusun temel niteliklerine iligkin
bilgiler elde edilmektedir. Bu tarihten itibaren
ilkemizde yillik olarak i¢ gb¢ Dbilgileri
tretilmektedir.

ADNKS’de son bir yil i¢inde, iilke sinirlari
icinde belirli alanlardaki (bolge, i, ilge vb.) daimi
ikametgah adres degisiklikleri “ic Go¢” olarak
kabul edilmektedir.

Calismada, Turkiye’deki i¢ goge ait 2008- 2012
yillar1 arasinda gerceklesen ADNKS’ye ait net go¢
hizlart TUIK® nun web sitesinden
(www.tuik.gov.tr) elde edilmistir. Net Gog Hizlar
(GH) 8 bagimli degisken olarak modelde yer

. (Alinan Gé¢—Verilen Gi¢)
§ Go¢ Hizi =

Toplam Niifus

almaktadir.

Arastirmada s6zii edilen Dizey 2, 26 alt
bolgeyi kapsamaktadir sozii edilen diizeyler Devlet
Planlama Teskilat:1 tarafindan 2011 yilinda yapilan
illerin ve Bolgelerin Sosyo Ekonomik Gelismislik
Siralamasi Aragtirmasindan (SEGE-2011)
almmistir (Kalkinma Bakanligi, Ankara 2013).
Diizey 2°de yer alan 26 alt bolge ve kapsadigi iller
Tablo 1°de verilmistir.

G6z hizina etkiledigi diistiniilen eektrik tiketim
degerleri bolgelerin ve illerin, zenginlikleri ve
sanayilesmenin yerine vekil degisken olarak
kullanilmustir. Bu degiskenin zenginlik yerine vekil
degisken olarak kullanilmasinin temel mantig1 hem
evlerdeki elektrikli cihazlar (Televizyon, Klima
v.s.) a¢isindan zenginligi, hem de sanayide temel
enerji girdisi olmasi nedeniyle sermaye birikimini
(Torna  Makineleri, Uretim Bandi  v.s.)
gostermesidir. Bu sekilde bodlgelerin zenginlik ve
sanayilesme agisindan ¢ekiciligini ve iticiligini
tespit etmek lizere elektrik tiiketimi kullanilacaktir.
Gilingor (1997) ve Pazarlioglu (2007) yapmis
oldugu c¢alismalarda sermaye degiskeni ve servet
degeri yerine elektrik tiiketim degerlerini
kullanmistir. Bolgelerin elektrik tiiketimleri niifusa
boliinerek Kisi Bas1 Elektrik Tiiketim Degeri (kwh)
(KBELEK) elde edilmistir. Bolgelerin elektrik
tiiketim miktarlart TEDAS den (Tiirkiye Elektrik
Dagitim Sirketinden) bilgi edinme miiracaati ile
elde edilmistir.

Illerin ve bolgelerin enflasyon degerleri de goce
neden olan sosyo-ekonomik faktorlerden biridir.
Bu nedenle yillik enflasyon degerindeki degisimi
6lgmek icin kullanilan gostergelerden biri olan
TUFE de (Tiiketici Fiyatlar1 Endeksi) modelde
bagimsiz degisken olarak yer almaktadir. TUFE ile
ilgili  veriler TUIK’nun  web sitesinden
(www.tuik.gov.tr) elde edilmistir. Bu degisken
modelde (ENF) olarak ifade edilmistitir. Goge
sebep olan faktdrlerden bir digeri de issizliktir.
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modelde (10) olarak ifade edilen igsizlik oram
degiskeni, igsiz nifusun 15 yas ve istli niifusa
oranlanmasi ile elde edilmistir. Ayrica, istihdam
edilen niifusun 15 yas ve stii niifusa oranlanmasi

ile elde edilen istihdam orani1 (ISO) degiskeni de
modelde yer almaktadir. Issizlik ve istihdam oram
ile ilgili veriler TUIK’nun web sitesinden
(www.tuik.gov.tr) elde edilmistir.

