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Abstract

In this study, a performance analysis was carried out for the Family Practice application offered to the public by the Ministry of Health.
Performance management serves a different purpose in public sectors which provide service in accordance with the principle of social
benefit rather than of a profit-loss relationship in comparison with private sectors. Main objective herein is to improve the quality of the
service offered to the public in terms of such criteria as efficacy, efficiency and productivity. In this study, the performances of 12 Family
Practice units carrying on business in Alaca district of Corum in the months of the year of 2012 were converted into a single score indicating
the general performance level with the help of the TOPSIS method among the Multi-Criteria Decision Making Techniques through the data
of 8 criteria and such units were put into order in this regard and their performances were compared. At the end of the study, the proximity
values (Ci) of the units according to the ideal solution they have received for 12 months were averaged and rated on a yearly basis.
According to the average of Ci scores, the performances of 4 units were founded to be successful whereas 5 units displayed normal
performance and the performance of 3 units were decided to be ineffective.

Keywords: Family, Practice, Performance Evaluation, TOPSIS, Multi-Criteria Decision Making.

Jel Code: C19, C44, 118

AILE HEKIMLIGI PERFORMANS DEGERLEMESININ TOPSIS
COK KRITERLI KARAR VERME YONTEMIYLE BELIRLENMESI

Ozet

Bu caligmada Saglik Bakanligi tarafindan halka sunulan Aile Hekimligi uygulamasmin performans analizi yapilmistir. Kar-zarar
iligkisinden ¢ok toplumsal fayda ilkesine gore hizmet iireten kamu sektorlerinde, performans yonetimi 6zel sektorlere gore farkli bir amaca
hizmet etmektedir. Temel hedef halka sunulan hizmet kalitesini etkinlik, etkililik ve verimlilik kriterleri ekseninde gelistirmektir. Bu
caligmada Corum ili Alaca ilgesinde faaliyet gosteren 12 Aile Hekimligi biriminin 2012 yilina ait aylardaki performanslari, 8 adet kriter
verileri {izerinden Cok Kriterli Karar Verme Tekniklerinden TOPSIS yontemi ile genel performansi gdsteren tek bir puana gevrilmis ve
birimler arasinda siralama yapilarak, performanslar1 karsilagtirilmistir. Caligmanin sonucunda birimlerin 12 ay boyunca aldiklar1 ideal
¢ozlime gore yakinlik degerleri (Ci)’nin ortalamasi alinarak yillik bazda bir siralama olusturulmustur. Ci puanlarinin ortalamasina gore, 4
birimin performanslart bagarili bulunurken, 5 birim normal performans gdstermis, 3 birimin performansinin ise basarisiz olarak saptanmustir.
Anahtar Kelimeler : Aile, Performans Degerlendirme, TOPSIS, Cok Kriterli Karar Verme

Jel Kodu : C19, C44, 118
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1. INTRODUCTION

An ideal health system consists of personal care,
primary health services, secondary health services and
tertiary health services. When we apply this rating to the
units providing health services, primary health services,
secondary health services and tertiary health services
cover the services offered respectively in family practices,
general hospitals and private branches and university
hospitals. It is a fundamental application to express these
services in a well-functioning health system as a pyramid
which narrows upwardly.

According to Tuzer and Gorpelioglu, such pyramid has
almost been in an inverted state in our country in terms of
the service delivery. It was calculated that the problems of
about 90% of the people applying to our hospitals could
indeed by solved in the primary health service [1].

It is thought that the most common way to receive and
benefit from the health services would be possible with the
reinforcement of the primary health services in all
countries as well as making them more efficient. In this
way, it is intended to increase the life qualities and health
standards of the people [ 2].

Within the scope of these objectives, the Ministry of
Health put the application of Family Practice system
which was started to be implemented in two pilot cities
(Duzce and Eskisehir) of our country in 2006 and currently
has spread across the country into force.

Family Practice is an academic and scientific discipline
and a clinical specialty which has its own curriculum,
researches and evidence-based clinical applications and
focuses on primary health services [ 3]

Ersoy defines an ideal Family Physician as “A doctor
who is able to follow each individual from birth till death,
to provide consultancy either in sickness or health, be
closely acquainted with his/her personal characteristics as
well as the environment in which s/he lives in and to solve
90% of his/her health problems in the first application by
means of combining such advantage with the education
received”[ 4]

As is in all working areas, the determination and
identification of the weaknesses and inefficient aspects of
the system have great importance also in the Family
Practice application. In this way, the quality of the system
is improved and its regeneration is ensured. Performance
measurement is one of the key elements in the progression
of this process.

Performance is a quantitatively and qualitatively
explicable concept which is observed as a result of
intentional and planned activities. Efficiency in service
and productivity and economy in production express the
performance in general sense [5].

The measurement and evaluation of the performance in
the public sector differ from the private sector
organizations in terms of structure. The public sector
applies a performance evaluation based on social benefit
as compared with the private sector whose objective
depends completely on optimization.

One of the institutions commencing the performance
applications in the field of public management is the
Ministry of Health. In addition to the existing wages
policy, the Ministry of Health started the application of
additional payment out of the working capital income at
the beginning of 2004 in order to put the performance-
based charging into practice in the public sector [6].

The performance criteria of the Ministry of Health were
developed by the natural payment methods in the Family
Practice system as well. Such criteria were determined to
be referring rate, pregnant follow-up, vaccine success rate,
the number of patients who are subject to the mobile
service and baby follow-up rate [7] and the method of
deduction at the rate of failure of the planned application
was adopted instead of providing premium over the
realization number of the performances.

The current application is to reward the unit indirectly
which achieves the expected performance instead of
achieving more performances without subjecting to any
deduction, rather than evaluating the number of the work
performed, by means of evaluating the success percentage
calculated over the rate of performed work to the
stipulated work.

In this study, the performances of 12 Family Practice
units carrying on business in Alaca district of Corum and
each of which include 2 physicians in the months of the
year of 2012 were converted into a single score indicating
the general performance level with the help of the TOPSIS
method among the Multi-Criteria Decision Making
Techniques through 8 criteria specified in the relevant
legislation of the Ministry of Health and the units were put
in order and their performances were compared. The total
score of the monthly performance obtained in the last
analysis were averaged and the general rating of the year
of 2012 was obtained in this way. Furthermore, the
average of reach month was determined and the
comparison of each unit one by one with the average of
such month was shown on a graphic. The units whose
performances were required to be rewarded and who need
to be arranged were identified with the help of such
averages.

There are many performance evaluation studies in the
field of health services; however, the first TOPSIS method
to be included in the literature will be used in this study.
The performance method of the Ministry of Health used in
the Family Practice application is to offer a contingent
reinforcer by means of making deduction instead of
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rewarding. In this method, not the unit who exhibit more
performance but the unit who satisfy the expectation in the
least is deemed to be successful. The TOPSIS method, on
the other hand, performs a relative evaluation among the
units and identifies the units who are closest to the ideal
solution and subjects the units to a inter-rating. In this way,
the units whose performances are poor can be identified
and arrangement-improvement attempts can be developed
for them.

2. LITERATURE REVIEW

The first examples of the evaluations observed for the
performances of the personnel taking charge in
organizations in a systematic and formal way were seen to
be in the institutions providing public services in the
U.S.A at the beginning of 1900’s.  The concept of
performance evaluation was started to be used in the
organizations in a scientific manner as a result of
measurement of the employees by F. Taylor in terms of
efficiency with the help of work measurement applications
[8].

Performance measurement can be defined as a method
of determining the performance of individuals,
organisations, services or processes [9] as a means of
assessing efficiency and effectiveness of action and to
assess the alignment of the organisations’ activities with
its strategy and vision/mission statement.

Since the 1980s, organizational changes aimed at
improving performance in a changing environment have
been a permanent management concern. Reflecting such
concern, performance measurement and evaluation
became the subject of practical research aimed at
addressing the operational concerns of management.
Some organizations have responded to these operational
concerns through radical re-engineering efforts. Others, in
more stable organizational environments, have either
resisted to external pressures, or adopted a slower pace to
change. Manufacturing organizations were the first to
realize that focusing the performance measurement only
on financial measures was not enough to maintain
effective performance in global markets. This lead to an
increasing emphasis on non-financial aspects of
organizational performance [10]. Some services
organizations followed the lead of manufacturing
organizations with regard to emphasizing the non-
financial aspects of performance. Thus, they began to
utilize performance measurement systems and approaches
similar to that of their manufacturing counterparts [11, 12,
13, 14, 15]. In the process, some service specific
performance measurement approaches were offered [16,
17, 18, 19]. Public sector organizations, due to political
pressures in the form of the New Public Management
initiatives [20] are beginning to slowly adopt the

performance measurement approaches utilized in the
private sector [21, 22, 23].

The objective in the health system is to provide a
quality and accessible service. Therefore, performance has
become an efficient method used in quality improvement.
According the World Health Organization (WHO) [24],
there are various methods in the performance
measurements for hospitals; these are classified as the
regulatory inspections, researches based of patient
experiences, the evaluations performed by independent
institutions and statistical indications.

The publications with regard to the performance
evaluation in the health sector in Turkey are getting
attention more despite of the fact that there is limited
number of publications on this respect. Tengilimoglu and
Toygar [25] examined PATH Project (Performance
Assessment Tool for Quality Improvement in Hospitals)
which had been released to public by European Regional
Office in 2003 and whose usage became more and more
common in Europe. Kilic [2] studied the performances of
the Family Practice applications in Duzce which is the first
pilot city in Turkey in his thesis and stated his views and
gave recommendations on this regard depending on the
data obtained. Aksoy [26] on the other hand, subjected the
performances of the physicians of Medical Faculty taking
charge in Ankara to Data Envelopment Analysis and
founded out statistically significant differences between
the averages of the outputs provided by the physician
groups whose technical performances were low and high.
Erkan [27] explained the scope and functioning of the
performance based additional payment system being
applied by the Ministry of Health, analyzed and
interpreted its results and dealt with the criticisms in
relation with such system.

In the literature review conducted, no research was
founded out that the performance evaluation in the health
system had been undertaken with the help of the TOPSIS
method. This study is expected to make contributions to
the Family Practice performance evaluation as it is the first
study on this regard.

3. DATA AND METHODOLOGY USED IN THE
STUDY

In the study, the performances of the Family Physicians
taking charge outside of the pilot areas were measured. In
order to carry out the application, the Family Physicians’
performance evaluation data of the year of 2012 indicated
on the website of Corum Community Health Directorate
was used [28]. Abovementioned data were scored with the
help of the TOPSIS method which is one of the multi-
criteria decision making techniques and such scores were
compared and contrasted with each other and then a rating
was constituted.
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3.1. TOPSIS Method

Yoon and Hwang (1981) have developed TOPSIS
(Technique for Order Preference by Similarity to Ideal
Solution) method based on the idea of selecting the
shortest distance from positive ideal solution (PIS) and the
most distant alternatives from negative ideal solution
(NIS). Method has been adopted by ZELENY (1982) and
Hall (1989) and developed by Yoon (1987) and Hwang,
Lai and Liu (1994).In TOPSIS method, while PIS is
solution point in which the benefit is maximum and cost is
the lowest, NIS states the solution point in which benefit
is the lowest and cost is maximum. TOPSIS method is
based on the idea that not only the one which is in the
closest distance to positive ideal solution among the most
favourite alternatives but also the one which is in the
farthest distance to negative ideal solution is alternative.
Single nominative variable used in the method is factor
weights [29].

TOPSIS method includes a solution process consisting of
6 steps. Aforesaid steps are as follows [30].

Step 1: Creation of Decision Matrix (A)

While decision points, whose superiority is desired to be
ranked, take place in decision matrix rows, evaluation
factors to be used in the decision-making take place in its
columns. Matrix A is the initial matrix created by
decision-maker. Decision matrix is shown as follows:

a, 4, .. 4,
aZl a22 a'2n
Aij =
_aml amZ a‘mn a

m gives the number of decision points and n gives the
number of evaluation factors in A; matrix.

Step 2: Creation of Normalized Decision Matrix (R)

Normalized Decision Matrix is calculated by
benefitting from elements of matrix A and using the
following formula [31].

aij . .
r=—— 1i=1...m j=1...,n (1)

2.3

k=1

Matrix R can be obtained as follows:

r, h, .. I,
r21 If-22 e r2n
Ry =
[ Fmn T2 o T |

Step 3: Creation of Weighted Standard Decision Matrix
V)

First of all, weight degrees (W;) related to evaluation
factors are determined, (D w, =1).

Then elements in e&h column of matrix R are
multiplied with the relevant W; value and matrix V is
created. Matrix V is given below:;

erle WZ r12 Wn rln
W1r21 W2 r-22 Wn r2n
V, =
_erml W2 rm2 Wn rmn a

Step 4 : Creation of Ideal ( A") and Negative Ideal (A~
) Solutions

In this stage, maximum and minimum values in each
column of weighted matrix are determined.

A" =WV, ,V,,...,V, ¢ (maximum values)

A” =, ,V,,...,V, { (minimum values)
Step 5 : Calculation of Distance Measurements Between
Alternatives

Following the identification of ideal points, distance
values to maximum and minimum ideal points are
calculated with the help of the following formula in 5%
step.

Zn:(vij—vf)z i=1,2...m (2
i1

n

D (v-vi)? j=L2...m (3

=

Number of S;" and S, to be calculated naturally will be
equal to the number of decision points.

Step 6: Calculating the proximity relevant to the ideal
solution
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Ideal and negative ideal distinction measures are used
for calculating the proximity (Ci+ ) relative to the ideal
solution of each decision point. The measure used is the
part of the negative ideal distinction measure into the total
distinction measure. Calculating the proximity value
relative to the ideal solution is shown in the formula
mentioned below: [32].

.S
LS +S/

C, value is in 0<C; <1 interval, and C;" =1
shows the absolute proximity of the relevant decision
point to the ideal solution and C;" =0 shows the
absolute proximity of the relevant decision point to the
negative ideal solution.

Finally the values obtained designate the importance
order of the decision points (alternatives) by ranging in
order of magnitude.

(4)

3.2. Criteria Used For the Study

The purpose of this study is to measure the performance
of Family Practice units by means of 8 criteria specified
within the document which was named as Performance
Calculating Method for Family Practice Application and
2th version of which was published in 2007 by the
Ministry of Health in Turkey. These criteria are mentioned
below:

a) Registered Population: In the calculation of the
payments which are made to the family physicians
working in the units, 2167 TL is paid up to the first 1000
person and 1.4418 TL is paid per registered person
exceeding this number (“1237 numbered Registration of
the Ministry of Health”)

b)  Vaccine Performance: The vaccines below
mentioned are taken into consideration in the performance
calculation.

Number of BCG vaccines inoculated: For tuberculosis
protection, the effective treatment of the patient suffering
from the tuberculosis, prevention of contamination, BCG
vaccination and methods of protection with medicine are
used. It is applied to the babies who turned 2 month [33].

Number of TDAP vaccines inoculated: It is also known
as 5 in 1 combination vaccine. It immunizes against the
diphtheria, pertussis, tetanus, poliomyelitis and
meningitis. It is applied as primer vaccination 3 times (in
2nd, 4th and 6th months) every two months and 4 times
within 18-24 months and so in totally 4 times [34].

Number of Hepatitis B vaccines inoculated: Hepatitis
B is a viral disease causing the pneumonia, contaminating
to the baby from the mother carrying this virus in
childbirth and causing the hepatitis named as chronic
hepatitis, the liver failure, cirrhosis and finally the liver
cancer for the baby. The vaccine is applied 3 times

according to the calendar of Oth , 1st and 6th month. The
vaccines provide %100 protection against the disease [34].

Number of KKK vaccines inoculated: It is inoculated
against the Measles, Mumps and Rubella diseases. The
first vaccine is made in 12th month and the second vaccine
is made at the first grade of primary school. [34].

Vaccine Calendar is given in the table below
mentioned.

c¢) The Number of Monitored Babies: Each
individual between 0-365 days is called a baby. It specifies
the number of babies monitored by family physicians.

d)  The Number of Monitored Pregnant Women:
Female patient who is determined to be pregnant
according to test, observation and views performed by the
family physician and whose necessary notification data
related to her pregnancy is forwarded to the ministry after
recorded, is considered as "Pregnant".

e) The Number of Patients Receiving Mobile
Service: It is the number of patients who are certainly
registered to the family physician and who selected the
option “Dependent to Mobile Service” during the registry
process.

Data for patient transfer criteria which is one of the
family practice applications cannot be recorded by the
relevant source, it could not be processed in our study.

Vaccine Calendar is given in the table below
mentioned.

Table 1 : Vaccination calendar

End . .
End End End of 12th 1824 Primary Primary
At of 1st of 2nd of 4th sixth month months 1st 8th
Birth  month month month month Class  class

Hep B | I} 11

BCG

DaBT-
IPA-
Hib
KPA
KKK

OPA

Td

Source: http://www.beyazhastane.com/Asi_Takvimi.aspx
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3.3. Application As a first step, Standard Decision Matrix of Units with

(12x8) size for TOPSIS method has been formed.

Monthly performance scores determined over 8 criteria Accordingly, decision matrix belonging to January 2012
for 12 Family Practice units within the scope of study have is asin Table 3.

been individually calculated for all months of the year
2012 and the arithmetic average of these scores has been
calculated for each unit and performance of units during
the year has been asked to be observed.