Tablo 1. Diizey 2, 26 Alt Bélge ve Kapsadigi iller

Kapsadigi fller

TR10 Istanbul

TR21 Tekirdag, Edirne, Kirklareli

TR22 Balikesir, Canakkale

TR31 [zmir

TR32 Aydn, Denizli, Mugla

TR33 Manisa, Afyonkarahisar, Kiitahya, Usak
TR41 Bursa, Eskisehir, Bilecik

TR42 Kocaeli, Sakarya, Diizce, Bolu, Yalova
TR51 Ankara

TR52 Konya, Karaman

TR61 Antalya, Isparta, Burdur

TR62 Adana, Mersin

TR63 Hatay, Kahramanmarag, Osmaniye

TR71 Kirikkale, Aksaray, Nigde, Nevsehir, Kirsehir
TR72 Kayseri, Sivas, Yozgat

TR81 Zonguldak, Karabiik, Bartin

TR82 Kastamonu, Cankiri, Sinop

TR83 Samsun, Tokat, Corum, Amasya

TR90 Trabzon, Ordu, Giresun, Rize, Artvin, Giimiishane
TRAL Erzurum, Erzincan, Bayburt

TRA2 Agri, Kars, Igdir, Ardahan

TRB1 Malatya, Elazig, Bing6l, Tunceli

TRB2 Van, Mus, Bitlis, Hakkari

TRC1 Gaziantep, Adiyaman, Kilis

TRC2 Sanlurfa, Diyarbakir

TRC3 Mardin, Batman, Sirnak, Siirt

Kaynak: http://www3.kalkinma.gov.tr

Insan sermayesi degiskeni icin egitim indeksi
hesaplanmistir. Burada egitim seviyesindeki artis
insan sermayesindeki artisa esdeger goriilmektedir.
Boylece kazanilan diploma derecesi arttik¢a insan
sermayesinin etkinligi de artmaktadir. Bélgedeki
egitim seviyesi dikkate alinarak Egitim Indeksi
(EGT) degiskeni olusturulmustur. Bu degisken
olusturulurken asagidaki formiil kullanilmistir.

EGT L (6)

B ToplamNifus

Burada Yi, kazanilan diploma derecesi igin
harcanan yil sayisini, X; ise anilan diploma
derecesine sahip kisi sayisim1  gostermektedir
(Pazarlioglu, 2001). Diploma derecesi icin

harcanan yi1l sayilart asagidaki Tablo 2’de
verilmistir. Egitimle ilgili veriler TUIK nun web
sitesinden (www.tuik.gov.tr) elde edilmistir.
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Tablo 2. Diploma Dereceleri ve Bunlarm Kazanilmast
I¢in Gereken Y1l Sayilari.

i= Diploma derecesi

Harcanan Yil Sayis1

Okuma yazma bilmeyen 0
Bir 6gretim kurumundan mezun olmayan 2
ilkokul mezunu 4
Ortaokul mezunu 8
Lise mezunu 12
Lisans mezunu 16
Yiiksek lisans mezunu 18
Doktora mezunu 22

Guvenlik problemlerinin Tirkiye’de i¢ go¢
nedenlerinden biri oldugu bilgisinden hareketle,
terorden dogrudan etkilenen illeri kapsayan
bélgeler icin dummy degisken kullanilmistir. Bu
bolgeler ise Agri, Kars, Igdir, Ardahan, Malatya,
Elaz1g, Bing6l, Tunceli, Van, Mus, Bitlis, Hakkari,
Sanliurfa, Diyarbakir, Mardin, Batman, Sirnak ve
Siirt illerini kapsayan TRA2, TRB1, TRB2, TRC2
ve TRC3 alt bolgeleri olarak belirlenmistir. S6z
konusu bolgeleri temsil eden dummy degisken
modelde (TEROR) olarak yer almustir.

Go¢ hiz1 ile go¢ hizint etkileyen degiskenler
arasindaki iligki genel olarak,

Gog Hizt = Po + PIKBELEK + B:EGT + PslO
BalSO + BsENF + BsTEROR + U (7)

ile verilebilir. Ancak c¢aligmada kullanilan
degiskenlere ait zaman serisi verisinin boyutunun
az olmasi nedeniyle Es.7°deki modelin tahmini
istatistiksel olarak anlamli bulunmamistir. Bu
nedenle s6z konusu degiskenlerle birlikte cesitli
modeller tahmin edilmistir.