Table 2: Criteria used in the study

No Code Criteria
1 KN Registered Population
2 BCG Number of applied BCG vaccinations
3 DABT  Number of applied DABT vaccinations
4 HPTT  Number of applied Hepatitis B vaccinations
5 KKK Number of applied KKK vaccinations
6 BiS Number of monitored babies
7 Gis Number of monitored pregnant
8 GHS Number of patients receiving mobile service
Table 3 : Decision Matrix (A) For January 2012 Criteria
Family Physician KN BCG DABT HPTT KKK BIS Gis GHS
Unit1 6666 6 20 16 6 52 22 2
Unit 2 7968 4 32 40 6 70 48 385
Unit 3 7798 4 40 36 8 74 28 0
Unit 4 7644 4 20 18 6 34 18 554
Unit5 7164 4 24 16 4 48 26 221
Unit 6 6878 10 22 18 8 66 16 756
Unit 7 6764 8 46 42 14 82 24 552
Unit 8 7422 4 24 20 4 64 28 297
Unit 9 4240 4 12 4 8 32 12 764
Unit 10 1147 3 4 1 2 4 3 128
Unit 11 3112 6 12 10 2 24 8 594
Unit 12 4442 10 20 12 10 42 18 724
6666
=0,3057

11 =
2 2 2 2
Step 2: Creation of Normalized Decision Matrix For Units \/6666° + 7968 + 7798 .. + 4442

It has been calculated and shown in Table 4 by
benefiting from Matrix A elements in Table 3 and using
equation numbered (1).
Table 4 : Normalized Decision Matrix (R) of Units For January 2012

Family Physician KN BCG DABT HPTT KKK BIS GIS GHS

Unit 1 0,3057 0,2857 0,2253 0,1987 0,2379 0,2776 0,2682 0,0012
Unit 2 0,3655 0,1905 0,3605 0,4969 0,2379 0,3737 0,5851 0,2243
Unit 3 0,3577 0,1905 0,4506 0,4472 0,3172 0,3950 0,3413 0,0000
Unit 4 0,3506 0,1905 0,2253 0,2236 0,2379 0,1815 0,2194 0,3228
Unit5 0,3286 0,1905 0,2704 0,1987 0,1586 0,2562 0,3170 0,1288
Unit 6 0,3155 0,4762 0,2478 0,2236 0,3172 0,3523 0,1950 0,4405
Unit 7 0,3102 0,3810 0,5182 0,5217 0,5551 0,4377 0,2926 0,3216
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Family Physician KN BCG DABT HPTT KKK BIS GIS GHS

Unit 8 0,3404 0,1905 0,2704 0,2484 0,1586 0,3416 0,3413 0,1731
Unit 9 0,1945 0,1905 0,1352 0,0497 0,3172 0,1708 0,1463 0,4452
Unit 10 0,0526 0,1429 0,0451 0,0124 0,0793 0,0214 0,0366 0,0746
Unit 11 0,1427 0,2857 0,1352 0,1242 0,0793 0,1281 0,0975 0,3461
Unit 12 0,2037 0,4762 0,2253 0,1491 0,3965 0,2242 0,2194 0,4218
Total 3,2678 3,1905 3,1092 2,8942 3,0929 3,1600 3,0598 2,8999

Step 3: Creation of Weighted Standard Decision Matrix
(V) For Units

In this step, weight degrees ( W; ) related to the
evaluation factors are determined and multiplied with the
values in the relevant column in Table 4 and then weighted
normalized values are found.

While calculating weight degrees related to the
evaluation factors, each criteria's column values belonging
to that unit in Normalized Decision Matrix are collected.
Then these values related to criteria are accumulated and

total criteria value is calculated. Finally, column sum of
each criteria is divided into total value of criteria and
weights are calculated [35].

Total Criteria = 3,2678 + 3,1905 + 3,1092 + 2,8942 +
3,0929 + 3,1600 + 3,0598 + 2,8999 =24,6744

13,2678

= =0,1324
24,6744

1

Accordingly, weight degrees of all criteria have been
found as in Table 5.

Table 5: Weight degrees of criteria Used in the units

Unit

KN

BCG

DABT

HPTT

KKK

BiS

GIS

GHS

0,1324

0,1293

0,1260

0,1173

0,1253

0,1281

0,1240

0,1175

As a result of the multiplication of values in the
columns of matrix in Table 4 with the evaluation factors,

weighted Standard Decision Matrix has been formed in
Table 6.

Table 6: Weighted Standard Decision Matrix (V) of the Units for January, 2012

v, =Wi-

r
ij

V,, =0,1324-0,3057 = 0,0405

Family Physician KN BCG DABT HPTT KKK BIiS GIS GHS

Unit 1 0,0405 0,0369 0,0284 0,0233 0,0298 0,0355 0,0333 0,0001
Unit 2 0,0484 0,0246 0,0454 0,0583 0,0298 0,0479 0,0726 0,0264
Unit 3 0,0474 0,0246 0,0568 0,0525 0,0398 0,0506 0,0423 0,0000
Unit 4 0,0464 0,0246 0,0284 0,0262 0,0298 0,0232 0,0272 0,0379
Unit5 0,0435 0,0246 0,0341 0,0233 0,0199 0,0328 0,0393 0,0151
Unit 6 0,0418 0,0616 0,0312 0,0262 0,0398 0,0451 0,0242 0,0518
Unit 7 0,0411 0,0493 0,0653 0,0612 0,0696 0,0561 0,0363 0,0378
Unit 8 0,0451 0,0246 0,0341 0,0291 0,0199 0,0438 0,0423 0,0203
Unit 9 0,0258 0,0246 0,0170 0,0058 0,0398 0,0219 0,0181 0,0523
Unit 10 0,0070 0,0185 0,0057 0,0015 0,0099 0,0027 0,0045 0,0088
Unit 11 0,0189 0,0369 0,0170 0,0146 0,0099 0,0164 0,0121 0,0407
Unit 12 0,0270 0,0616 0,0284 0,0175 0,0497 0,0287 0,0272 0,0496
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Step 4: Forming the Ideal ( A™) and Negative Ideal ( A~
) Solutions

In this step, ideal A" and negative ideal A~ solution
sets are formed. For A" set, the biggest value at each
column of V matrix was selected and the lowest value at
gach column of V matrix was selected for A~ set, then
the table below mentioned was created.

Table 7: Ideal ( A" ) and Negative ldeal ( A ) Solutions for the Units

+
A 0,0484 0,0616 0,0653 0,0612 0,0696 0,0561 0,0726  0,0523

A 0,007 0,0185  0,0057 0,0015 0,0099  0,0027  0,0045 0

Step 5: Calculating the Distant Measures Between the
Units

The distant of both criteria to the positive ideal solution
(Si+) and from the negative ideal solution (S; ) has been
calculated by means of the formula 2 and 3, and founded
as mentioned in Table 8.

Table 8: Distant Measurements between the Alternatives

Family Physician S; S
Unit 1 0,0987 0,0690
Unit 2 0,0640 0,1197
Unit 3 0,0780 0,1072
Unit 4 0,0943 0,0741
Unit5 0,0965 0,0714
Unit 6 0,0760 0,1004
Unit 7 0,0417 0,1344
Unit 8 0,0891 0,0818
Unit 9 0,1109 0,0687
Unit 10 0,1537 0,0088
Unit 11 0,1221 0,0518
Unit 12 0,0833 0,0909

Step 6: Calculating the unit proximity relative to the
ideal solution

For calculating the proximity (Ci+ ) relative to the
ideal solution for each decision point, the ideal and
negative ideal distinction measures are used. The measure
used is the part of the negative ideal distinction measure
into the total distinction measure. Calculating the
proximity value relative to the ideal solution is shown in
the formula below mentioned:

C’ :s—i
S, +S/

According to this formula, it holds;

0,069
0,0987 +0,0690

+
1

=0,4113

Accordingly table 9 shows the C;" points given by the
units.

Table 9 : Proximity Values ( C i+ ) and Sequences of the Units Relative
to the Ideal Solution in January of 2012

Family

Physician (Ci) Processing
Unit 1 0,4113 9.
Unit 2 0,6516 2.
Unit 3 0,5787 3.
Unit 4 0,4402 7.
Unit5 0,4254 8.
Unit 6 0,5691 4.
Unit 7 0,7634 1
Unit 8 04785 6.
Unit 9 0,3825 10.
Unit 10 0,0539 1.
Unit 11 0,2978 11,
Unit 12 0,5216 5.

In this processing, the unit having the highest Cf
value has priority. According to this the greatest
performance was shown by the Family Practice unit 7 in
January of 2012 and the units 2, 3 and 6 followed it
respectively. The units 10, 11 and 12 showed the poorest
performances respectively.

According to these steps, Table 10 shows C," values
and sequences of all months for the units.
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Month January February March April May June
Family C: C: C: C: C: Ci+
Phy. Sequence Sequence Sequence Sequence Sequence Sequence
Unit 1 0,4113 9 0,4884 9 0,5308 5 0,4987 8 0,4369 8 0,5961 2
Unit 2 0,6516 2 0,7137 1 0,5328 4 0,6337 2 0,6567 1 0,5958 3
Unit 3 0,5787 3 0,5901 4 0,5636 3 0,5591 5 0,6004 3 0,5302 7
Unit 4 0,4402 7 0,5045 8 0,3811 9 0,5484 6 0,5415 4 0,5561 5
Unit 5 0,4254 8 0,5123 7 0,4520 7 0,4498 9 0,4736 7 0,4430 9
Unit 6 0,5691 4 0,5927 3 0,4211 8 0,6527 1 0,5341 5 0,6227 1
Unit 7 0,7634 1 0,5641 5 0,6464 1 0,5152 7 0,6151 2 0,5462 6
Unit 8 0,4785 6 0,5939 2 0,5862 2 0,5666 4 0,3804 9 0,5867 4
Unit 9 0,3825 10 0,3986 10 0,3352 11 0,3710 10 0,2725 11 0,3813 10
Unit 10 0,0539 12 0,0462 12 0,0208 12 0,0288 12 0,0218 12 0,0427 12
Unit 11 0,2978 11 0,2810 11 0,3366 10 0,2296 11 0,2852 10 0,2489 11
Unit 12 0,5216 5 0,5478 6 0,4648 6 0,5735 3 0,5127 6 0,4837 8
(on)
average 0,4645 0,4861 0,4393 0,4689 0,4442 0,4695

Month July August September October November December
Family Cr Cr C: Cr Cr C:
Phy. Sequence Sequence Sequence Sequence Sequence Sequence
Unit 1 0,3674 8 0,4534 9 0,3547 9 0,4973 7 0,5241 6 0,4383 7
Unit 2 0,6831 2 0,7333 2 0,5632 5 0,6413 1 0,5162 7 0,6902 1
Unit 3 0,6222 3 0,5722 5 0,6236 2 0,5697 4 0,5432 5 0,5088 5
Unit 4 0,4712 7 0,5807 4 0,4483 7 0,3839 10 0,4789 9 0,3297 9
Unit 5 0,5838 4 0,6430 3 0,5677 4 0,4932 8 0,5614 4 0,5047 6
Unit 6 0,5107 5 0,8045 1 0,5685 3 0,6300 2 0,7737 1 0,5595 3
Unit 7 0,7055 1 0,5452 6 0,6951 1 0,5432 5 0,6217 2 0,5238 4
Unit 8 0,4830 0,5015 7 0,4617 6 0,6218 3 0,5096 8 0,6215 2
Unit 9 0,3662 9 0,4764 8 0,3510 10 0,4104 9 0,3414 10 0,3275 10
Unit 10 0,0510 12 0,0597 12 0,0287 12 0,0582 12 0,1049 12 0,0355 12
Unit 11 0,2617 11 0,2740 10 0,2218 11 0,2048 11 0,2229 11 0,2208 11
Unit 12 0,3244 10 0,2594 11 0,4307 8 0,5388 6 0,6091 3 0,4147 8
(on
average 0,4525 0,4919 0,4429 0,4661 0,4839 0,4313

Sequences Average Ci Unit

Table 11 shows the annual performances made by 6. 0,5092 Unit 5

averaging the monthly Cf point s of all units to carry out 7. 0,4734 Unit 12
an evaluation on annual basis over the monthly changes. 8. 0,4720 Unit 4
Table 11: Points and Sequences C i+ of 2012 Averages of Units 9. 0,4665 Unit 1
Sequences Average Ci Unit 10. 0,3678 Unit 9
1 0,6343 Unit 2 11. 0,2571 Unit 11
2 0,6071 Unit 7 12. 0,0460 Unit 10
3 0,6033 Unit 6 )(average 0,4617
4. 0,5718 Unit 3
5 0,5326 Unit 8
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Figure 1 shows the course of the distribution above mentioned.

Distrribution-by-months
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Figure 1: Cr points distribution of 2012 for Family Practice Units

Figure 2 shows the relation of point of each unit with current months’ average point. In this way, compared comments
about quantity of the unit’s performance will be able to be obtained.
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Figure 2: Comparison of Points of Each Family Practices C i+ points according to the Monthly Average points Ci+
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When the results are examined; while respectively
performances of unit 2, unit 7 and unit 6 and unit 3 were
considered as successful, performances of unit 10, unit 11
and unit 9 proved to be low. In addition, performance
points of unit 1, unit 4, unit 5, unit 8 and unit 12 were seen
closed to the mean and performances were measured on
the mean level.

When it is calculated monthly base, unit 2, unit 7 and
unit 6 showed four times the best performance of the
month. Unit 10 became the unit showing each month the
worst performance due to being an under-populated and
new-opened residential area.

4. CONSTRAINTS OF RESEARCH

In research, there is a constraint in terms of method and
application. However, it is considered as a constraint that
the units have been tried to be measured on data, whose
unit performances are observed (recorded), in spite of this
environmental and personal factors are not taken into
consideration, for the study. In addition; because the study
have been made at a small location, not obtaining adequate
sample results may be discussed in terms of
generalization. In further studies, doing studies in different
regions may contribute to the literature by increasing
sample number.

5. CONCLUSION AND DISCUSSION

Importance of primary health care services, which is
one of the most important steps in the transition to the
preventive-protective health system from curative health
system creating a big financial burden on the states in
today's conditions, is increasing. In this context, family
practice service, which Turkey Ministry of Health has
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Abstract

Interchangeability is the distinguishing feature of modern manufacturing. A huge production capacity to satisfy the people is reached thanks
to that concept. Yet that prospect brought up a dilemma too. Efficient but inflexible flow lines for very limited product types on one side
and unproductive flexible batch production for numerous diverse parts on the other side. The remedy is thought of as Cellular Manufacturing
(CM). That seemed a brilliant idea but the proliferation of CM has never reached to the expected levels. This paper discusses the probable
causes of this discontent by referring both academic and practical issues and tries to give some clues to improve the achievements of further
CM applications by emphasizing of the contemporary tools like computer techniques, especially emerging approaches of artificial
intelligence as well as organizational and social issues.

Keywords: Production Systems, Cellular Manufacturing, Group Technology.

Jel Code: D2, L61, 033

HUCRESEL URETIM SISTEMLERI: YAPI, EGILIMLER VE
YENILIKCI YONTEMLER

Ozet

Montajda kullanilan pargalardaki degistirilebilirlik, modern imalatin belirgin bir niteligi olmustur. Giiniimiiz insanlarina doyum saglayacak
muazzam bir {iretim giiciine de yine bu kavram sayesinde erisilebilmistir. Ancak bu kavramdan yararlanma gayretleri, bir ikilemi de
beraberinde getirmistir. Bir yanda degistirilebilirlik sayesinde yiiksek verimlilikle ama son derece sinirli tipte iiriin {ireten ve esnek olmayan
seri liretim hatlar1 diger yanda da gesit ¢esit {irlinii iiretebilen esnek ama verimsiz parti tipi iiretim sistemleri ortaya ¢ikmistir. Her iki iretim
tipinin iistiin yanlarin1 birlestirecek gare de, uzun bir siireden beri Hiicresel Uretim (HU) olarak goriilmiistiir. Fakat ilk bakista, cok parlak
bir diisiince olarak goriinen bu yaklasim da, hi¢bir zaman kendinden beklenen hizla yayginlasamamistir. Bu makalenin amaci da, buradaki
celiskinin kuramsal ve uygulamaya yonelik kaynaklarini irdeleyip, 6zellikle bilgisayar gibi araglar ve yapay zeka gibi yeni tekniklerin
saglayacag1 olanaklar yaninda isin orgiitsel ve toplumsal yonlerini vurgulayarak HU uygulamalarindaki basari diizeyini yiikseltebilecek
baz1 ipuglarini ortaya koymak olmustur.

Anahtar Kelimeler : Uretim sistemleri, Hiicresel Uretim, Grup Teknolojisi

Jel Kodu : D2, L61, 033

assumptions and formulization of Cell Formation (CF)

1. INTRODUCTION Problem; briefs the classical methods and introduces
advanced techniques developed for CF by taking design,

This paper points out some basic concepts which layout and operational aspects into account. Meanwhile
modern manufacturing is based on; explains the rationale some clues to encourage successful CM applications are

behind CM; calls attention to the important points,
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given. Organizational and social perspectives are also
concerned to encourage the possible practical applications
and academic research.

In his time-honored article Maslow (1943) states that
“The average member of our society is most often partially
satisfied and partially unsatisfied in all of his wants. Thus
man is a perpetually wanting creature”. Accordingly
manufacturers bear the mission to fulfill these everlasting
demands to innumerable kinds of products.

A typical end product, meeting the requirements of end
users consists of several subassemblies which in turn are
made of certain parts. Parts are the leaves of the conceptual
tree that resembles the Bill of Materials (BOM) of that
product. Each entity on that tree is called as a component.
Parts are special kinds of components at the lowest level
of that hierarchy. It is not possible to separate them
meaningfully into lower level articles.

In fact, very few of these parts are inclined to be
produced by a single operation. Since any usual machine
is specialized to perform only a certain simple operation;
a series of operations, hence a sequence of machines are
needed to attain the final characteristics of the part in
concern. These attributes might be related to crystal
structure,  consequently the crucial mechanical
characteristics of the material; the shape, dimensions,
tolerances, texture, color or surface quality of the part, or
like.

Specifications explicitly describe technical
characteristics of an item or product. They document the
requirements of what that particular product should be.
The verifiable details stated on specifications, enable the
producers to manufacture interchangeable parts.
Interchangeability is the distinguishing feature of the parts
produced by modern manufacturing facilities. These parts
are assembled to form end products. Since they are
practically identical, no custom fitting like filing, leveling
or smoothing is needed to assemble them. Replacing of
worn or damaged components by spare ones is also easy
thanks to interchangeability since they are made to
specifications that ensure that they are so nearly identical
to fit into any device of the same type. Therefore the time
and degree of skill required by the person doing the
assembly or repair are dramatically reduced.