5.2. Analiz

Go¢ hizina etkileyen faktorler olarak genel
olarak boélgelerin zenginlik diizeyi, issizlik orani,
istihdam orani, beseri sermaye, enflasyon orant,
terdr sorunu seklinde belirlenmistir. Oncelikle s6z
konusu degiskenlerle Klasik Model, Sabit Etki

Modeli ve Tesadiifi Etki Modeli tahmin edilmistir.
Verilerin analizi ise Stata 12 paket programu ile
gergeklestirilmigtir. Klasik Model icin
Havuzlanmig EKK, Sabit Etkiler Modeli i¢in Grup
Ici Tahmin Yéntemi ve Tesadiifi Etkiler Modeli
Icin Genellestirilmis EKK Tahmin Yontemi
kullanilmistir. Tahmin Sonuglar1 Tablo 3 ve Tablo
4’de verilmistir.

Tablo’ 3’e bakildiginda gd¢ hizina etki ettigi
diistiniilen tiim degiskenler sadece Klasik Model
tahmininde istatistiksel olarak anlamli bulunmus,
Sabit Etki ve Tesadiifi Etki Modellerinde pek cok
degisken istatistiksel olarak anlaml
bulunmamistir. Ancak birim etkilerin varliginin
aragtirtlmasi i¢in yapilan F testi (7.84) sonucunda
ise birim etkilerin olmadigin1 ifade eden Hg
hipotezi reddedilmistir. Dolayisiyla birim etkilerin
varligina karar verilmistir. Bundan dolay1 da
analizde bagimsiz degiskenler anlamli olmasina
ragmen Klasik Modelin kullanilmasi uygun
goriilmemistir.

Istatistiksel ~olarak anlamli ve isaret
beklentilerine uygun olacak sekilde ¢ok sayida
model denemesi yapilmis ancak istatistiki
kriterlere uygun olarak bdlgelerin zenginlik dizeyi
(KBELEK), istihdam orani (ISO), enflasyon orani
(ENF) ve teror (TEROR) degiskenlerinin yer aldig1
sadece bir model ile analize devam edilmistir.
Diger degiskenlerden olan issizlik orani, beseri
sermaye, trend degiskenleri incelenen Orneklem
dénemi igin

istatistiksel olarak anlamli bulunamadigt igin
analiz dist birakilmistir.

Tablo 4’¢ bakildiginda her ¢ modelin
tahmininden elde edilen katsayilarin isaretleri ayni
bulunmus olup istatistiksel anlamliliklar1 farkl
bulunmustur. Buna gore istatistiksel olarak en
anlamli sonuglar Tesadiifi Etkiler Modeli ile elde
edilmistir. Ancak modeller arasinda se¢im yapmak
icin bazi testler uygulanmigtir. Buna iliskin
sonuglar Tablo 5°de verilmistir.

Klasik Model, Tesadfi Etkiler Modeli ile Sabit
Etkiler modeli arasinda uygun modele karar
vermek amaciyla oncelikle birim ve/veya zaman
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etkilerinin varlig1 test edilmistir. Buna gore zaman
Breusch-Pagan LM testi ile birim ve/veya zaman
etkisinin olmadigina karar verilmis, daha sonra
birim ve zaman etkilerinin ayr1 ayri olup olmadig:
Olabilirlik Oran testi ile arastirilmigtir. Buna gére
zaman etkisinin olmadig1 ancak birim etkisinin
oldugu sonucuna varilmistir. Birim etkisinin
olmast ile de Klasik Modelin kullanilamayacagi
dolayisiyla, Sabit Etkiler ile Tesadiifi Etkiler

Modelleri arasinda tercih yapilmasi i¢in Hausman
Testinin yapilmasin1 karar verilmistir. Hausman
testi sonucunda ise sifir hipotezi reddedilememis,
gd¢ hizini etkileyen faktorleri belirlemede Tesadiifi
Etkiler Modelinin kullanilmasinin uygun olduguna
karar verilmistir. S6zii edilen test sonuglar1 Tablo

5’de verilmistir.