All the objects manufactured as a certain part number
are interchangeable. Here, two key concepts arise:
Quantity and diversity. Kwok, (1992) emphasizes the
steering role of these concepts in production systems
design and he discusses the P-Q diagram originally
devised by Muther to reveal their comparative weights.
Here, each part number produced in a certain
manufacturing concern is resembled by a vertical bar
where the length of the bar is proportional to the quantity
of corresponding item. Those bars are sorted from left to
the right by descending order of their lengths, as in ABC

analysis. The few items at the leftmost of the chart are the
ones possessing of the highest demand. They lend
themselves to be produced in a line by a flow type
production system.

Flow type systems are also called as serial production
systems since the employed machines are arranged as one
after the other. They are special purpose machines in
general. Their production rates are high. But they are quite
expensive and special orders are needed to procure them
since they are not standard utensils. Anyhow they run
economically, producing huge amounts of parts,
distributing of the fixed costs to a larger number of
products so reducing of the unit costs due to economics of
scale. A stable production is provided and handling costs
are minimized by serial production.

Processes like investment casting or machining on a
multi-coordinated machining center bring about the parts
into their final shape in one step only. In fact these types
of processes are not so common. Therefore each part to be
produced requires a particular sequence of operations at a
sequence of machines in general. At the end of each
successive operation, raw material gets more similar to the
end product. The sequence of operations is called as
routing. Each part number has its own routing. If the
machines are lined up by the same sequence, that series of
machines progressively gives the shape to the part.
Anyhow merely arranging of the machines in a line is not
sufficient to get a flow system. Synchronization of
operations is also required. In other words, operation times
on each machine should be the same or nearly same to
avoid interruption or accumulation of flow between
machines.

Providing of synchronization in operations is a tough
problem requiring a considerable concordance between
product, process and tooling. Additional drawbacks of this
type of production are the basic prerequisite of high
production rates and their inherent inflexibility. As
production rate increased, unit costs reduce as explained
above and expensive equipment is more easily paid off.
But higher production rates are only possible with high
demands to specific parts whereas this is not the case in
general. Inflexibility of these systems on the other hand,
arises from the parallelism principle to be followed in
constructing of flow lines. In fact, each of the machine
types on the line must coincide the routing of the parts
planned to be produced on that line to get the maximum
benefit of flow lines. If some machines are passed over and
some others are revisited, smoothness of the flow is lost.
So only those parts with identical at least very similar
routings are prone to be produced on a certain line. As a
result neither number of part types nor production rates are
flexible.

Thus a very small fraction of goods are produced in
series systems since high demand and low variety items
are quite rare. At the other extreme of P-Q diagram, low
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quantity-high diversity parts take place. This kind of parts
requires superior flexibility to be produced. Universal
machines provide that flexibility by expense of efficiency.
These universal machines produce a larger spectrum of
items. A universal lathe machines virtually all the
cylindrical parts while a universal milling machine
machines any prismatic part. But positioning and fixing of
different items on these machines require a substantial
skill and time. Either skilled operators or jigs and fixtures
are needed for this purpose. In any case, a setup time and
an expense are in concern.

Setup requires a considerable time compared to
operation times. A press for instance might produce
several parts within a minute but several hours of work is
required to align the die to the machine in general. So
manufacturers tend to produce as much parts as possible
following their noteworthy effort for setup. Anyhow,
demand is not the unique upper limit in determining the
number of parts in a batch. As batch size gets larger, the
cost of setup time is distributed to a larger number of parts.
Consequently unit costs reduce. On the other hand, a larger
number of items mean an increase in holding costs. The
trade-off between these two costs is Economical Batch
Size which is conceptually the same with Economic Order
Quantity in inventory control.

A greater part of the world manufacturing is carried out
by batch type production systems, by lot sizes of lesser
than say a hundred. Batch type manufacturing is flexible
enough. These systems are capable to produce a large
variety of parts to meet a range of demand levels within an
extent of due dates. They are adaptable but inefficient. The
reason for their inefficiency is not the setup times alone.
Effect of non-operating times on inefficiency is more
severe. Machines employed by batch type shops are
flexible but they are neither lined up nor synchronized. So
a vast amount of time is lost between machines. The
machine for following operation is distant, busy, and even
indeterminate in general. If operation times are in the order
of minutes, setup times are measured with hours. In
practice, a week of non-operating time is thought for each
operation as a rough cut.

Here the question arises “Is there a way to amalgamate
the flexibility of batch type production systems with
efficiency of series systems”. The answer lies on the
relation of quantity and variety since distinguishing factor
in choosing of production system lies behind their relative
importance.

If the parts requiring the same machine sets are grouped
as part families and they are allocated to certain production
units encompassing the required machine sets, diversity in
any unit (cell) reduces to one while the quantities increase
considerably. Consequently efficiency of flow lines is
combined with flexibility of batch production (Wu et al,
2007). Some major benefits offered by CM include
reducing the lead time, setup time, material handling, and

work in process. These benefits lead to better delivery
times, quality improvements, more efficient management
and customer satisfaction. The application of CM is also
an appropriate first step towards unmanned production
(Spiliopoulos & Sofianopoulou, 2008).

Although this idea seems very impressive, achievement
stories form practice is very rare and level of satisfaction
is quite low. Clegg et al (2002) reminds that overall rates
of success of the practices are moderate, with some
successes but also high rates of failure too. Likewise
Manning & Jensen, (2006) remarks the machines isolated
into a cell by accentuating the loss of pooling synergy of
the shops moving from a departmental to a cellular layout
and presents a spreadsheet approach to deal with
consequent underperformance. Human and organizational
factors in new manufacturing system implementation also
play a central role. It is thus crucial to identify and reduce
those performance obstacles for more effective CM
implementation. Park & Han (2002) lists the important
factors in CM implementation as training, education,
information, teamwork skill, supervision, and scheduling.
Of course, technical aspects are also worth to mention.

The objective of this chapter is to discuss the possible
reasons of frustration caused by limited success of CM
applications and to give some clues to improve the
achievements of further ones by emphasizing of
contemporary tools like computer techniques, especially
emerging approaches and artificial intelligence as well as
organizational and social issues after identifying of the
basic concepts and explaining of the rationale behind CM..

2. BACKGROUND

Group Technology (GT) is launched by Mitrofanov in
Russia at forties and developed by Burbidge in England
later (Singh, 1993). That technology is based on the idea
of ‘getting similar parts together to make use of their
similarities in design and production’ (Kamran & Parsai,
1992).

A flange, for example, is a circular flat part used to
connect the pipe ends to each other. Flanges are welded to
pipe ends, in turn; these flanges are fastened facing to one
another by bolts, so pipes are connected. A flange is
basically a disk with a large central hole which fits to pipe
diameter, and several smaller holes around large central
hole for bolts. In fact, thickness and diameter of the disk
itself, diameter of the large hole, numbers and sizes of the
small holes and their locations differ. Part may has
recesses, chamfers, or other secondary shape features. So,
hundreds of flange types are being manufactured on
production lines. Anyhow the machines, to manufacture
any kind of flange is limited merely by lathes, drills,
maybe of milling machines, regardless of its inherent
shape characteristics and dimensions.
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Bushings, connecting rods and so on are also apt to
similar considerations. Consequently a large variety of
similar parts are most likely produced in distinctive
production units by making use of the improved expertise,
reduced handling costs and better control. In an extreme -
and ideal- case, all the parts are grouped into part families
and all the machines are arranged as manufacturing cells.

Spiliopoulos & Sofianopoulou, (2008) regards the CM
as the key production strategy, in the framework of GT.
Mansour et al (2000) assesses CM as an important
application of GT. Tsai & Lee, (2006) states that CM has
found extensive use in just-in-time (JIT) production and in
flexible manufacturing systems (FMS). Durmusoglu et al
(2003) relates CM directly to Lean Manufacturing.
Pattanaik & Sharma (2009) also discusses the requirement
of new cell design methodology to minimize several non-
value added activities/times such as bottlenecking time,
waiting time, material handling time, etc.

The general idea is to decentralize processing by
creating manufacturing cells. In other words, processing
of each part family in a single machine cluster. The main
objective is to cluster machines and parts into machine
cells and part families respectively so that the minimum of
intercellular part movements will be achieved (Ameli &
Arkat, 2008).

Consequently CF is the main step in designing of a
Cellular Manufacturing System (CMS) (Arkat et al, 2007).
Due to NP completeness of CF problem, many heuristics
have been developed (Mahesh & Srinivasan, 2006). The

PL P2 P3 P4 P5 *

M1|1 (0 [0 |1 |1 [19 M1{1 |0 (0 |1 |1
M2|0 (1 |1 |0 |0 |12 M3{1 |0 (0 |1 |1
M3|1 (0 [0 |1 |1 [19 M2{0 |1 (1 |0 |O
M4|0 (1 |1 |0 |0 |12 M410 |1 (1 |0 |O

Initial values (Prepare After sorting of
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natural tool used in CF is the incidence matrix. Columns
of this matrix are the parts to be produced and the rows are
available machines. If a part needs a certain machine to be
produced, the corresponding matrix entry is one;
otherwise it is zero. That matrix representation can be
interpreted as binary numbers both at the rows and the
columns.

Binary Ordering Algorithm makes use of that
interpretation. Although it is a naive idea, with a low
discriminating power as a clustering algorithm, it is a
useful means to explain the block diagonalization concept.
A five parts four machines incidence matrix is given at the
leftmost edge of Figure 1. If the first row of that matrix
can be interpreted as the binary value of 10011, its decimal
equivalent is 19 as shown at the right of the first matrix.
Values of the other rows are 12, 19 and 12, respectively.

The rows are sorted in descending order by their values.
Second and the third rows are interchanged and the second
matrix is obtained. Second matrix is copied as third matrix
for clarity purposes without any change. Now the columns
are interpreted as binary numbers. They are 12, 3, 3, 12,
and 12 respectively as seen at the bottom of the third
matrix. If the columns are sorted likewise, this time
columns 2 and 4 as well as columns 3 and 5 swaps and the
forth matrix is obtained. By noticing that the values at the
rightmost edge of the figure (decimal equivalents of the
binary values of the rows of the last matrix) are in
descending order, the algorithm stops.

PL P2 P3 P4 P5 PL P4 P5 P2 P3 *

M1{1 |0 |0 (1 |1 M1j1 1 1 (0 O 28
M3|1 |0 |0 [1 |1 M3|1 1 1 |0 0 28
M2|0 |1 |1 [0 (O M2 0 0 0 |1 1 |3
M40 |1 |1 (0 |O M4 0 O O (|1 1 (3
+ 12 3 3 12 12 + 12 12 12 3 3
Prepare to sort the Stop the algorithm

columns (Block diagonalized)

* row values, + column values

Figure 1. Block Diagonalization by Binary Ordering Algorithm

The column and row operations are also applied to
machine and part names. Consequently the information on
the matrix is not destroyed. As seen, two clusters are
obtained at last. The first cluster corresponds to the first
cell. Machines 1 and 3 as well as parts 1, 4 and 5 takes
place there. Machines 2 and 4 are at the second cell. They
will operate on parts 2 and 3 there. Entries with a value of
1 are completely diagonalized at last. In other words,
blocks of ones are placed on the main diagonal of the
matrix. Of course this is not the case in general. And more
powerful methods are needed to diagonalize larger and
more difficult matrices.

Another methodology to form manufacturing cells is
based on similarity coefficients concept in conjunction
with clustering procedures. These coefficients are devised
to reveal the similarities of part pairs to decide whether
they belong to the same part family or not. For each
possible part pairs a coefficient is determined. The most
common type of these coefficients is defined as ‘the ratio
of the number of machine types required by both parts to
the total number of machine types in the system’. Further
types of coefficients are also defined of course. Yin &
Yasuda (2006) develop a new taxonomy to clarify the
definition and usage of various similarity coefficients in
designing of CMSs. They also proved that similarity
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coefficients based methods are more flexible than other
CF methods.

A variety of clustering algorithms are defined to reveal
the meaningful groupings by making use of similarity
coefficients. Murugan & Selladurai (2007) examines three
array-based clustering algorithms, namely rank order
clustering (ROC), rank order clustering-2 (ROC2) and
direct clustering analysis (DCA) for CF, with a real-life
example to demonstrate the effectiveness of various
clustering algorithms.

Burbidge (1992) argued that design, shape and other
characteristics are not useful in CF but the processing
requirement for each part is the only information that is
needed. However a survey of many companies that use
CM found that only in rare circumstances were companies
able to identify mutually separable clusters of machine
cells and part families (Wemmerlov & Hyer, 1989). In
practice, the creation of completely independent
manufacturing cells is very seldom feasible so one
attempts to decrease as much as possible the intercellular
traffic, that is, the traffic generated by parts visiting
machines in different cells.

The example shown in figure 1 is reached into a perfect
solution. In other words, all the non-zero terms are in
diagonal blocks (highlighted by surrounding rectangles)
and none of them remain outside. Probable non-zero terms
outside the diagonal rectangles refer to exceptional parts
that require intra-cell movements. They also mark the
shared machines to be duplicated for complete partition,
in other words, solutions are not prefect, in general.

These no perfect clusters necessitate a tool to evaluate
the goodness of groupings. Efficiency is one of the well-
known criteria employed for this purpose. It is based on
the density of the non-zero elements in the diagonal
blocks, and the density of zero elements in off-diagonal
blocks. Kumar & Chandrasekharan (1990) critically
discuss the efficiency concept and advocate the concept of
efficacy to measure grouping goodness. Efficacy is
defined as the ratio of the ‘number of in-cell operations’ to
the ‘number of all operations plus zero entries in diagonal
blocks’. Many data sets ranged from perfectly groupable
to the most ill structured ones are analyzed by
Chandrasekharan & Rajagopalan (1989) to determine the
major factors affecting of the groupability. They found
that groupability is mainly based on standard deviation of
Jaccard similarity coefficients where Jaccard coefficient
between two rows of incidence matrix is defined as the
ratio of ‘number of pairs which both are non-zero’ to
‘number of pairs which either are non-zero’. They
concluded that if standard deviation of Jaccard coefficients
falls outside of the range of 0.2 -0.35, such matrixes can
safely be rejected as unsuitable for GT applications.

Kumar & Vannelli (1987) developed two algorithms to
determine the parts to subcontract to minimize the total

cost while increasing the groupability of system. Recently,
fuzzy clustering has been applied in GT because the fuzzy
clustering algorithms can present partial memberships for
part-machine cells so that it is suitably used in CMSs for a
variety of real cases (Yang et al, 2006). Namely, other
numbers between 0 and 1 are also allowed reflecting of the
membership value of a certain part to a machine. As a
consequence the crisp problem of groupability softens.

In CF problems, the number of cells is also a critical
factor in view of the fact that it is not apparent before
solving of the CF problem. Won & Currie (2006) proposed
a new p-median formulation considering real-world
production factors such as the operation sequences and
production volumes for parts to determine optimal number
of machine cells and associated part families. Yin, (2009)
also introduce a mathematical model to find the economic
number of cells that minimizes the total sum of intracell
and intercell movements costs without solving the CF
problem. Anyhow virtually all the techniques leave the
determination of optimal number of cells to conclusion of
the algorithm itself. In fact some administrative and
technical factors like skilled manpower or equipment
restrictions necessitate a priori awareness of cell numbers.

Siemiatkowski & Przybylski (2007) focus on process
planning within facilities of definite processing
capabilities, under the consideration of multiple choices of
process routings. They investigate alternative process
flows by simulation. Safaei et al (2007) and Mehrabad &
Safaei (2007) deal with dynamic and uncertain conditions
due to imprecise nature of product mix and part demand.

Mahdavi & Mahadevan (2008) states that sequence
data and flow patterns of various jobs has been a least
researched area in CF. In fact that patterns also provide
valuable information on appropriate sequence of machines
to be located. Ahi et al (2009) appreciate the importance
of machine locations and they determine CF, intracellular
machine layout and cell layout as three basic steps in the
design of CMSs. Arkat et al (2007) uses simulated
annealing (SA) as an optimization tool and states that CF
and cellular layout design as two main steps in designing
of a CMS.

Ameli & Arkat (2008) focus on the configuration of
machine cells considering production volumes and
process sequences of parts. They also examine alternative
process routings for part types and machine reliability
considerations. Chan et al (2008) lists the recent problems
to be dealt as production volume, operation sequence,
alternative routings, allocation sequence of machines
within the cells (intra-cell layout) and the sequence of the
formed cells (inter-cell layout). Hu et al (2007) propose an
integrated approach to consider cell system layout and
material handling system selection simultaneously.

If the major concern of management is the cost cutting
strategies, they should also deal with spatial coordinates of
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machines as well as their assignments to cells, to minimize
the transportation cost (Sarker & Yu, 2007). Similarly, Lei
& Wu (2006) presents a multi-objective tabu search
algorithm to minimize the weighted sum of inter-cell and
intra-cell moves and the total cell load variations. Angra et
al (2008) presents a workload-based model. They balance
the workload of the cells keeping in mind the even
distribution of processing times.

Further, Koufteros & Marcoulide (2006) seeks external
integration by forming strategic partnerships involving
customers and suppliers to coordinate activities across the
value chain. Kumar (2004) remarks the need for
conducting research in the areas at the interface of mass
customization and supply chain management where mass
customization is defined as, ‘technologies and systems
that deliver goods and services that meet individual
customer’s needs with near mass production efficiencies’.
That is exactly what CM is aimed.

Satoglu et al (2006) advocates decentralized mini-
storages against using of central storage sites as a
continuation of the past habits. They also claim that such
storage centralization both violates the independence of
the cells from the entire production system in terms of
facilities and prevents the reduction of both materials and
parts transportation.

Braglia et al (2001) characterize material handling
systems selection for manufacturing cells is a complex and
risky affair due to intangible factors, a large number of
possible equipment alternatives; the high investment
required and uncertainty of market environment. Sujono
& Lashkar (2007) proposes a method for simultaneously
determining the operation allocation and material handling
system selection in a CM environment with multiple
performance objectives.

Kizil et al (2006) evaluates the effects of various
dispatching rules on the operation and performance of
CMSs which uses automated guided vehicles. Das et al
(2007) proposes a preventive maintenance planning model
for the performance improvement of CMSs in terms of
machine reliability, and resource utilization. They also
urge to minimize the total system costs and maximize the
machine reliabilities.

Andrés et al (2007) examined a disassembly system
with a cellular configuration. And they offered a two-
phase approach to determine the optimal disassembly
sequence to achieve good utilization levels of the
equipment Copuroglu (2000) solved the CF problem by
simultaneous consideration of tool shearing in aviation
industry. Defersha & Chen (2006) proposed a
comprehensive mathematical model to match the tooling
requirements of the parts with the tooling available on the
machines in CMS design. They also considered dynamic
cell configuration, alternative routings, lot splitting,
sequence of operations, multiple units of identical

machines, machine capacity, workload balancing among
cells, operation cost, cost of subcontracting, part
processing, tool consumption cost, setup cost, cell size
limits, and machine adjacency constraints in that model.
Tsai & Lee (2006) developed a general purpose model
which offers the suitable modules that include the different
objective functions and constraints for user to solve the
related problem.

As an alternative, modular machines are considered as
production units consisting of some basic and auxiliary
machine modules. By changing the auxiliary modules,
different operations can be performed on these machines.
Pattanaik et al (2007) devised a reconfigurable
manufacturing system considering minimization of inter-
cell movement and the total changes in auxiliary modules
for the given production horizon. Baykasoglu (2003)
proposed the capability-based distributed layout approach
for job shops which are working under highly volatile
manufacturing environments in order to avoid high
reconfiguration costs.

As a substitute to conventional cells, Virtual
Manufacturing (VM) cells can significantly improve the
performance of manufacturing systems by developing of
flow patterns as well as providing higher efficiency,
simplified production control, and better quality. A virtual
cell is a group of machines that is dedicated to the
manufacturing of a part family, though this grouping is not
reflected in the physical structure of the manufacturing
system. Organizing of production control systems along
with such groups offers the possibility of achieving the
advantages of CM in non-CMSs.

Nomden et al (2006) reviews the literature and results
in a comprehensive framework which identifies the
underlying principles of VMs and classifies the different
VM concepts. An extensive simulation study conducted
by Nomden & van der Zee (2008) showed that a small
number of alternative routes will mostly suffice but a
chained distribution of routes is preferable, and additional
secondary resources are relevant only under specific
conditions. Akturk & Yayla (2006) selected the
technology of each cell individually and developed a
hybrid of flexible and dedicated manufacturing systems at
the same facility to manage the product variety in unstable
markets.

To incorporate product mix changes into an existing
CMS many important issues have to be tackled.
Bhandwale & Kesavadas (2008) presents a methodology
to fit new parts and machines into an existing CMS
thereby increasing machine utilization and reducing
investment in new equipment.

Once a need for change has been identified, then the
complex nonlinear and black box process of changing
commences. This period will comprise a number of
different tasks, activities, and decisions for individuals and
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groups both within and outside of the organization
(Dawson, 2005). Chakravorty & Hales (2008) studied the
CM failures reported in industry and tried to explain how
and why manufacturing cells evolve over time. They
advised ‘conflict management skills’ to resolve the
dominant human problems at the beginning and ‘formal
problem-solving methods’ to resolve the technical
problems at a later phase. And they claim that in the third
stage, both human and technical problems improve, and
cells begin to perform at the optimal level.

Today’s complex, unpredictable and unstable
marketplace requires flexible manufacturing systems
capable of cost-effective high variety—low volume
production in frequently changing product demand and
mix. Fractal organizations are capable of processing a
wide variety of products by allocating all manufacturing
resources into multifunctional cells to achieve system
flexibility and responsiveness.

Montreuil et al (1999) introduced the fractal concept by
dividing a plant into several quasi-identical micro-
factories where each fractal has the ability to produce a
wide variety of parts. Multi-channel manufacturing
(MCM) systems, proposed by Meller could be considered
as a type of fractal entity (Ozcelik & Islier, 2003). Saad &
Lassila (2004) indicated the need for a trade-off between
machine quantities and material traveling distance in
fractal layout design.

Even though CM is a several decades old initiative;
continuous academic research and accumulation of
experience in practice still encourage inspiration,
simulation, and confirmation even realization of new CM
versions. Heragu (1994) provide thorough literature
surveys and classification schemes. Venkatadri et al
(1997) assert that holonic layouts with their robust
structure are advantageous if very little information
available about products and their specific routings. Islier
(2000) regards functional, cellular and fractal layouts as
special cases of holonic layouts. Irani & Huang (2006) list
the versions of cellular layouts as: agile, dynamic,
holographic, hybrid, robust, flexible, holonic, multi-
channel, responsibility networks, modular layout and
virtual cells.

Reisman et al (1997) analyses 235 articles starting from
1969 and examines the research strategy employed by the
authors and concludes that the literature is dominated by
articles classified as pure theory using synthetic data.

Marsh et al (1999) lists the well-known 10
presumptions on CM as: CM group the similar equipment
to make part families; CM conversions are
comprehensive, not incremental; cell design is a difficult
problem; objective is to minimize intercell transfers; larger
cells lose efficiency; reminder cells (cells formed by
grouping of off diagonal machines) are common;
subcontracting and equipment duplication are useful

alternatives; cell workload balance is important; flexibility
loss is a disadvantage of CM. By following a study
conducted in 14 CM case sites they concluded that ‘many
of the problems researchers are investigating’ are not those
that ‘managers are actually concerned with’, due to
different perspectives and understandings of two groups.
At last they propose to increase communication between
these two parties to rectify this situation.

Wemmerlov & Johnson, (2000) list their empirical
findings on manufacturing cell design after a survey on 46
cell users as follows: CM is recognized as a tool for
improvement of time, cost and quality; unsophisticated
approaches are used in designing and implementing of
cells; routing data is used as the primary source but it is
distorted; strict targets for success is not set forth; single
operator cells are common; safety and ergonomic
considerations are kept in mind; cells are quite versatile
(they contain multiple processes); implemented cells are
quite flexible and robust.

Murugan, & Selladurai (2007) reports a reduction of
34.89 percent in material handling distance and an
improvement of 20.21 percent in productivity by using of
CMSs in a submersible pump industry which leads to a
faster response than the current system and increased
production accuracy, to yield more timely responses and
more competitive business ability. Da Silveira (1999)
developed a three phase methodology to implementa CM.
The phases he devised are: Preparation (determination of
objectives and constraints, customization of the
environment), identification (data gathering, grouping,
scaling, and aligning) and installation (planning,
assignment, application and final adjustments).

Durmusoglu et al (2003) examined 207 manufacturing
cells at 44 manufacturing firms, which are the leaders in
their sectors in Turkey with international qualifications.
As they report, the advantages achieved are enumerated by
managers are as follows: Reduction of materials handling
distances / times, increase in throughput, saving from
process area, flow time reduction, reduction of WIP,
reduction in setup times, decrease in scrap, production cost
cut down, improvement in response time.

In the last years different metaheuristic methods have
been used to solve the CF problems. Andrés & Lozano
(2006) presents a population-based evolutionary
computation technique based on a social behavior
metaphor, namely particle swarm optimization (PSO)
algorithm designed to address this problem. Islier (2005)
and Kao & Fu (2006) developed Ant Colony Optimization
(ACO) methodologies to solve the problem. Numerous
Genetic Algorithm (GA), Simulated Annealing (SA) and
Tabu Search (TS) techniques are also found in literature
developed to solve CM problems.
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3. PROBLEMS IN CMS AND RECOMMENDED
SOLUTIONS

Above literature survey revealed several remarkable
points related to CM design and implementation practices.
Additionally some drawbacks of the paradigm and tools
used in CM design became apparent. This section will
address some clues to cope with the problems and some
recommendation after itemizing of the remarkable points
faced in current research.

3.1. Remarkable Points and Problems in Paradigm and
Implementations

As seen from the discussions on previous section:

. Potential and real improvements brought by
CMSs on materials handling, throughput, space utilization
and flow time are considerably appreciated both by
academicians and practitioners. So it is not possible to
imagine a modern manufacturing system without
prospects offered by CMSs.

. Anyhow success stories from real world are very
limited compared to vast amount of theoretical study and
high level of expectations.

. Each hypothetical study on CM covers only a
very restricted part of the problem by disregarding of the
whole view. Nevertheless each study is a minute but a
stable step and a contribution to final solution.

. CMS design is not an isolated process. It is
related with GT, JIT, FMS and even with Lean
Manufacturing.

. GT is not a good starting point for a CMS
implementation since it is based on shape similarities
rather then process similarities in general. Anyway shape
similarities provide incredibly valuable information for
product design and drafting phase. This information and
material may support parts and tooling standardization,
save the unnecessary effort and time lost by repetitive
work.

. A FMS is basically a manufacturing cell with
central computer control plus computer controlled
machines and materials handling system. Such systems are
automation islands in shop level and they are considered
as stepping stones to wholly automatic unmanned
production systems. This impression leads to exaggerate
the unrealistic expectations from CMSs.

. Theoretical studies are naturally based on lots of
assumptions, idealizations and neglecting of many
important issues of real world. This lead to successful but
inapplicable models.

. On the other hand practical approaches overstate
local improvements disregarding of a global approach.
Kaizen in lean production scope especially is presumed as
a traditional productivity improvement effort and used to

achieve prompt and confined results. Anyhow a
systematic and full-blown approach is a must for a
complete accomplishment.

. Another shortcoming of cell design procedures is
to pay greater importance to cell independence then that of
cell flexibility. Consequently life cycle of the cell is
curtailed. In addition, staring of CM projects by low level
targets reflects the short sighed expectations of firms
(Durmusoglu et al, 2003).

. The role of incidence matrix in cell design is over
emphasized. This tool orientates to an ‘either all or not’
understanding. Vague characteristic of real world is
disregarded. Exceptional part and sheared machine
problems are left unsolved. Subcontracting possibilities
and using of potential machines are overlooked.

. Resource identities to be allocated into cells are
taken as machines although there is no exact one to one
correspondence between machines and capabilities. This
consideration does not decrease the flexibility of
assignment decisions only but it also cause unfavorable
effects on machine utilization and investment costs.

. Developed algorithms decide on the number of
cells by themselves, in general, without leaving any degree
of autonomy to designers. In fact the resources, for
instance, number of potential cell leaders is limited in most
cases. In addition, the Law of Diminishing Marginal
Returns is valid for number of cells, so decision makers
might willing to form only the most promising cells.
Furthermore risk aversive decision makers tend to gradual
and prudent implementations.

. Cost of each cell implemented is most likely at
the same order but benefit of each added cell diminish ever
more, that is, system is saturated gradually so there should
be a trade off between costs and benefits. Consequently a
break even analysis should be done to determine the
optimal number for cells. This number can be interpreted
as an indication of rational level for interest on CMSs. A
lower interest means lost of some opportunities while an
immoderate enthusiasm lead to resource misuse.

. Unjustified  dependence on  conventional
incidence matrix for CF entails to disregard other essential
information like sequences, times and capacities. As a
result potential opportunities from optimal number of
machines and the favorable locations to place them are
missed.

. CM implementation starts with a CMS design, in
turn, it begins with a CF study. This step is based on
incidence matrix which is formed by using of routing data.
In fact routing data is inaccurate, vague and out of date in
general. Alternative routings are disregarded as a general
rule.

. Another problem is dynamic -even volatile-
nature of production environment. Routing data are static,
specifically; they reflect only an instantaneous picture of

Alphanumeric Journal

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

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



21 Cellular Manufacturing Systems: Organization, Trends and Innovative Methods / Alphanumeric Journal, 3(2) (2015) 013-026

the shop in general; even if that representation is precise.
So more robust techniques are required to avoid from the
effects of probable errors and changes in product mix,
demands and routings. VM cells with distributed
capabilities seem as a prospective solution to respond to
that dynamic structure.

. Although some studies deal with other issues
beyond CF such as intercell and intracell layouts, materials
handling equipment selection and arrangement of storage
units; administrative and managerial issues are mostly
kept in the background.

. Human factors like effect of unions, teamwork,
synergy, competition, incentive plans, and disabled people

are not sufficiently concerned. Environmental factors are
also disregarded.

. Guidelines or a general purpose roadmap to
switch to CM is not available for those who plan to switch
to CM.

An old adage used for layout problems can be applied to
CM problems as ‘CM problems look like birds, both their
numbers and types are virtually infinite’. Consequently a
unique roadmap, a unique approach, a unique model is not
possible in fact. Anyhow a check list might be useful for
practitioners. Such a list will also encourage the
theoreticians for further studies. To reach such a list, CM
related issues, controversies and problems faced in
literature survey are brought together in Table 1.

Table 1. CM related issues and problems

ISSUES

ASPECTS

Category of studies

A vast majority of studies are theoretic

Success stories from real life implementations are very rare

Realism of models

High degree of assumptions, facilitated the modeling but impeded the applicability

Contribution of theoretic studies

Incremental contributions by dealing with remarkably restricted hypothetical problems

Most dealt problem

Cell Formation

The most common tool

Incidence matrix

Insufficiencies of incidence matrix

Inflexible presentation (zero or one only)
Completely independent manufacturing cells is very seldom

Missing information (sequence, time, so on)

GT

Related to shape similarities rather than process similarities

Implication of other | FMS

Leads to unrealistic expectations from CMSs

contemporary
manufacturing Jar

Reduced WIP, decreased material handling, increased production control, and decreased
scrap rate resemble to that of JIT.

technologies
Lean Manufacturing

Prompt but confined results due to Kaizen like productivity improvement efforts.
Overemphasizing of local improvements.

Similarity coefficients based methods

Claimed to be more flexible than other CF methods.

Criterion for groupability and goodness of
groupings

Distribution of Jaccard coefficients for groupability.
Efficiency -preferably- efficacy for goodness of groupings.

Means to augment groupability

Fuzzy clustering, subcontracting, considering of capabilities

Related operational aspects

Alternative routings, load variation

Aspects related with facilities

Materials handling systems, inter and intracell layouts, storage

Administrative factors

Unions, teamwork, incentive plans, synergy, competition

Grouping strategy

Fractal and capability based groupings are promising

Techniques employed

Meta heuristics are faster and more powerful

Computer aid

Compulsory in design and supportive in operation

3.2. Clues to Cope with the Problems and Some
Recommendations

Modern manufacturing systems reached to a huge
production capacity thanks to interchangeability concept.
Anyhow this potential brought two contradicting problems
to be solved for a successful production: Flexibility and

efficiency. CM is launched as a solution to that dilemma
by searching of a trade off. At the moment, even we knew
the right thing to do is a CM application to cope with that
challenge; we also have to know the right way doing it.
That is what this chapter aims to answer.

The first step in solving of a problem should be to
investigate its relevance, its scope, the environment it
takes place, existence of the appropriate data. The factors
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related to firm culture, such as, understandings, behavior,
doubts, expectations, trends, and so on, are also crucial
factors in real life projects. Some questions to reveal these

key factors at the start of a CM project are given on Table
2.

Table 2. Questions to be answered in CM design and implementation

Concerns Questions to be answered

Existence of the problem

Is a CM implementation unavoidable, necessary, useful, required, at least, feasible?

Scope of the problem

How many cells are rational? Is a gradual solution adequate?

Problem environment

Will the problem held in scope of GT, FMS, JIT or Lean Manufacturing?

Demand pattern Is production stable in long range?

Routings Is routing data precise and permanent? What about alternatives?

Machines Are machines modular? Are capabilities defined?

Human resources

Are operators, especially leaders available?

Tooling Will tooling shared or duplicated

Parts Will all the part numbers subject to production? What about subcontracting?

Expectations

Are targets set forth? What about under and over expectations?

Capacity Are loads and number of available machines known?

Space Is available area sufficient as amount and quality?

A CM project is either completely, partly or conditionally
feasible or infeasible. If it is infeasible there is no problem
from CM design point of view since no attempt is in
concern then. Complete feasibility on the other hand,
seems to be an ideal but unusual case. A perfectly block
diagonalized incidence matrix with an efficiency and
efficacy of 1 resemble to that case. Incidence matrices in
real life are not prone to give such prefect solutions. They
are quite sparse and the entries of ones are not realistic.

Routing data is also questionable at the start. It may be
erroneous, not updated, and alternative routings are not
considered. An incidence matrix which displays a
complete partition might be impressive. Or an
improvement of efficacy in the order of ten thousands may
be attractive for mathematicians. But appraisal of
managers will be different.

One of the well known Murphy’s Law states that ‘Wisdom
consists of knowing when to avoid perfection’, so partial
and conditional feasibilities should be examined well for a
rational accomplishment rather than seeking of perfect
mathematical solutions. Break even analysis is a simple
but amazingly powerful tool to determine the reasonable
scope of the problems in hand.

It will be appropriate to begin with a cell only. It is not
difficult to determine the most favorable cell
configuration. That cell will be so apparent to detect by
using of any classical clustering technique. Partial
solutions may incorporate overlapping projects too. At the
implementation stage of the first cell, design of second one
may commence. Each additional cell will improve the
productivity lesser and lesser. Soon a point is reached
where improvements by additional cells cease. This
gradual implementation is also a conservative way to
reduce the risk. Pitfalls detected more easily and

eliminated readily.

Conditional feasibility of CF then may necessitate the
reexamination of routing data. Revised data may lead to a
partial feasibility. Consideration of subcontracting and
duplicating of cheap machines also release the grouping
problem. Another way to deal with conditional feasibility
is to consider non-conventional cell versions. Virtual and
fractal cells and their derivatives are competent
alternatives to be considered.