Tablo 3. Go¢ Hizin1 Etkiledigi Diigiliniilen Tiim Degiskenlerin Tahmin Sonuglari

Klasik Model Sabit Etkiler Modeli Tesadufi Etkiler Modeli
KBELEK 3.26 -0.22 3.26
(6.39)* (-0.08) (3.50)*
EGT 2.01 -0.21 0.38
(2.88)* (-0.31) (0.61)
. -0.16 -0.16 -0.16
ISO
(-1.67)%** (-0.95) (-1.24)%**
ENE -0.48 -0.25 -0.34
(-2.00)** (-1.46) (-1.98)**
TEROR -3.79 -6.49
(-1.90)*** (-2.08)**
-0.94 0.16 -0.43
TREND (-2.12)** (0.34) (-1.19)
. . -5.32 8.43 0.42
Sabit Terim (102) (0.97) (0.07)
R? 0.50 0.068 0.49
F 21.60* 0.88
Wald () 41.24*
Rho (p) 0.81 0.52
Birim Etki icin F Testi 7.84 (25,89)*
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Tablo 4. Klasik Model, Sabit Etki Modeli ve Tesadiifi Etki Modeli Tahmin Sonuglari
Klasik Model Sabit Etkiler Modeli Tesadfi Etkiler Modeli
3.59 0.20 2.95
KBELEK
(6.39)* (0.09) (3.20)*
. -0.14 -0.16 -0.21
ISO
(-1.53) (-0.95) (-1.86)***
-0.38 -0.28 -0.28
ENF
(-1.60)*** (1.03) (-1.72)***
-6.41 -8.15
TEROR
(-3.46)* (-2.70)*
) . 0.26 6.44 4.28
Sabit Terim
(0.05) (1.03) (0.77)
R? 0.46 0.77 0.20
F 28.29* 1.43
Wald (%) 35.20*
Rho (p) 0.79 0.58

Parantez igindeki degerler t degerleridir.

*0451 AD, ** %5 AD, **

* %10 AD i¢in kullanilmisgtir.

Tablo 5. Model Segimi I¢in Uygulanan Test Sonuglari

Istatistik Degeri

Amag

Ho Hipotezi

[P degeri] (sd)

F Testi

Birim Etkisi igin Olabilirlik
Oran Testi (LR) (3]

Zaman Etkisi icin Olabilirlik
Oran Testi (LR) (%)

Breusch-Pagan Lagrange
Carpani Testi (LM)

o)
Score Testi

o)
Hausman Testi

09)

Klasik Modelin Gegerliligi (Birim
Etkilerin Varlig)

Klasik Modelin Gegerliligi (Birim
Etkilerin Varligr)

Klasik Modelin Gegerliligi (Zaman
Etkisinin Varlig1)

Klasik Modelin Gegerliligi
(Birim/Zaman Etkilerin Varligr)

Klasik Modelin Gegerliligi (Birim
Etkilerin Varligr)

Tesadufi Etkiler ile Sabit Etkiler Modeli
arasindaki se¢im

Ho:Bi=p

(Birim etkisi yok), Klasik Model
Gegerlidir

Ho:0,=0

(Birim etkisi yok)
Ho:0,=0
(Zaman etkisi yok)
Ho:06%=06%=0

(birim ve zaman etkileri yoktur)

Ho iop= 0
(Birim etkisi yok)

Ho : Tesadiifi Etkiler Modeli
gegerlidir

8.89*
[0.00] (25, 101)

54.95*
[0.0] (1)
0.00
[1.00] (1)
79.43*
[0.00] (1)

608.76*
[0.00] (1)
2.48

[0.48] (3)

*%1 AD, ** %5 AD, *** %10 AD i¢in kullanilmistir.
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Tablo 4’de yer alan Tesadiifi Etkiler Modeli
sonuglaria gére KBELEK, ENF, TEROR ve ISO
degiskenlerinin ~ bulundugu  modelin  genel
anlamliligy igin yapilan Wald (?) testi sonucunda
genel olarak istatistiki bakimdan anlaml
bulunmustur. Ayrica sdz konusu modelin ayr1 ayri
katsayr tahminleri de sabit terim disinda
istatistiksel olarak anlamli bulunmustur.

Tablo 4’de degiskenlerden bdlgelerin zenginlik
degerini ifade etmek iizere kullanilan KBELEK
degiskeninin isareti beklenildigi gibi pozitif
bulunmustur. Yani bolgelerin zenginligi arttikca
alinan g6¢ miktar1 artmakta, bu durum da go¢ hizini
pozitif yonde etkilemektedir.

Bolgelerin sosyo-ekonomik durumunu ifade
eden ENF degiskeninin isareti de beklenildigi
lizere negatif c¢ikmigtir. Bireyler enflasyondan
olumsuz etkilendiginden dolay1 bu da go¢ yapma
fikrini de olumsuz etkilemektedir. Dolayisiyla
bireyler go¢ ederken daha ekonomik yerlesim
bolgelerini tercih etmektedir.

Can ve mal giivenligi onemli oldugundan
dolay1  bireyler terdr eylemlerinin  arttig
boélgelerden daha givenli gordukleri yerlere gog
etme egilimindedir. Bu nedenle modelde bulunan
TEROR degiskeninin isareti de beklenildigi tizere
negatif ¢ikmustir.  Yani bir bdlgedeki teror
eylemlerindeki artis o bolgeye yapilabilecek goc
i¢in itici bir unsur olmaktadir.

Istihdam oraninin  isareti ise  negatif
bulunmustur. Bu sonu¢ genel olarak gogin
istihdam orani yiiksek olan yerlere dogru oldugu
diisiincesi her zaman gecerli olamayabilecegi
ortaya gikarmistir. Nitekim, 2012 verilerine gore en
fazla go¢ alan iller arasinda bulunan Eskisehir,
Ankara, Kayseri’deki isttihdam oranina
bakildiginda s6z konusu illerin  Tirkiye
ortalamasinin altinda kaldig: goriilmektedir. Bagka
bir ifade ile istihdam her zaman bdlgeler arasinda
gd¢ hizimt arttiran pozitif bir etken olarak
bulunamamustir.

Izleyen kistmda ise uygun model olarak

belirlenen Tesadiifi Etkiler Modeli yardimiyla
modelde yer alan degiskenlere yapilan
iyilestirmeler sonucunda go¢ hizina iliskin 6ngorii
degerleri elde edilmistir.

Diizey 2 i¢in Tesadiifi Etkiler Model Tahminine
Gore Ongori

Calismanin diger bir amaci olarak go¢ hizina,
bagimsiz degiskenlerin etkisini gdrmek amaciyla
2012 yilina ait degerler temel alinarak kisi basi
elektrik tiiketim degeri KBELEK ve istihdam orani
ISO %10 oraninda artirilip, tiife degerini ifade
eden ENF degiskeni de %10 oraninda azaltildigi,
ayrica terér agisindan gilivenlik probleminin
¢oziilmiis oldugu varsayilarak model icin 6n goru
degerleri hesaplanmustir. Bagka bir ifade ile bir
sonraki donem ic¢in sdz konusu degiskenlerde
%10’luk iyilestirme yanminda ter6ér probleminin
olmadigi durumundaki gbé¢ hizinda meydana
gelebilecek degismeler elde edilmistir (Tablo 6).

Sozii edilen varsayim ile ekonomi ve sanayi
alanindaki zenginlik degerleri, istthdam oranlar1 ve
enflasyon degerlerindeki iyilestirmeler neticesinde
genel olarak gog alan Istanbul, Bat1 Marmara, Orta
ve Dogu Ege, Bati Anadolu Bodlgelerinin go¢
verme hizlarinda azalma oldugu goriilmektedir.
Baska bir ifade ile ekonomi ve sanayi alanindaki
zenginlik degerleri, istihdam oranlar1 ve enflasyon
degerlerindeki yapilacak iyilestirme go¢ hizinda
azalmaya neden olmustur. Ayrica, giivenlik
problemlerinin ortadan kaldirilmasi yani terdriin
sona erdirilmesi olarak yapilan iyilestirmelerden
elde edilen sonuglar incelendiginde ise teror
magduru boélgelerin go¢ verme hizinda ciddi bir
azalma gozlemlenmigtir. S6z konusu iyilestirmeler
ile TR10, TR32, TR33, TR51, TR61, TR82, TR90
bolgeleri go¢ alan konumunda iken gbc¢ veren
konumuna, TR63, TRC1 ve TRC3 ise go¢ veren
konumundan g6¢ alan konuma gecebilecegi
dngorulebilir.
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Tablo 6: 2012 Yili Go¢ Hizlar1 Degerleri ile Ongdrii Degerlerinin Karsilagtirmasi.