Virtual cells are physically easy to construct since no
relocation is needed. They are not only practical but also
robust. All the machines remain in their places so no
relocation cost is suffered; only part assignments are
changed. So VM cells are both practical and economical.
In addition simulation studies proved their robustness.
This is a crucial feature in dynamic environments of
course.

Baykasoglu (2003) aims to locate each machine so that the
distance to the following operation is minimized. In fact
the following machine is a vague concept. Any part at any
machine will require a different ‘following machine’.
Determination of ‘next machine frequencies’ may provide
a better tool to design such systems.

Linguists study on a similar concept. In western languages
a Q is most probably followed by a U, for example. In a
similar way a hardening operation is most likely followed
by a grinding. Another example might be the letter X and
a packaging operation. There is virtually no word
beginning with X similarly packaging as a first operation
sounds very strange.

A 26 by 26 matrix prepared by examining of a large
amount of text may give frequencies of letters to follow
each other. A similar study may be done on production
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operations. Here routings are replaced by words and
operations are by letters. If routings are grouped by sector,
location, season and so on, multiple but more uniform
matrices are obtained. If these data structures, say
frequency matrices, are used to locate the next operation,
probably more successful layouts are obtained by
employing of such a biased randomization.

Another alternative to conventional cells is the fractal

ones. Conventional cells, strictly share both the machines
and the parts. In other words a part can be assigned to a
certain cell only, whereas a part might be produced in
more then one fractal cell. As depicted in Figure 2, same
resources may be duplicated at different fractal cells.
Replicated subgroups of AB, CD and PQ are in distinct
cells as noticed at the center of figure 2. As an extreme
case, some versions of fractal layouts consist of identical
cells only.

A B C R S T A B P R S A B C D P Q
D P Q u Q B C D R T u C D P R Q S
C D Q P R S P Q P A B T u C D P Q
S A T D B D T U R P Q R S A B C D
Conventional Cells Fractal Cells MCM Cells

Figure 2. Comparison of cell types

Multi Channel Manufacturing (MCM) can be thought of a
linear version of fractal cells. Ozcelik (2001) and Ozcelik
& Islier (2003) also considered the capacities and flows in
MCM design. These systems are quite flexible and
adaptive, since a part likely follow a different channel if a
certain channel is blocked in real time. For instance, a part
with a routing of CDPQ can be manufactured at the first,
second or at the third channels (at three topmost rows) of
the system shown at the right of figure 2. In addition, it is
also possible to line up the machines to minimize materials
handling costs.

Structure of fractal and MCM cells are not based on strict
partition, that is, their ability in adapting to real life
conditions are not restricted by the nature of incidence
matrix, in contrary to conventional cells. So these non
conventional cells would be more preferable in CM
design. A similar shortcoming of incidence matrix is
confronted in graph theoretic CM design methods since
they are based mainly on graph partitioning techniques.
Anyhow unconventional interpretations of nodes and
edges may lend the powerful tool of graphs to researchers’
service in solving of CF problems.

Fuzzy logic and multi dimensional incidence matrices are
two other ways to avoid the accurate structure of incidence
matrices. Fuzzy logic enables to use fractional values of
membership functions in place of ones and zeros.
Consequently the information there softens and gets more
applicable.

Baykasogu & Gindy (2000), advocates to use Machine
Capabilities as Resource elements in place of machines
themselves, in formulating of CF problems. This is an
innovative idea with a significant contribution potential. It
would be better to define routings as capability sequences
instead of machine sequences of traditional understanding
in Process Design phase. A three dimensional matrix with
dimensions resembling to parts, machines and capabilities
may incorporate the data structure of a potential technique.

Here parts maybe assigned directly to capabilities and
indirectly to machines. This way of thinking may lead a
higher flexibility and result in a higher success.

The last recommendation to mention is the power of
Artificial Intelligence (Al) techniques to solve NP hard CF
problems. Especially, Ant Colonies Optimization (ACO)
is apt to solve the problems related to objects in motion by
its ability to accumulate and share the information gained
from experience. Islier (2005) verified superiority of that
technique to other Al techniques in CF problems. As
known, ACO simulates behavior of ant colonies in their
struggle to survive. Consequently a new technique where
parts are resembled by ants and machines are resembled
by nests or food sources might be developed as a more
powerful CF technique.

Nesting of various Al procedures into a larger general
purpose CF program will increase the benefits obtained
from cell design approaches, Al techniques and computers
simultaneously. Tsai & Lee (2006) already announce such
a general purpose model which offers the suitable modules
that include the different objective functions and
constraints for user to solve the related problem. This
model or an equivalent of it might be used as the prototype
of a meta-program, designed collectively to support the
problem solving efforts of CM community members.

4. FUTURE RESEARCH DIRECTIONS

Since the majority of present research is on theory, the
major need is to understand the industrial reality
surrounding CM, through additional, and more rigorous
empirical research. (Nomden et al 2006). Most
opportunities for future research are in the extension of
testing more proactive versions of CM cells, incorporation
of material handling and human aspects.

Decisive step towards more successful implementations
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seem to be to violate the non-natural restrictions of basic
CF tool, namely, the incidence matrix. Fuzzy entries or
extended data structures covering machine capabilities are
potential means. Upcoming versions of CF techniques
probably assign parts to capabilities, not to machines
directly.

The consideration of new layout types is also very
promising. Fractal structures are not thoroughly
investigated yet. New prospective versions will not only
improve but may radically alter our understandings of CM
and change our expectations, too. MCM with its proven
success might be a starting point for such an investigation.

Sequencing, scheduling, dispatching and expediting of
parts as well as machine set up and operation sequencing
are the issues which are not explored thoroughly.
Developing of related strategies and their validation with
simulation studies and pilot applications may be an
enlightening endeavor. In addition, foundation of a
computer based control systems to monitor the production
without human interference is another subject open to be
investigated.

Enormous diversity of CM problems is the major
challenge for practitioners. An open structured multi
purpose meta-program reflecting of that multi facet,
dynamic, multi criteria, multi decision maker nature of
CM design and implementation problem may provide an
appropriate problem solving environment. Such a program
can be developed on WEB environment by contribution of
CM community members, prone to be expanded
continuously. Commercial programs are prepared
professionally but they are closed to users’ interference
and contributions, by their nature. Consequently their
adaptability is quite limited. So an amateur deal will not
light the way only but will also promote the professional
efforts. A site encompassing such facilities as,
information, archive and links may also provide a proper
environment to communicate.

Real time control of production cells is another domain
where the ability of computers is not fully utilized yet.
Especially MCM like applications require close on line
control to utilize the resources more efficiently. A model
to reflect the objectives and instantaneous constraints as
well as peripheral units to transfer data are needed for such
a control. Bar code or radio frequency like equipment is
necessary to avoid probable errors of manual data input.

5. CONCLUSION

Production is an essential tool to survive and improve for
human beings. Production systems meanwhile urge a
simultaneous efficiency and flexibility for their success
and long-term survival. CM is one of the means to get a
trade off between those two requirements. Anyhow CM is
not a widespread practice yet. The aim of this chapter was
to examine the literature to detect the shortcomings of
present concepts, techniques and paradigm of CM to offer

clues and better tools for further success stories.

A general assessment of the past studies revealed the
following facts:

o Papers on real world applications are quite rare.

o Studies are heavily relied on defective routing data
and a restrictive tool of incidence matrix.

e General engineering problem solving procedure is
not followed by practitioners, in general.

e Complete partition is sought; non conventional CM
versions are not acknowledged enough.

e Machine and capability is thought of two identical
concepts.

o Power of Al techniques is not credited as they worth.

Consequently an encouragement to try the non-familiar
concepts like capabilityy, VM and distributed
manufacturing is a must. Making the practitioners aware
on emerging CM versions, especially VM and MCM, as
well as on the might of computers, real time solutions and
Al techniques is another deal. In fact a paradigm shift is
required to exclude conventional concepts of incidence
matrix, block diagonalization and complete partition,

An offer as Ten Commandments of CM design and
implementation is as follows to conclude the subject:

«CM may be the solution you sought.

¢ You shall not deal with non existent or insignificant
problems.

¢ You shall eat the elephant bit by bit.

e You shall not disregard the problem environment.

e Routing data shall be valid, updated, together with
related data and alternatives.

e You shall not urge for a complete partition.

e You shall rely on capabilities rather than machines.

e You shall try new CM versions.

eYou shall not forget the use of Al techniques,
computer support and WEB opportunities.

¢ You shall not overlook both the internal and external
neighborhoods.
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Abstract

Supply chain management provides customers with the right product or service at a reasonable price, in the right place, at the right time,
and with the best quality possible, thus increasing customer satisfaction. The inventory is held at the multiple sites in a supply chain.
Effective and efficient management of inventory in the supply chain process has a significant impact on improving the ultimate customer
service provided to the customer. Reducing inventory cost, which is a major part of total supply chain costs, will help provide products or
services at a better price. This study aims to compare (R, S) and (R, S, Qmin) inventory control policies in a serial supply chain. We develop
a simulation based genetic algorithm (GA) in order to find the optimal numerical "S" value that minimizes the total supply chain cost
(TSCC) and compare our results between two methods.

Keywords: Supply Chain Management, Inventory Management, Simulation-based Genetic Algorithm.
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SERI TEDARIK ZINCIRINDE PERIYODIK STOK KONTROL
POLITIKALARININ KARSILASTIRILMASI

Ozet

Tedarik zinciri yonetimi, dogru iiriin veya hizmetlerin miimkiin olan en iyi kalitede, dogru zamanda, dogru yerde ve uygun fiyatli olarak
miisterilere sunulmasini saglamakta ve bu sayede miisteri tatmininin arttirilmasina yardimei olmaktadir. Tedarik zinciri igerisinde farkl
kademelerde stok bulundurulmaktadir. Tedarik zinciri siirecinde etkili ve etkin bir stok yonetimi, miisterilere sunulan hizmetleri
iyilestirilmesini saglamaktadir. Tedarik zinciri maliyetlerinin igerisinde 6nemli bir paya sahip olan stok maliyetlerinin azaltilmasi {iriin veya
hizmetlerin daha uygun fiyatlarla miisterilere sunulmasina yardimei olmaktadir. Bu ¢aligmada seri tedarik zincirinde, (R,S) ve (R, S, Qmin)
stok kontrol politikalarinin kargilagtirilmasi amaglanmigtir. Bu stok kontrol yontemleri uygulandiginda, toplam tedarik zinciri maliyetlerinin
minimize edilmesini saglayan “S” degerinin optimal degerini bulabilmek i¢in simiilasyon temelli genetik algoritma (GA) kullanilmis ve iki
stok kontrol politikasinin uygulanmasinin sonuglari karsilastirilmisgtir.

Anahtar Kelimeler : Tedarik Zinciri Yonetimi, Stok Yonetimi, Simiilasyon Temelli Genetik Algoritma

Jel Kodu : M11
markets and gain competitive advantage in the growing
1. INTRODUCTION markets where customer expectations have been rising.
Supply chain management aids companies reduce their
In today's global economy, firms need to manage their costs, represent the products in right times, right amounts
supply chains effectively, in order to survive in the and right places by performing in better and faster
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conditions, thus getting the advantage against their
competitors.

Supply chain management is very different than the
management of one site. The inventory stockpiles at the
multiple sites, including both incoming materials and
finished products, have complex interrelationships.
Effective and efficient management of inventory in the
supply chain process has a significant impact on
improving the ultimate customer service provided to the
customer (Lee and Billington, 1992).

In order to satisfy customer demand timely, firms need
to hold the right amount of inventory. While inventory can
protect firms against unpredictable market conditions, can
be very costly in a supply chain. Given the primary goal
of reducing system-wide cost in a typical supply chain; it
is important to take a close look at interaction between
different facilities and the impact it has on the inventory
policy that should be employed by each facility (Simchi-
Levi et al., 2000).

The main contribution of this paper is two-fold; first, to
develop the simulation part of the solution methodology
using the Microsoft Excel spreadsheet for the sake of
implementation simplicity and second, to implement (R,
S, Qmin) inventory policy developed by Keismiiller et.al.
(2011) in a serial supply chain and compare it with the
classic (R, S) policy. We use simulation based GA to
determine “S” numerical value which will minimize the
TSCC. In this model, the TSCC consists of two cost
components, which are holding and shortage costs. The
remainder of the paper is organized as follows. Section 2
considers inventory control in multi echelon systems and
describes two corresponding inventory control policies,
which are used in this study. In section 3, the solution
methodologies are defined. In section 4, the numerical
example is presented to test the performance of those
policies. Lastly, conclusions are summarized in section 5.

2. INVENTORY CONTROL IN MULTI ECHELON
SYSTEMS

Inventory has a significant role in a supply chain’s
ability to support a firm’s competitive strategy. If a very
high level of responsiveness is required by the firm’s
competitive strategy, this can be achieved by locating
large amounts of inventory close to the customer. On the
other hand, a company can use inventory to become more
efficient by reducing inventory through centralized
stocking. The responsiveness that results from more
inventory and the efficiency that results from less
inventory is the main trade-off implicit in the inventory
driver (Chopra and Meindl, 2010).

Finding the best balance between such goals is often
trivial, and that is why we need inventory models. In most
situations some stock is required. The two main factors are
economies of scale and uncertainties. “Economies of

scale” means we need to order in batches. Uncertainties in
supply and demand together with lead- times in production
and transportation inevitably create a need for safety
stocks. Organizations can reduce their inventories without
increasing other costs by using more efficient inventory
control tools (Axsater, 2006).

Multi-echelon inventory models are central to supply
chain management. The multi-echelon inventory theory
began when Clark and Scarf (1960) published their
seminal paper (Chen, 1999). Clark and Scarf (1960)
consider multi-echelon inventory systems for the first time
in their study and they also use simulation to evaluate
corresponding dynamic inventory model. Their study is a
starting point for an enormous amount of publications on
multi-echelon systems.

There are two different decision systems used in multi
echelon inventory systems and those are centralized
decision system (echelon stock) and decentralized
decision system (installation stock). Decentralized
decision systems only require local inventory information,
while centralized systems require centralized demand
information (Chen, 1999). The centralized decision
system, in which an optimal decision to send a batch from
one site to another, may depend on the inventory status at
all sites and has several disadvantages. In order to use that
kind of a decision system, the firm needs to spend an
additional cost for data movement despite the advanced
information technology. In addition to this, it is difficult to
derive complete general centralized policies. As a result of
this, it is more suitable to limit the degree of centralization
(Axsater, 2006). On the other hand, relatively independent
organizations often control their inventory systems and
make their own replenishment decisions, since different
facilities are normally situated at locations far from each
other in a supply chain (Petrovic et al., 1998; Axsater,
2006). Decentralized decision system does not require any
information about the inventory situation at other sites and
it is not necessary to explicitly keep track of the stocks at
the downstream installations. These are the obvious
advantages of this type of decision systems. (Axsater and
Rosling, 1993).

It is natural to think of the physical stock on hand when
talking about the stock situation. However, stock on hand
cannot be the sole determinant in ordering decision. The
outstanding orders that have not yet been delivered should
also be included in the equation. Therefore, the stock
situation is characterized by the inventory position in
inventory control.

Inventory position= stock on hand + outstanding
orders — backorders

Inventory control models that are subject to uncertainty
have two types: periodic review and continuous review. In
periodic review, the inventory level is known only at
discrete points in time, whereas, in continuous review, the
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inventory level is known at all times (Nahmias, 2009). In
this study, periodic review inventory control policies are
considered.

2.1. Periodic review, (R,S) Inventory control policy

This system is commonly seen when companies order
from the same supplier, or have shared resources. The
control procedure is that every “R” units of time (that is,
at each review instant), enough inventory is ordered to
raise the inventory position to the level “S”, which is a
desirable property when the demand pattern is changing
with time. The disadvantage of (R, S) system is that it has
higher carrying costs than continuous review systems. A
typical behavior of this type of system is shown in Figure
1 (Silver et al., 1998).

pr

s,

Inventory level

Time

— 1.~ — -— 1

Net stock or both the inventory position and the net stock (if they are equal)

Notes: Orders placed at times A,C and E, arrive at times B,D, and F respectively

Figure 1. The (R,S) system

Most of the time, “R” and “S”, two decision variables,
are not independent, that is, the best value of “R” depends
on the “S” value, and vice versa. Assuming that “R” has
been predetermined without knowledge of the “S” value is
still quite reasonable for practical purposes when dealing
with B items (Silver et al., 1998). In this study, we assume
that the value of “R” is predetermined.

2.2. (R, S, Qmin) Inventory control policy

This simple periodic review policy, called (R, S, Qmin)
is proposed by Keismiiller et al. ( 2011). In this policy, the
inventory position is monitored every “R” units of time
and if the inventory position is above the level “S”, then
no order is placed. In case the inventory position is below
the level “S", an amount of order is placed which equals
or exceeds Qmin (Minimum order size). An amount larger
than Qmin is ordered if the minimal order size Qmin is not
sufficient to raise the inventory position up to level S. This

policy is a special case of (R, s, t, Qmin) policy which is
developed by Zhou et al. (2007) where s=S—Qmin and
t=S—1 (Keismiiller et al., 2011).

Inventory
pos"tion

| | 1 1 >

time

Figure 2. The (R,S,Qmin) policy (lead time equal to zero)

If the demand is always larger than the minimum order
quantity, which may happen in case of small values of
Qmin, then the order constraint is not restrictive anymore
and in that case, the (R, S, Qmin) policy is similar to a base-
stock level policy (R,S) with base-stock level S. For large
values of Qmin the parameter S functions as a reorder level
only, the policy is equal to an (R, s, Qmin) policy with a re-
order level s.

Kiesmiiller et al. (2011) prove that the proposed policy
is simple to compute and it has an efficient cost
performance, which is close to the more sophisticated two-
parameter policy developed by Zhou et al. (2007).
Although the proposed policy cannot derive better
solutions than (R, s, t, Qmin) policy in terms of the cost (
since it is a special case of that policy ), it is still practical
with its computational simplicity.