Duizey2 iller 2012 Varsayim Fark
TR10 Istanbul 2,2 -0,3 -
TR21 Tekirdag, Edirne, Kirklareli 10,5 8,4 -
TR22 Balikesir, Canakkale 51 58 +
TR31 Izmir 25 59 S
TR32 Aydin, Denizli, Mugla 3,6 -0,8 -
TR33 Manisa, Afyonkarahisar, Kiitahya, Usak 1,8 -2,0 =
TR41 Bursa, Eskisehir, Bilecik 42 3,2 -
TR42 Kocaeli, Sakarya, Diizce, Bolu, Yalova 6,4 7,6 +
TR51 Ankara 45 -0,7 -
TR52 Konya, Karaman 1,7 0,3 -
TR61 Antalya, Isparta, Burdur 10,6 -0,1 -
TR62 Adana, Mersin -5,3 -0,3 +
TR63 Hatay, Kahramanmarag, Osmaniye -6,4 50 +
TR71 Kirikkale, Aksaray, Nigde, Nevsehir, Kirsehir -2,5 -0,6 +
TR72 Kayseri, Sivas, Yozgat 51 -1,8 +
TR81 Zonguldak, Karabiik, Bartin -3,5 2,8 +
TR82 Kastamonu, Cankiri, Sinop 6,4 -3,3 -
TR83 Samsun, Tokat, Corum, Amasya -5,7 -2,5 +
TR90 Trabzon, Ordu, Giresun, Rize, Artvin, Glimiigshane 7,3 -4,4 -
TRAL Erzurum, Erzincan, Bayburt -8,9 -3,5 +
TRA2 Agr1, Kars, Igdir, Ardahan -21,3 -7,0 +
TRB1 Malatya, Elaz1g, Bing6l, Tunceli -5,6 -2,9 +
TRB2 Van, Mus, Bitlis, Hakkari -8,5 -4,1 +
TRC1 Gaziantep, Adiyaman, Kilis -3,1 15 +
TRC2 Sanlwrfa, Diyarbakir -8,8 0,3 +
TRC3 Mardin, Batman, Sirnak, Siirt -10,9 0,0 +

6. SONUG ve ONERILER

Insanlik tarihi ile baslayan go¢ hareketleri
insanlarin daha iyiyi ve daha giizeli arama arzusu
var oldukca devam edecektir. Gog¢ sadece
insanlarin  bulunduklari cografi konumu
degistirmesi gibi goziikkse de sosyal, kiiltiirel,
ekonomik ve siyasi birgok degisikligi de iginde
barindirmaktadir. Bu  degisiklikler insanlari,
toplumlar1 hatta iilkeleri olumlu ya da olumsuz

yonde etkilemektedir.

Calismada, bolgeler bazinda yapilan model
denemelerinde  bolgelerin  zenginligini  ve
sanayilesmesini ifade eden degiskeninin go¢
iizerinde oldukga etkili oldugu goriilmiistiir. Yani
bolgelerin  zenginligi ve sanayi ydniinden
gelismigligi arttik¢a insanlar i¢in bu bolgeler cazibe
merkezi olmakta ve go¢ almaktadir.
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Istihdam oraninin yiiksek olmasi go¢ edilecek
yerler i¢in ¢ekici ve etkili faktdr oldugu diisiincesi
her zaman gecerli olmayabilir. Gergekten de
istihdamin yiiksek oldugu yerlerde piyasa gerekli is
giicine doydugundan, bireylerin is bulma
olanaklar1 daha da zorlagmakta, yeni gelecek
gocmenlerin  igsiz  kalma riski artmaktadir.
Dolayisiyla igsizlik oraninin diisiik veya istihdamin
yiiksek olusu bu bolgelere goc igin temel faktor
olmadigi sonucuna varilabilir. Bu c¢alisma
sonucunda elde edilen bulgular bu olguyu, yapilan
bazi caligmalar teyit eder goziikmektedir (Bkz.
Cebula, 2005). Bu durumun pek cok nedeni
olabilir. Oncelikle bu sonucun veri kisitindan
kaynaklandig diistiniilmektedir. Gerek
degiskenlerden bazilarinin proxy degisken olarak
kullanilmasi (6rnegin, bolgelerin geliri yerine kisi
basina kullanilan elektrik tiiketiminin kullanilmas1
gibi) gerekse degiskenlere ait verilerini zaman
boyutunun az olmasi aragtirmanin veri kisitt olarak
degerlendirilebilir. Ayrica, bu sonucun incelenen
déoneme has olarak ortaya c¢iktigi da
diisiiniilmektedir. Orneklem dénemi
degistirildiginde @ya da  zaman  boyutu
genisletilebildiginde sonug beklentiler yoniinde
gerceklesebilecektir. Istihdamin gd¢ iizerinde
etkisinin beklenilenin aksine negatif ¢ikmasi da bir
sonug olarak degerlendirilebilir. Soyle ki gb¢ veren
bolgelerde  istihdam  olusturacak  unsurlarin
arttirllmast bulunulan bdlgedeki is imkanlarinin
arttirllmast anlamima gelmekte ve dolayisiyla
bireylerin go¢ kararlarindan vazgegmelerine sebep
olabilmektedir. Ozellikle de géc veren bolgelerde
Kamu ve 6zel yatirim tesviklerinin arttirilmast,
ozellikle de 2003 yilindan itibaren Tirkiye’de
uygulanmaya baslanan ve 2004 yilinda kanunla il
Ozel idaresi gorev ve sorumluluklari arasinda yer
alan mikro kredi uygulamalarinin
yayginlagtirilmast  bu unsurlar arasinda yer
almaktadir. Ayrica bir bagka ac¢idan da
degerlendirildiginde oOnceleri igsizlik oranlari
diisiik, istihdam oranlari yiiksek olan bolgelere
gocilin fazla olmasi sebebiyle bu bolgelerde goc
nedeniyle artan niifus bu bdlgelerde issizlik
oranlarinin  artmasina, istihdam oranlarinin
azalmasmma neden olmus, is bulma lmidinin
tikenmesi ile maddi ve manevi maliyetli olan go¢
kararin1  negatif etkilemis olabilecegi de
diistiniilmektedir.

Yapilan model denemelerinde bolgelerin
sosyo-ekonomik durumunu ifade eden enflasyon
degiskeninin de beklenildigi iizere go¢ lizerindeki
etkisi negatif c¢ikmustir. Bireylerin  yasam
standartlar1 enflasyondan olumsuz etkilendiginden
dolayt bu da go¢ yapma fikrini olumsuz
etkilemektedir. Yani bireyler daha ekonomik ve
ekonomik yonden istikrarlt yerlesim bolgelerini
tercih etmektedir.

Insanlar icin can ve mal giivenligi, hayatlarini
devam ettirme adina en 6nemli gereksinimlerden
biridir. Yapilan model denemelerinde iilkemizde
terdr olaylarinin diger bolgelere gore daha fazla
yasandigt Dogu ve Giineydogu Anadolu
Bolgelerine kukla degisken atanarak bunun etkisi
aragtirtlmis ve terér probleminin insanlarin goc
etmesinde ¢ok etkili bir faktdr oldugu bulunmustur.
Elde edilen modelden de anlasilacagi iizere
bireylerin can ve mal giivenliginin risk altinda
oldugu, terér eylemlerinin arttig1 bolgelerden daha
giivenli gordiikleri yerlere go¢ etme egilimindedir.
Yani bir bolgedeki terdr eylemlerindeki artig o
bolgelerden daha gilivenli goriilen bolgelere
yapilacak goclerde 6nemli bir etkiye sahiptir.