3. SOLUTION METHODOLOGY
3.1. Genetic Algorithm

Genetic algorithm (GA) is a mathematical search
technique based on the principles of natural selection and
genetic recombination, which is firstly proposed by
Holland (1975) (Chambers, 1995). The original
motivation for the GA approach was a biological analogy.
In the selective breeding of plants or animals, for example,
offspring that have certain desirable characteristics are
sought characteristics that are determined at the genetic
level by the way the parents’ chromosomes are combined.
In the case of GAs, a population of strings is used, and
these strings are often referred to in the GA literature as
chromosomes, while the decision variables within a
solution (chromosome) are genes. The recombination of
strings is carried out using simple analogies of genetic
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crossover and mutation, and the search is guided by the
results of evaluating the objective function (f) for each
string in the population. Based on this evaluation, strings
that have higher fitness (i.e., represent better solutions) can
be identified, and these are given more opportunity to
breed (Glover and Kochenberger, 2003).

The GA search starts with the creation of a random
initial population of N individuals that might be potential
solutions to the problem. Then, these individuals are
evaluated for their so-called fitnesses, i.e. of their
corresponding objective function values. A mating pool of
size N is created by selecting individuals with higher
fitness scores. This created population is allowed to evolve
in successive generations through the following steps
(Marseguerra et al., 2002):

1. Selection of a pair of individuals as parents;

2. Crossover of the parents, with generation of two
children;

3. Replacement in the population, so as to maintain
the population number N constant;

4. Genetic mutation.

The genetic operators of crossover and mutation are
applied at this stage in a probabilistic manner which results
in some individuals from the mating pool to reproduce
(Chambers, 1995). In general, the parent selection is
fitness proportional and the survivor selection is a
generational replacement. The crossover operator is based
on exchange of sub trees and the mutation is based on
random change in the tree (Talbi, 2009). Setting values for
various parameters, such as crossover rate, population
size, and mutation rate is a critical process in
implementing a GA (Mitchell, 1998).

GAs are stochastic search methods that could in
principle run for ever, unlike simple neighborhood search
methods that terminate when a local optimum is reached.
In practice, a termination criterion is needed; common
methods are to set a limit on the number of fitness
evaluations or the computer clock time, or to track the
population’s diversity and stop when this falls below a
certain threshold (Glover and Kochenberger, 2003).

3.2. Simulation Based Genetic Algorithm

Simulation is proved to be one of the best means to
analyze and deal with stochastic facets existing in supply
chain. Its capability of capturing uncertainty, complex
system dynamics and large-scale systems makes it very

Genetic Algorithm Optimizer
candidate :
olution
- perfermance
evaluation

Discrete-Event Simulation Mode

Simulation Model Builder

well suited for supply chain studies. It can help the
optimization process by evaluating the impact of
alternative policies (Ding et al., 2006).

Figure 3. The simulation based optimization framework

Simulation is preferred to compute numbers for real
world situations. Simulation successfully handles certain
flexibility that decision makers would prefer. A validated
simulation has a better chance of being accepted by end
users compared to complicated models (Kapuscinski and
Tayur, 1999).

The objective function and constraints are replaced by
one or more discrete event simulation models in
simulation optimization. Decision variables are the
conditions the simulation is run under, and the
performance measure becomes one (or a function of
several) of the responses derived by a simulation model.
Simulation optimization techniques have generally been
applied to systems where the decision variables are
quantitative and associated with the amount of some
resources available in the model (Azadivar and Tompkins,
1999).

A general simulation-based optimization method
includes two essential components: an optimization
module that guides the search direction and a simulation
module that is used to evaluate performances of candidate
solutions (network configuration + operational rules and
parameters). In comparison with MP techniques,
simulation-based optimization methods employ one or
more simulation models as a replacement to the analytical
objective function and constraints. The decision variables
are the conditions under which the simulation is run.
Iterative output of the simulation is used by the
optimization module to provide feedback on progress of
the search for the optimal solution (Ding et al., 2006).

In industrial applications, several search algorithms
such as, pattern search, simplex, simulated annealing and
GA, have been linked with simulation. These search
algorithms successfully bring simulation model to near-
optimal solutions. Developed algorithms in the literature
showed that GA has the capability to robustly solve large
problems and problems with nonnumeric variables. It
performed well over the others in solving a wide variety
of simulation problems (Ding et al., 2006). Thus, in this
study we will consider these systems as a combination of
GA and simulation.

4. NUMERICAL EXAMPLE
4.1. The Model

We consider a four stage serial supply chain in which
random customer demand occurs at stage 1, retailer; stage

1 orders from stage 2, distributer; stage 2 orders from stage
3, manufacturer; stage 3 orders from stage 4, supplier; and
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stage 4 orders from an outside raw material supplier that
has unlimited supply.

Product Flow

Supplier | | Manufacturer | | Distributer | | Retailer [ Customer
Demand
e

Information Flow

Figure 4. Serial Supply Chain Model

We develop a simulation based genetic algorithm
(GA) inorder to find the optimal numerical "S" value that
minimizes the total supply chain cost (TSCC), comprising
holding and shortage costs, and compare our results
between two inventory control methods. Simulation is
used to evaluate “S” numerical values generated by the
GA.

The objective function of the problem can be formulated
as below.

Min (Total Supply Chain Cost) =

T N
z (hili,t+biBi,t)
=1

t=1 i
e hj = unit inventory holding cost at member i

(i=1to N)

lit = the quantity of on hand inventory at member i

(i=1to N)
bi = unit shortage cost at member i

(i=1to N)
o Bit = the quantity of backordered inventory at member i
(i=1to N)

e L = replenishment lead time with respect to member i
(i=1to N)

o Dit=demand per unit time at member i
(i=1to N)

In this study, we use a four-stage serial supply chain

model, which is developed by Daniel and Rajendran
(2005). The assumptions of the model are given below.

e There is no lead time for information or order
processing, however, there is a combined lead time
consisting of processing and transportation at each
stage and it is called replenishment lead time. Every
member has its respective replenishment lead time and
they are 1, 3, 5, 4 days respectively for retailer,
distributor, manufacturer and supplier.

e When there is enough on-hand inventory to meet the
order of the downstream member, the demand is fully
replenished. Otherwise, the unsatisfied demand is
backlogged, in other words, placed in the back-order
queue.

o Every member has infinite capacity.

e The most downstream member, retailer, faces random
customer demand, which is assumed to be constant.

e The source of supply of raw materials to the most
upstream member, supplier, has infinite raw material
availability.

4.2. Application of the inventory control policies

We aim to observe different impacts of the relative
inventory control policies in terms of cost reduction on a
specific serial supply chain model.

(R,S) inventory control policy application

Inventory level at every member is periodically
monitored and if the relative inventory position falls below
the pre-specified “S” level, a replenishment order is placed
for a quantity that will bring the inventory position back to
the pre-specified “S” level. Base-stock level at every
member in the supply chain takes integer values.

(R, S, Qmin) inventory control policy application

In this policy, the inventory position is monitored
periodically and if the inventory position is above the level
“S”, then no order is placed. In case the inventory position
is below the level “S", an amount of order is placed which
equals or exceeds Qmin (Minimum order size). An amount
larger than Qmin is ordered if the minimal order size Qmin
is not sufficient to raise the inventory position up to level
S.

Since (R,S,Qmin) policy differs most from the order-up-
to policy (R,S) or fixed order size policy (R,s,Q) when the
numerical values of Qmin is close to the mean period
demand, a non-dimensional parameter, m=Qmin/ E [D], is
introduced. In our study, we assume that Qmin value is
predetermined and it is 38 for all supply chain members
while m=0.95.

4.3. Proposed Solution Methodology

Simulation-based GA is used as an experimental
method to evaluate the models performance. The supply
chain simulation is run for given customer demands
generated from a uniform distribution for a specified run
length over which the statistic TSCC is collected. Random
customer demand is generated uniformly within the range
[20, 60] per unit time. Simulation experiments are carried
out with a run length of 1200 days and TSCC is noted.
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Figure 5. Excel Link

The GAtool in MATLAB 7 is used to run the GA. We
generate an Excel Link between MATLAB and Microsoft
Excel in order to evaluate the performance of the “S”
values which are generated by GA and we make a decision
about which members of one generation are forced to
leave the population in order to make room for an
offspring to compete. Additionally, we derive 100
different uniform random number sets and take the
average of the objective function (TSCCy) value which is
obtained through simulation in order to avoid
computational errors that might arise due to the usage of
random numbers. A macro is developed in Excel to
calculate the average of the objective function (TSCCy)
value. Thus, GA derives the “S” values and sends them to
the Excel simulation as an input data and the output data
of the simulation which is the fitness value (fy) of the
chromosome, is sent to GA as an input data.

Chromosome representation: This study uses gene-wise
chromosome representation. Each chromosome is coded
with a set of “S” values representing every member in the
chain. In the numerical example, string length is taken as
four and each gene in a chromosome represents the
respective installation’s “S” value as shown below in
figure 6.

S1 S S3

Figure 6. Chromosome representation

Initial Population Generation: The initial population is
created by the following procedure:

SiVt= Max Dt * Max L;
SiLLZ Min Di,t* Min L

A random number between [20,780] is generated,
which is assigned as the “S” value for that member and
same procedure is repeated for the remaining members.
For the retailer considered in this model, the maximum
and minimum customer demands are 60 and 20 per unit
time respectively. The minimum replenishment lead time
is predetermined as 1 day for the retailer. However, if the
distributor doesn’t have enough on hand inventory at the
time, to fulfill the order of retailer, the lead time will be
longer than 1 day. And, in case all upstream members
don’t have enough on hand inventory, the replenishment

lead time for retailer will be the maximum replenishment
lead time, which is the sum of replenishment lead times of
the retailer, the distributor, the manufacturer, and the
supplier, i.e. 13 days. (i. e. 1+3+5+4 days) Therefore, the
initial “S” value for retailer is generated randomly
between [20, 780]. According to that procedure, the lower
limit and upper limit vectors [Si%, Si“4] for all supply
chain members are determined as [ 20 60 100 80] and [780
720 540 240], respectively.

Selection: In this study, we use the roulette-wheel
selection procedure.  In roulette selection process,
chromosomes are grouped together based on their fitness
function values. First, MATLAB sends each chromosome
in the initial population over to the simulation in Microsoft
Excel via the M-file and the simulation calculates fitness
values of those chromosomes. Then those fitness values
are again sent from Excel to GATOOL in MATLAB via
the M-file. Fitness values for each chromosome are
summed up to reach a cumulative fitness value. The
process continues by dividing each chromosome’s fitness
value by the cumulative fitness value, thus calculating a
percentage value for each chromosome. Then, those
percentages are lined up in order around a roulette wheel
and the selection process starts; a random uniform number
between 0 and 1 is selected and whichever chromosome
falls into this number is selected to be passed on to the next
generation.

Excel
“s” value
MATLAB -
M-File l

GAtool
-
-

fitness function Simulation

|

value

Figure 7. Selection flow chart

In the next step, some random changes are made on
chromosomes with the help of the genetic operators, in
order to obtain better results. Various trials are conducted
when determining which genetic operators to use in order
to generate the optimum results.

Crossover: The crossover operator, by combining the
chromosomes of two parents, helps to obtain one or two
offspring, which have a better fitness function. A single
point crossover operator is used in this study. This type of
crossover operator generates a random number between 1
and the length of chromosome (N) and this becomes a cut
point. Parts of two parents after the cut point are
exchanged to form the two offspring.

Alphanumeric Journal

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

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



33 Comparison Of Periodic-Review Inventory Control Policies In A Serial Supply Chain / Alphanumeric Journal, 3(2) (2015) 027-034

\ 4
3
4
Offspring

} generated

\ 4 by
:| . . . . . . o
r

Figure 8. A single point crossover representation

Mutation: The mutation operator randomly modifies a
parent to generate an offspring who will replace it. Since
every gene in a chromosome represents the “S” value of
the corresponding member, a gene-wise mutation is used
in this study.

Elitism: This operator aims to ensure the offspring that
have the best fitness scores evolve into successive
generations. In this study, the number of the offspring that
will be allowed to evolve into successive generations is
determined to be 2.

Termination Criteria: These criteria are determined in
order the complete genetic algorithm calculations based on
user preferences. Termination criteria include number of
generations, time limit, fitness value limit, maximum
number of generations in case genetic algorithm generates
an identical value. In this study, there is no time limit set
and the number of generations is determined to be 100.

As a result of MATLAB GATOOL calculations, and
using aforementioned operators, (R,S) policy “S”
numerical values are determined as [52 147 227 185] for
the retailer, the distributor, the manufacturer and the
supplier, respectively. TSCC generated by GATOOL is
calculated as 415.832. On the other hand, (R,S, Qmin)
policy “S” numerical values are determined as [47 144 224
191], for the retailer, the distributor, the manufacturer and
the supplier, respectively. TSCC generated by GATOOL
is calculated as 439.951.

5. SUMMARY AND CONCLUSION

Supply chain management provides customers with the
right product or service at a reasonable price, in the right
place, at the right time, and with the best quality possible,
thus increasing customer satisfaction. Supply chain
managers strive to deliver products or services at the right
price in order for customers to gain competitive advantage
over competitors. At this point, reducing inventory cost,
which is a major part of total supply chain costs, will help
provide products or services at a better price. Since
demand is stochastic in real life cases, and there is certain
replenishment lead-time for every member, supply chain
members do not have an option to apply lean production
techniques, in which the inventory levels are zero.
However, the trade-off between the quality of customer

service level and the costs should be taken into account
carefully while determining the appropriate level of on-
hand inventory. Thus, insufficient inventory level might
lead to inferior customer service level and satisfaction
albeit a lower product cost. In this study, we aim to
determine the optimal level of on-hand inventory in order
to minimize supply chain inventory costs. In the decision
process, in order to save on time and costs, supply chain
managers should prefer a method such as simulation,
which better reflects uncertainties of real life situations. In
addition to this, they can use a heuristic optimization
method, such as genetic algorithm, which derives optimal
solutions in a short time period. Using a combination of
those two methods, thus placing results generated by
genetic algorithm into the simulation, they can observe
results in several different realistic circumstances.

In our study, we examine the application and measure
the performance of the inventory policy (R, S, Qmin)
developed by Keismiiller et al.(2011) on the four stage
serial supply chain model. This policy was considered on
a single item single echelon system with stochastic
demand in a previous study. Our study extends (R, S, Qmin)
inventory control policy implementation by applying it in
a multi echelon system. We develop a simulation model
using Microsoft Excel spreadsheet for the sake of
implementation simplicity. This simulation model can be
used to evaluate the performance of the (R, S, Qmin)
inventory policy on various supply chain scenarios.

Next, we compare the relative inventory policy with the
classic (R, S) policy. According to our experimental
results, the (R, S, Qminy policy costs slightly more than the
classic (R, S) policy, for the given scenario. However, it
leads to a better customer service level by avoiding
inventory shortages. Also, (R, S, Qmin) policy is more
efficient when economies of scale exist. We use a
simulation based GA to determine the “S” numerical value
which will minimize the TSCC. In this model, the TSCC
consists of two cost components, which are holding and
shortage costs. The solution methodology used in this
study is easy to implement and doesn’t require
cumbersome mathematical endeavors, which makes the
process practical for users who don’t have advanced level
of analytical skills.
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Abstract

This paper aims to analyze relationship between Mobile penetration and various indicators of communication infrastructure throughout
OECD countries. Panel data is utilized for the purpose of this study. In order to control network effects as well as the endogeneity of
variables, the Arellano—Bond dynamic panel estimation is adopted. In particular, this paper attempts to identify what are the factors to
promote the 3G mobile phone by using dynamic panel data analysis. In constructing an estimation model, Cellular mobile penetration is
taken as a dependent variable, while various technical and economic variables are selected as independent variables. The obtained results
can be used to forecast adoption of New Broadband Penetration technology.

Keywords: Mobile Penetration, New Broadband Adoption, Panel Data, Communication, Forecast, OECD

Jel Code: C53

YENI GENIS BANT ADAPTASYONUNU TAHMINLEMEDE
MOBIL PENETRASYONUN BELIRLEYICILERI: OECD ORNEGI

Ozet

Bu makalede mobil penetrasyon ile iletisim altyapisinin gesitli gostergeleri arasindaki iliski OECD iilkeleri genelinde analiz edilmektedir.
Bu amagla panel data yontemi kullanilmistir. Degiskenlerin i¢sellik sorunu ve ag etkilerini kontrol edebilmek i¢in Arellano-Bond dinamik
panel tahmini uygulanmustir. Ozel olarak bu makale, ilerideki ¢alismalarda 4G kullanimini tahminleyebilmek icin dinamik panel data
analizini kullanarak 3G kullanimu etkileyen faktorleri belirlemeye galigmaktadir. Bu amagla bir tahmin modeli olustururken cep telefonu
penetrasyonu bagimh degisken olarak, ¢esitli teknik ve ekonomik degiskenler de bagimsiz degiskenler olarak alinmustir. Elde edilen
sonuglar yeni genis bant penetrasyon teknolojisinin adaptasyonunu tahmin etmek i¢in kullanilabilecektir.