Bu faktorlerin disinda bu ¢alismada modellere
yansimamig fakat literatiirde daha Onceden
kullanilmis olan bolgelerdeki issizlik oranlari,
beseri sermaye, saglik yatirimlart ve hekim sayilari
ile ilgili degerler model denemelerinde bagimsiz
degisken olarak kullanilmis fakat hem istatistiki
acidan anlamli bulunmamig hem de gog lizerinde
dikkate deger bir etki tespit edilememistir.

Calismanin ikinci asamasinda Tesadiifi Etki
Modelinden yola ¢ikilarak Kisi Basina Elektrik
Tiiketimi, Istihdam Orani, Enflasyon Oram ve
Terér  sorununda  varsayilan iyilestirmeler
neticesinde go¢ hizindaki degisiklikler
ongoriilmeye ¢ahisilmistir. Bu amacla bdlgelerin
zenginlik ve sanayilesme degerini ifade eden Kisi
Basina Elektrik Tiiketimi, Istihdam Oran1 iizerinde
%10 oraninda iyilestirme ve bdlgelerin sosyo-
ekonomik degerini ifade eden degiskeni olan
enflasyon degerinde de %10 oraninda azaltma
yapilmig, ayrica terér probleminin olmadigi
varsayimindan  hareketle  ongdrii  degerleri
hesaplanmistir. Buna gore yapilan iyilestirme
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neticesinde genel olarak go¢ alan bdlgelerin goc
alma hizinda nispeten bir azalma, go¢ veren
bolgelerin de go¢ verme hizlarinda azalmaya neden
olmustur. Bagka bir ifadeyle, bdlgelerin ekonomi
ve sanayi alaniindaki zenginlik degerleri, istthdam
oranlar1 ve enflasyon degerlerindeki yapilan
iyilestirmelerle birlikte giivenlik problemlerinin
ortadan kaldirilmasi (terdriin sona erdirilmesi
olarak) iyilestirmeler yapilmustir.Yapilan bu
iyilestirmelerin neticesinde elde edilen sonuglar
incelendiginde, bolgeler  arasindaki go¢
hareketlerinde azalmaya ilave olarak teror
magduru bolgelerin gb¢ verme hizinda da ciddi bir
azalma gozlemlenmistir.

Yapilan analiz sonuclarindan da goriilecegi
lzere bireylerin g6¢ etmesinde en Onemli
faktorlerin basinda sosyo-ekonomik nedenler ve
guvenlik problemleri gelmektedir. Dizey 2
smiflamasinda yer alan bolgeler arasindaki gelir
dagiliminin dengelenmesi, istthdam ve issizlik
problemlerinin ¢dziilmesi, enflasyonun azaltilmast
ve giivenlik sorunlarinin en aza indirgenmesi ile
gbclin istenmeyen sonuglart zamanla ortadan
kalkacaktir. S6z konusu istenmeyen sonuglar ise
gecekondulagma, c¢arpik kentlesme, alt yapi
yetersizlikleri, trafik problemleri ve gevre kirliligi
gibi problemler olarak ifade edilebilir. Carpik ve
plansiz kentlesmenin faturasini uzak degil, yakin
geemiste insanimiz 1999 yilinda 17 Agustos
Golcik, 12 Kasim Diizce ve 23 Ekim 2011 de Van
depremlerinde can ve mal kaybiyla 6demistir.

Bu tiir iziicii hadiselerin tekrar yaganmamasi
adina gocilin zararli sonuglarindan korunmak ve
faydali yanlarini planlamak i¢in uzun ve kisa vadeli
programlar yapma konusunda karar vericilere
biiyiik sorumluluklar diigsmektedir. Ayrica, i¢ go¢
hizin1 azaltma adina gelismemis bolgelerde sosyal,
ekonomik ve kiiltiirel yatirimlarin artirilmast igin
bolgesel  planlar  hazirlanip  uygulanmasi
onerilmektedir. Dolayisiyla bolgelere yapilan
goglerle birlikte ortaya ¢ikan sorunlarin ¢dziimiine
yonelik uygun politikalarin belirlenmesi ancak
goc¢iin nedenlerinin bilinmesi ile mimkiinddr.
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