Anahtar Kelimeler : Mobil Penetrasyon, Yeni Genis Bant Adaptasyonu, Panel Veri, Iletisim, Tahmin, OECD

Jel Kodu : C53
1. INTRODUCTION have emerged in parallel with an increasing competition
among the service providers. It has not been long since the
The world has witnessed a dramatic improvement in introduction of third generation (3G) technologies even in
telecommunications technologies during the past couple OECD countries, yet some countries have already started
of decades. A wide range of telecommunication services to use 4G technology and some other are in the process of
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doing the required investment. 2G technology which is
still widely used globally was based on voice technology
to meet the basic demand of consumers. But the
improving telecommunication technologies have enabled
the video services as well, thus leading to 3G technologies.
Now, Worldwide Interoperability for Microwave Access
(WIMAX) 802.16 m and Long-Term Evolution (LTE)-
Advanced were recognized as the foundation of fourth
generation (4G) technology at the end of 2009 (Tseng,
2014). In this context, this study aims to explore the
relationship between the level of such technologies and
various factors that are argued to be related to them.
Specifically, we attempt to identify the factors promoting
the 3G mobile phone by using panel data analysis. In
constructing an estimation model, Cellular mobile
penetration is taken as a dependent variable, while various
technical and economic variables are selected as
independent variables. The obtained results are intended
to be used to forecast adoption of 4G technology in the
following studies.

Such a forecast is especially vital for
telecommunications businesses. It is important to
understand the development tendency of the 3G market
and the growth of the 3G phones penetration rate to
allocate their investments in base station settings and
launched services. Therefore, an accurate forecast of 3G
phones demand is important to help telecommunications
companies with making operational, tactical marketing
strategic decisions, such as business scheduling, staff
training-on-job, the preparation of 3G added-value
services, base stations investments, and so on. The benefits
of accurate forecasting are undisputed (Chen, 2014).

Abu (2010) attempts to present a view of the effect of
technological innovations for the diffusion of 3G mobile
phone in Japan using panel data analysis. Suki (2011)
examines the relationship between perceived usefulness,
perceived ease of use, perceived enjoyment, attitude and
subscribers’ intention towards using 3G mobile services.

The purpose of this paper is to analyze factors
promoting the 3G mobile phone from these two
viewpoints. Regarding the research method, this paper
applies a dynamic panel data model which performs an
analysis with telecommunication data for OECD
countries.

One of the major advantages of using the dynamic
model is the opportunity to introduce network externalities
or network effects into the analysis. In particular,
subscribers can receive greater benefits in accordance with
the growth of the network. Thus, a mobile carrier’s
network size or number of subscribers plays an important
role when users choose the particular carrier they want to
subscribe to. Mobile carriers, for example, offer discount
rates for calls among their own subscribers, and
accordingly subscribers to larger networks receive greater
benefits. Network effects are significant when competition

among mobile carriers is fierce. Another benefit of
applying a dynamic panel data model has something to do
with the endogeneity problem of the data. Endogeneity
problem occurs quite often in empirical analyses, thus
appropriate ways of dealing with this problem need to be
utilized. A parameter or variable is said to be endogenous
where there is a correlation between the parameter or
variable and the error term. When correlations between
explanatory variables and error terms exist, estimated
coefficients of variables are not true values, and an
endogenous bias occurs. One way of dealing with the
problem of endogeneity bias is to use instrumental
variables. The reason of using such variables is that they
are not correlated with alternative factors, instead they are
only correlated with the independent variable of interest.
Thus, such variables will be correlated with the dependent
variable only indirectly. They work through the
independent variable to affect the dependent variable. This
paper provides a solution to such an endogeneity problem
by applying the Arellano—Bond estimator which enables
the calculation of an unbiased estimator by using an
exogenous or predetermined endogenous variable. In
addition to this, the system generalized method of
moments (GMM) is used (Akematsu, 2012).

2. METHODOLOGY AND MODELS
2.1. Methodology

A study consisting 34 OECD countries during the years
of 2001-2011 (11 years) is conducted. Total number of
observations is 330. Panel data analysis is used because
both cross-section and time-section dimensions exist.
Mobile penetration (the number of subscription per 100
inhabitants) which is used as the independent variable is
dependent on the number of subscribers in the previous
years, thus a dynamic panel data is used rather than static
panel data. The Arellano—Bond linear dynamic panel data
estimation model (Arellano& Bond, 1991) is used in order
to solve the endogenuity, heteroskedasticity, and
autocorrelation problems that exist among the variables.
Arellano-Bond (1991) and Arellano-Bover
(1995)/Blundell-Bond (1998) are models developed for
this purpose. Both of them are especially designed for
situations with small T, large N panels. Their usage on
datasets of such characteristics is safe (Roodman, 2006).
In our study, since T =11 and N = 34, these conditions are
satisfied.

Conducting the unitroot tests of the variables, it is
detected that unitroot problem does not exist since the Ho
hypothesizes which states that it exists are rejected for
each variable.

On the other hand, the Arellano—Bond linear dynamic
panel data estimation model is executed by using xtabond2
command which was developed in 2003 in Statal? to
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solve all these problems detected. This command also
provides that endogenous and autocorrelation tests as well.
Ho hypothesis stating that instruments used in Sargan test
are valid. Sargan is applied to test the instrumental
variables used for the solution of endogeneuity problem
(endogenous). If the number of observations is enough, as
many lag values of endogenous variables as wanted can be
used as instrumental variable (Roodman, 2006). The fact
that number of observations is enough in our study makes
it possible to use the 6th lag values of endogenous
variables and pass the Sargan test successfully.

On the other hand, Arellano—Bond tests AR(1) and
AR(2) are executed to test the auto correlation problems.
In the AR (1) test, the lagged value of the dependent
variable used in the model causes the rejection of Ho
hypothesis which states that there is no auto correlation.
(The presence of the lagged dependent variable MP.
gives rise to autocorrelation). Thus, AR(2) test needs to be
viewed (Roodman, 2006). Our model is resulted as
expected, as the Ho hypothesis stating that there is no
autocorrelation in AR(2) test is accepted. Moreover, Wald
test has resulted statistically meaningful. All these test
results are provided in the tables below. Thus, our model
has passed all the tests with success.

2.2. Models

Gombertz and logistic models have been the best
models in explaining the S graphics (S-curve of innovation
diffusion) of the most innovative trends (Lee & Lee,
2010). Using the Gombertz model is more appropriate as
stated by Lin and Wu (2013) and Gruber and Verboven
(2001) in their studies. Because in the Logistic model, the
number of all the potential users (adopters) in a specific
time and country needs to be forecasted and this is very
difficult if it is an early stage for diffusion or there is
heterogeneity among the countries (Lin and Wu, 2013);
(Gruber and Verboven, 2001). This number (the number
of potential adopters) is determined in Gombertz model as
a function of supply and demand side variables. The
formulas below are developed by this approach. The
Gomberts model has a wide range of applications in
forecasting the transition processes into the new
communication and service technologies (Stoneman,
1983; Estache, Manacorda, and Valletti, 2002; Lee and
Lee, 2010; Kiiski and Pohjola, 2002; Singh, 2008;
Trappey and Wu, 2008; Andres et al., 2010; Lin and Wu,
2013).

In our study, the empirical model below is used for
mobile penetration similar to the way Lin and Wu (2013)
used for fixed broadband penetration.

INMPi.InMP;_1=ai (InMP*i—InMPn_l) 1)

whereas MP stands for mobile penetration, MPj; 1 mobile
penetration of the previous year, and MP* total potential
subscribers which is defined as a function of supply and

demand side variables. Adding the changes of these
variables by time, the model takes the form below:

In MP"=Bio+ Billngdpir+ Pi2lnarpuirt¥iZic 2
Zit is used to explain the other explanatory variables
possible. If we place this second formula into the first, it
takes the below form:
INMPi= iiot+ aifir-Ingdpic +aiPizlnarpuic +oi¥iZic+(1- o) In
MPi_1 3)
Writing this formula for the panel data analysis with
our other variables:
Model 1:
INMPi= ag+ Balngdpic +B2Inarpuic +Bslntrafi; +palntelinvic
+BsIninternetiy +BsIneduir +BzInHHiic +Pslnmobrevenuei
+¥3Zi+Boln MPit_1+pit (4)

Model 2:
INMP;i= ag+ B1 In MPi_1 +B2Inarpuic +Bslntrafic +4 Ingdpit
+BsIninternetic +Pslneduir +p7InHHii; +Bslnmobrevenueit
+¥3Zirt Uit (5)

Model 3:

INMPi= ag+ PB1 In MPi_1 +Polnarpuic +Bslntrafi
+Balntelinviy  +Pslninternety  +Pelneduir  +P7InHHii
+Bglnmobrevenuei: +¥sZi-+pit (6)

uit, Shows the regression bias.

2.3. Variables and Data

Four of the 34 OECD countries are excluded from the
analysis due to the lack of data availability (Israel,
Australia, Slovenia, and Chile). Mobile penetration which
is measured as the mobile phone subscribers per 100
people (mobile subscribersper 100 inhabitants) is used as
the dependent variable in the study conducted over 30
countries. Nine independent variables used in the
developed model are: mobile penetration rate in previous
year, GDP per capita, mobile traffic, ARPU (average
monthly revenue per user), public telecommunication
investment per capita, internet host per domain, education,
HHI (Herfindahl-Hirschman Index for mobile and other
platforms), and mobile telecommunication revenue. In
order to obtain the values of these variables, OECD
Communications Outlook 2013 is used (OECD, 2013).

Moreover, import and export variables are used as the
instrumental variables in the study. The logarithms of all
the variables are used in the model as a way of minimizing
the skewness problem that might have otherwise occurred.

The revenue is used to explain the broadband diffusion.
Akematsu and Shinohara et al. (2012), Garcia-Murillo
(2005) and Bouckaert et al. (2010) in their studies state
that the revenue has a significant positive effect in
broadband diffusions. Lin and Wu(2013), using the
technique developed by Rogers (2003), have applied the
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approach of dividing the broadband usage periods into the
innovator and early adopter stage, the early majority stage
and the late majority and laggard stage. With this approach
they have not been able to detect a meaningful relationship
between the broadband diffusion and GDP per capita
which they have used to represent the revenue in total
time. On the other hand, they have found a positive
meaningful relationship in the periods of the innovator and
early adopter stage and the late majority and laggard stage.
GDP per capita is used for this purpose in our study.

Although a meaningful positive relationship between
the education and broadband diffusion is expected
theoretically, this could not be detected in many studies
(Garcia-Murillo, 2005; Cava-Ferreruela and Alabau-
Mu™noz, 2006; Lee and Lee,2010; Lin and Wu, 2013). Lin
and Wu (2013) have faced with a similar situation but they
have been able to show this positive relationship for some
periods of the life cycle.

We have used the Students as a percentage of the
population of 15-19 year-olds as education variable.

The number of subscribers is expected to increase as
the competition increases resulting in improved services
and convenient prices. HHI (Herfindahl-Hirschman Index
for mobile and other platforms) is used in this study to
measure the factor of competition. It is calculate as the
sum of the squared .market share of mobile and other
platforms. This positive relationship is detected in some
studies using HHI. (Bouckaert et al., 2010; Distaso et al.,
2006; Lin and Wu, 2013; Lee and Lee, 2010).

Telecommunication investments (public
telecommunication investment per capita) and increase in
services provided through internet are expected to increase
the mobile penetration. Various variables are used for this
purpose. Internet host as a proxy (Garcia-Murillo, 2005),
internet host per 100 inhabitants (Lee and Brown, 2008)
and internet hosts per 1 million people (Lin and Wu, 2013)
have detected the existence of this relationship. Internet
host per domain and public telecommunication investment
per capita is used for this purpose in our study.

On the other hand, the effects of the changes in mobile
traffic (cellular mobile traffic per mobile subscriber per
year) on mobile penetration is looked into during the
study. In their study over Japan, Akematsu and Shinohara
et al. (2012) have shown that the increase in need for talk
has increase the use of new techniques developed (iphone,
onesec, and felica), thus having a positive effect on the
usage of 3G.

Penetration rate in previous periods can be expressed as
the factor causing the model to be a dynamic panel. In
other words, the number of mobile subscribers in previous
periods effects the current number of subscribers. There
are various studies in the literature showing that the high
penetration in previous periods increases current
penetration (Akematsu and Shinohara et al., 2012;

Bouckaert et al., 2010; Lee and Lee, 2010; Lin and Wu,
2013; Church and Gandal, 2005; Andres et al., 2010). In
these studies it is stated that the network developed by the
subscribers in previous periods plays an important role in
adding new subscribers, thus showing the network effect
with a positive relationship on current penetration.

Although a meaningful negative relationship between
the price and broadband diffusion is theoretically
expected, in many studies conducted this could not be
detected (Cava-Ferreruela and Alabau-Mu™noz, 2006; Lee
and Lee, 2010; Garcia-Murillo, 2005; Akematsu and
Shinohara et al., 2012). Lin and Wu (2013) have shown
the existence of this relationship only in certain stages of
the life cycle. ARPU and mobile telecommunication
revenue are used for this purpose in our study.

3. RESULTS OF ESTIMATION AND DISCUSSION

Analyzing the correlation between the variables, a high
correlation of 72.89% between GDP per capita and public
telecommunication investment per capita is detected in the
table 1. For this reason, used together, one of these
variables always loses meaning statistically. Public
telecommunication investment per capita is meaningful,
while GDP per capita is not when they are used together.
But both of them are meaningful when they are used
separately. In the table 2, the three cases where (i) they are
used together, (ii) GDP per capita used only, and (iii)
public telecommunication investment per capita used only
are shown by mopenl, mopen2, and mopen3 models
respectively. Based on the statistics provided in the table
2, all three models have valid values. As of the other
variables, the situation does not change.

In this case, the three models can be evaluated together.
A positive meaningful relationship between mopen and
GDP per capita is detected when considering the revenue
variable. This situation shows similarity with the
relationship between the revenue and broadband diffusion
found in the studies of Lin and Wu (2013), Garcia-Murillo
(2005), and Bouckaert et al. (2010). Since the increase in
the revenues of individuals will increase their purchasing
power, the positive relationship between GDP per capita
and mobile penetration is an expected situation.

The negative relationship between the price and
broadband diffusion observed in previous researches, is
similarly observed between ARPU and mobile
penetration. It is seen that the increase in the prices of
provided services due to the increase in average revenue
per capita results in decrease in the mobile penetration. A
meaningful relationship between mobile penetration and
other variable of mobile telecom revenue has not been
detected.
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Table 1: Correlations

mope pubtel | gdpca | inthos
n traf arpu ~p p ~m educ | hhi

traf 0.1637 1

arpu 0.1277 | 0.5477 1

pubtel
invea | 03043 | 0392 | 0.6341 1

gdpca
0.5297 | 0.4713 | 0.6776 | 0.7289 1

inthos

0.6523 | 0.2934 | 0.3472 | 0.4187 | 0.5943 1
tdom

educ 0.4814 | 0.2704 | 0.3691 | 0.4521 | 0.449 | 0.4585 1

hhi -0.4008 | -0.2133 | -0.2029 | -0.1235 | -0.2117 | -0.2983 | -0.4672 1

motelr

ev -0.0941 | 0.3128 | 0.3433 | 0.1212 | 0.0656 | -0.1514 | -0.0709 | 0.0824

Between cellular mobile traffic per mobile subscriber per
year and mobile penetration, a meaningful negative
relationship is observed. If the increase in mobile traffic
reflects the fact that the market is about to reach its peak,
this negative relationship is an expected situation because
it might have resulted from the narrowing potential market
share.

Table 2: Arrellano Bond Dynamic Panel Data Estimation Models of
Mobile Penetration

Model 1 Model 2 Model 3

b b B
L.mopen 1.129859*** 1.267539*** 1.141039***
L2.mopen -.335095*** -.439966*** -.3542452%**
traf -.0272314*** | -0243563*** | -.0236675***
arpu -.0904169*** | - 057524*** -.0771358***
pubtelinvcap .0556482** .0529736**
gdpcap 0.0310059 .0639558***
inthostdom .0080408* .0077373* .0135067**
educ .0571577** .0794254*** .0734505**
hhi -0.0561548 -0.0251569 -0.0566201
motelrev 0.0034965 0.0024224 0.0036879
_cons 1.294525** 0.4963797 1.474469***
Wald test 6729.65%** 6021.977*** 5592.234***
ar2 -1.317913 -1.30131 -1.236199
sargan 37.45361 27.05501 34.39133
N 270 270 270

*, ** ***indicate significance at the10%, 5%, 1% level, respectively.

As found in earlier studies, increase of internet use and

services

provided

through

internet with

telecommunication investments, have resulted in positive
effect on mobile penetration. Currently, many services can
be provided through the internet. Using techniques such as

voip, tango, skype, viber, and face time which enables
cheaper communication through smart phones and e-trade
opportunities increase this positive relationship.

The network effect shown by Akematsu and Shinohara
et al., (2012); Bouckaert et al., 2010; Lee and Lee, 2010;
Lin and Wu, 2013; Church and Gandal, 2005; and Andres
et al., 2010 in their studies has been detected in our study
as well. The number of subscribers in previous years had
a positive effect on the current number of subscribers.

An expected positive relationship between education
and broadband diffusion could not be proved statistically
in most of the studies in the literature. However, existence
of a statistically meaningful positive relationship between
education and mobile penetration is detected in our study.
Mobile penetration has increased in relation with the
growth in the level of education, reflecting that
technological services are used more in the societies with
high education levels.

Although mobile penetration is expected to increase in
relation with increasing competition, a statistically
meaningful relationship between them could not be
detected in this study. However, analyzing the periods of
the life cycle as discussed in Lin and Wu (2013), the
existence of such a relationship is expected to be observed
because the effects of the competition for each stage of
product life cycle can be different.

4. CONCLUSION

The relationship between 3G penetration and various
indicators of communication infrastructure throughout
OECD countries is analyzed throughout this paper. Panel
data is utilized for this purpose. In order to control network
effects and endogeneity problem, the Arellano—Bond
dynamic panel estimation is adopted. This estimator
enables the calculation of an unbiased estimator by using
an exogenous or predetermined endogenous variable. In
addition to this, the system generalized method of
moments (GMM) is used. In constructing an estimation
model, the number of subscribers to 3G mobile phone
services is taken as a dependent variable, while various
technical and economic variables are selected as
independent variables.

A study consisting 34 OECD countries during the years
of 2001-2011 is conducted. Total number of observations
is 330. Panel data analysis is used because both cross-
section and time-section dimensions exist. Mobile
penetration which is used as the independent variable is
dependent on the number of subscribers in the previous
years, thus a dynamic panel data is used rather than static
panel data.

The findings reported in the earlier section can be
summarized as follow:

Alphanumeric Journal

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

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



40 Liitfii SAGBANSUA, Osman SAHIN, Muhterem COL | Alphanumeric Journal, 3(2) (2015) 035-040

Analyzing the correlation between the variables, a high
correlation of 72.89% between GDP per capita and public
telecommunication investment per capita is detected.

A positive meaningful relationship between mobile
penetration and GDP per capita is detected when
considering the revenue variable.

The negative relationship between the price and
broadband diffusion observed in previous researches, is
similarly observed between ARPU and mobile
penetration.

Increase of internet use and services provided through
internet with telecommunication investments, have
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Abstract

Technology’s perpetual vicissitude and product models’ distinction in industrial market have a crucial effect on forecasting demand for
spare components. In order to set forth the future demand rates for products, inventory managers repetitively update their prognostications.
Bayesian model is utilizing a prior probability distribution for the injunctive authorization rate which was habituated in order to get optimum
levels of account over a number of periods. However, under sundry demand rates like intermittent demand, Bayesian Model’s performance
has not been analyzed. With the help of a research question, the study investigates that circumstance.

Keywords: Bayesian model, forecasting, inventory, probability distribution
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ENVANTER MALIYETI VE TALEP TAHMINI ICIN BAYES
YAKLASIMI ONERISI

Ozet

Endiistriyel pazardaki teknolojinin kalic1 degisikliginin ve iiriin modellerinin farkliliginin, yedek pargalar i¢in yapilan talep tahmini iizerinde
onemli bir etkisi vardir. Uriinlerin gelecekteki talep oranlarmi ortaya koymak amaciyla envanter yoneticileri kendi tahminlerini siirekli
giincellemektedir. Bayes modeli, onsel olasilik dagilimi kullanarak kabul edilebilir oran1 birkag dénem iizerinden optimum hesap yapmak
icin kullanmaktadir. Ancak, aralikli talep gibi muhtelif talep oranlarmin altinda, Bayes Modelinin performansi analiz edilmemistir. Bir

aragtirma sorusu yardimiyla, bu ¢alisma bu durum incelenmektedir.
Anahtar Kelimeler : Bayes modeli,envanter, olasilik dagilimi, tahminleme

Jel Kodu : C11,C16,C53

1. INTRODUCTION

The process of presage future amount which is asked
by consumers is called inventory demand forecasting. It is
the substructure for the tenaciousness of the engenderment
level of the business. The interpretation of the ordinated
dictation forecasts are done by which product in which
demand for the particular products’ spare part would date
on the probability for the authoritative ordinance’s
actualization. Spare market does not only become the
contact’s principal among customers and business in

* sinanapak@maltepe.edu.tr (Corresponding author)

nowadays economic life, but additionally, it is an
important investment in the eyes of numerous
organizations. The market value is going to be 230 billion
Euros in 2020 in Europe as said by some latest sector of
automotive (Yilmaz, 2012). Because of the market’s
magnitude; opportune management like engenderment
approximations advents is the ultimate arduous of the
primitives to assess. Similar engenderment estimations’
advents’ opportune management is the most arduous of the
primitives in order to evaluate.

Spare part amount demand forecasting provides the
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basic inputs for production planning and control system
with other functions. These estimations made functions to
transform raw-material, spare parts, machinery, by-
products, manpower, programming, and other decisions.
Estimation method with non-scientific or completely
subjective forecasting indicates many system and
component failures that emerge suddenly. A complicated
issue might be occurred when control and management of
spare parts come into existence. General statistical
applications lose their empiric solutions because of the
rapid developments and extraordinary facts in the time of
operation. Forecasting demands are in need of historical
demands that are not available or not acceptable for brand
new consuming components in similar circumstances
(Gohodrati et al., 2007).

Inventory serves a useful purpose in the organizations.
At the retail level, its main function is to allow the firm to
meet expected customer demand and prevent shortages (Li
and Kuo, 2008). However, holding inventory always is a
challenge and presents real costs to companies for
managers who are under pressure to reduce inventories
and associated expenses. To ensure top performance,
managers have spent millions of dollars on forecasting and
planning systems over the years.

The arduousness in forecasting demand for high-end
challenge for automobile components is altercated by
Snyder (2002). Spare component’s ordinated dictation
forecast has three essential obstacles; although ordinated
dictation’s precise forecasting is supreme in inventory
control. The first obstacle is, spare part’s requirement is
generally irregular and the forecasting is arduous because
of nature of demand (Ghobbar and Friend, 2003;
Viswanathan et al. 2008). The second one is about the
inhibition recorded data of spare part demand. As for the
third one, inventory level of spare components is
considered as mainly the function which is the
maintenance and utilization of the equipment.

This academic work explains proposed implements
and circumstances of proposed inventory managements’
achievement in order to understand the implements’
dependability and utility during inventory decision
making. The particular analysis concentrates on the status
quo that can be required for a manager to guess the
expected demand rate of products.

Flowingly, it is possible to see the study’s formation.
In the second chapter, the analysis which is related with
moving inventory forecast techniques are carried. The
investigation that brings the methodology on board is
studied. Fourth chapter shows the key finding and
academic argumentations. As for the last chapter, endings
and drawbacks are accounted for and the spaces for the
future research are depicted.

2. FORECASTING METHODS FOR INVENTORY
DEMAND

It is assumed by the several contemporary inventory
management and control software packages that a
mundane distribution comes before the further demand.
Consequently, analytic models which have agreeable
forecasting precision are included (Vereecke and
Verstraeten, 1994). Generally periodic or perpetual
reviews are preferred in almost all randomly inventory
models (Stevenson, 2007). In order to add up the order
quantity needed to bring it back to level which is aimed
and popular with minute retailers; the amount of inventory
at intermittent intervals is decided by the periodic review
approach. Vice versa, the perpetual system approach
updates inventory instantly and submits an order for a fine-
tuned quantity in order to diminish the absolute cost at any
time it reaches a calculated minimum level.

Models for managing spare components are advised by
Strijbosch et al. (2000), Razi and Tarn (2003), and Dolgui
and Pashkevich (2007). They are consequential in
ascertaining adequate items’ accessibility, along these
lines providing organizations with a competitive
advantage. Syntetos and Boylan (2006) make a
comparison between simple moving average, single
exponential smoothing, Croston’s method, and a modified
Croston method in a practical way that proposed by
Syntetos and Boylan (2010) on spare components from the
automotive industry with a fixate on irregular demands.

Hua et al. (2007) propose using explanatory variables
to forecast slow-moving spare parts and compare these
forecasts to those from exponential smoothing, Croston’s
method, and bootstrapping. In order to adopt an
appropriate  method for forecasting slow-moving
inventory, Syntetos et al. (2005) propose using the average
mean time between demand and the squared coefficient of
variation of demand size to categorize demand. They
suggest that determining the category of demand is the
first step for adopting the most appropriate forecasting
methodology. In order to make demands forecasting real
and make a comparison with a standard ARMA model
Chenetal. (2010) formed a updated Regression Bayesian-
BBNN based model. It is seen that this updated model has
higher certainty and strength in a superior way.

2.1. Forecasting methods for spare part demand

Leven, (2004) adduced an inventory management
system for slow-paced and expeditious-moving products.
Leven’s proposal is predicated on the Croston method and
the demand which is random is postulated to have an
Erlang allocation utilizing a Bayesian approach for spare
components. Standard testing methodology which is
habituated by Shalen et al. (2008) is presented that
surmounts the complications resulting from the
essentiality of sampling from time series data. According
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to their research, It is understood that Poisson process
symbolizes the frequency of orders well enough.While
considering the aggregate data series, Forecasting
methods’ top-down and bottom-up performance are
assessed by Viswanathan et al. (2008) at the same time,
the sub-aggregate time series components are irregular and
for forecasting the total demand utilizing top-down
forecasting, the simple exponential smoothing technique
outperformed Croston's method in a case.

In order to roughly calculate intermittent demand that
was assessed to outperform some of the methodologies
discussed such as, Willemain et al., (2004) built up a
distribution seperated bootstrap, Syntetos et al. (2005)
used the mean square error as a criterion to compare
different prediction methods and classify demand patterns
regarding both the average inter-demand interval and the
variation’s coefficient. Four categories result from their
study: erratic but not very intermittent, lumpy, smooth,
and intermittent but not very erratic. Appropriate
forecasting techniques have been proposed for each of
them. Boylan and Syntetos (2010) made a review of
forecasting research and extensions about spare part
management and mentioned some work on the value of
judgmental arrangement of statistical forecast.

2.2. Bayesian approach to demand modelling

A Bayesian approach is formed by Popovic (1987) in
order to make inventory decision. This also let the
predictions of the parameters of a priori distribution of
demand rate to be renewed. As an example, if two time
periods of recording sales have passed, then the a

posteriori distribution # of is gamma with parameters
a >0and >0 given that values of the demands X; and

Xz, namely,  A|X;, X, ~T(a+X;,+X,,8+2) . Popovic,

(1987) stated that the optimal inventory levels should be
determined by using the a posteriori distribution and
knowledge of the surplus cost per unit of time, C1 as well
as the shortage cost per unit of time, C..

Silver, (1965) applied the Bayesian method to select
the reorder point for an inventory model. De Wit, (1983)
proposed a Bayesian approach to forecasting slow-moving
items; however, slow moving was defined as 10 or fewer
demands per unit of time, higher than the demand rate used
in this research. Furthermore, the proposed method failed
to perform well when demand was extremely low. Price
and Haynsworth, (1986) suggested that the Bayesian
approach is better suited to predict the sales of products
with slow demand than exponential smoothing although
its actual performance may depend on the distribution of
the demand. Lee, (2014) applied an averaging Bayesian
model to get uncertainy of the demand signals in the first
order outcome process to generalize the inventory model
that include other auto-regressive lags.

3. METHODOLOGY

In order to make a comparison between the optimal
levels of inventory with reverence to the costs for shortage
and surpluses to a traditional approach predicated on the
Poisson distribution, a study is carried through utilizing
Bayesian technique. A utilizer-supplied prior distribution
for the injuctive authorization rate is needed to apply the
alternative method. This injuctive authorization rate is
acted with an arbitrary variable having a gamma
distribution.

The validity of the reliability of both one-sided and
two-sided prognostication intervals are estimated by this
analysis for the future demand rate of products without
historical sale background and the ones with no more than
one sale as well. Through utilizing intermittent sales data,
Bayesian approach’s performance is analysed.

The Bayesian method utilizes a prior distribution for
the demand rate A . Because of this reason, It is a far cry
from the classical Poisson point of view. Popovic, (1987)
proposed a Bayesian model in which the demand has a
Poisson distribution, but an a priori gamma distribution
I'(a, B) with the probability density function in (1) is
assigned / assumed since A is unknown.
ﬂaﬂa—le—ﬁa

F(a)

Assuming X, is the random variable representing

demand during the time interval [0,t] , demand’s the
unconditional distribution is displayed in (2).

(L, B)= ,a>0,>041>0 (1)

X =K =°§(lkt?k e[y 1)[/“ [Mk @

a>0,>0t>0

where k =0,1,... and the notation (2) is the number of
combinations of taking x items from n distinct items at a

time. Note that the combination (a +: 71) in (2) can also be

a+k-1

-1 ) . Thus X has a negative

written equivalently as (

binomial distribution NB (a, ’ ) Popovic [22] shows

B+t
that denoting p{X, =k} by p, .

Where k =0,1,..., we have

Alphanumeric Journal

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

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



44 Sinan APAK / Alphanumeric Journal, 3(2) (2015) 041-048

. [LT
0 |l p+1]
(e+k-1)

=|——=1nR

i { k(p+1) ]

By applying Bayes’ rule for the first period, we have:
P(x;]2) 1 (2)

FP(x2)1(2)d(2)

The posteriori distribution of A over the first unit time
interval 1, =[0,1] is:

®3)

f(/1|xl) = 4

) (ﬁ+l)wx] /,l(gux],l)e (p+1)a
)=

f(llx F(a+Xl)

()

Then a posteriori distribution is also illustrated for the
next time to show a pattern in the form of the distribution
and is displayed in (6) for time interval 1, =[1,2].

lﬂ/k -4
P{X, =k} =], Telf(ilxl)dl

e |22 [

+1

(6)

Thus x, ~NB(a+X‘, b ) It then follows that the a

p+2
posteriori distribution of A for the second time interval I,

after demand X, occurs will be:
X, X, ~T(a+X+X,, f+2) (7

Furthermore, it can be shown that the general a posteriori
distribution of 1 is

z‘xl,xz,...,x" ~F(a+ixl,ﬂ+n) (8)

After observing Xi, Xo, ..., X, One can prove that (9) is
the distribution of demand at interval In+1.

XM~NB(a+Z":XI, prn ) )

i L+n+l

Popovic, (1987) expresses the optimal inventory level
of the Ith unit time interval li which can be calculated by
examining the ratio of the cost of surplus C1 and the cost
of shortage C2 of an item as well as the demand found by
the a posteriori distribution. The more an extra knowledge
is accumulated; the more posteriori distribution of demand
can be updated to improve the accuracy of the parameter
estimates. The optimal inventory level ri* for product i
will be such that it satisfies one of the inequalities in (10).

Bayesian Model Approach:

(N )
=0 k L+1 p+1 C +C,

(10)
(N G
< I, _
k=0 k B+1 p+1
Poisson Model Approach:
oo () ¢ ()
— —< 11
Z:je Kl cC+cC <Z:§e k! (1)

1 2

We use the ratio of C1 and C2 in order to assess
optimal inventory levels that contain style goods and
perishable items. Since setting relevant costs for shortage
and surplus goods for inventory with intermittent demand
may not always be empirical, it could be a potential
limitation to the particular methodology. Popovic, (1987)
depicts a solution of this point of view to the ordering of
spare parts from a warehouse at the beginning of each
month and describes how the equalities in (10) can be
utilized to order optimal stock levels. Undetermined
demand rate for moving spare part inventory, an effectors
regulation might be hard to build. Managers may assess
the planned order amount of a party of non-selling or slow
moving products again at the point of a determined period.
That can be common disconnect products whose projected
order party is smaller than a limit value. The decision is
considered to liquidate, if the more elevated endpoint of a
unilateral estimation interval for the future demand of
outcome allowance is beneath the limit (Lindsey and
Pavur, 2009). Thus we assess the robustness of the
reliability of a one-sided prediction interval for the future
demand rate across a variety of parameters. The unilateral
estimation interval is the same as the proposed two-sided
interval discussed previously except a level (Type I error)
is not divided by 2 and the lower endpoint is not estimated.
The proposed one-sided prediction interval is:

{O, ML) Ml(t)+zmz<t>} 2

100 time units were selected as the time frame to collect
data on sales of slow-moving products. In order to
determine OSPIs dependability for making a comparison
with a limit value for giving all-important adjudication
about a subset of non-selling products, a simulation
(Monte-Carlo) with 1,000 copies of the demand for a
product groups over 100 units of time are carried out.
Consequently, practical Type | errors are determined
beyond a different circumstances for the number of
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products and the outcome rates.
4. RESEARCH APPLICATION

There is going to be a comparison between a classical
maximum likelihood approach and the Bayesian model,
refferring to the Poisson model, in which the rate
parameter of a Poisson distribution is estimated from the
earlier data. The effectiveness of each of these two
methods’s is assessed by the performance of Monte Carlo
simulation of authoritative ordinance rates over ten time
periods. In this paper, “moderate-demand products”
means the products which are not discontinuing. Let us
accept the concealed unidentified product’s demand rate
as A The approximation for this particular product might
be zero with no demand or without a registered demand
history. Accurately culled prior distribution for the
ordinant dictation rate may provide a more plausible
forecast than a forecast of zero because of the observed
period of time that may not be long enough to sanction for
a precise prognostication of future demand. For instance,
The Bayesian model may utilize a prior demand
distribution for a product which is predicated on demand's
distribution for all products. As a result of utilizing the
entire pool of products, the prior distribution's parameters
are guessed according to this point of view. On account of
arbitrariness in customer buying patterns, some products
may be expeditious and others may be gradually when It
comes to selling. In order to mitigate the effects of
insufficient data in presaging future demand rates, the use
of this approach is preferred.

Inequality's form of the cost expression (10) needs that

only the ratio of the surplus cost to shortage cost be kenned.

That is, cost deficiency of $5 and a cost of excess of $1
will yield identically tantamount results as a cost
deficiency of $50 and cost of excess of $10 respectively.
For the comparison of the costs predicated on the Bayesian
model and the Poisson model, a pool of 100 products is
utilized in the study of simulation. The pool of products'
demand rates are engendered from a gamma distribution
with a culled value of the mean identically tantamount to
3, which sanction some products to be slow moving
provided the standard deviation is not too diminutive. The
culled four standard deviations as follows: 5.5 (high), 1.7
(moderately high), 0.55 (low), and 0.17 (very low). The
following values are assesed by two parameters of the
gamma distribution: o, the shape parameter, and (3, the
scale parameter. The mean for the gamma distribution is
identically tantamount to and the variance is equipollent
to. The Standard deviations come about the written four
pairs of o and P values: a =03 and B=0.1,a=3 and f =
1, a=30and f =10, and a = 300 and B = 100. Genuine
product sales are engendered utilizing a Poisson process,
whenever the authoritative demand A is culled. As a result
of symbolising sales over a period of 10 time units, the
number of units sold for each product is replicated 10
times. This process is simulated 20 times and the average

costs per time unit are listed. The time units might be days,
weeks, months etc. After utilizing the underlying
distribution of injuctive authorization for that product,
assumed costs from keeping this amount of list of goods
can be assessed. In order to understand which model has
the lower expected cost, the performances of the two
models were criticized in Figure 1.

A flamboyantly blatant gap stands among the total
costs for the Bayesian model and the Poisson model for
the first two time periods. The total cost per period
utilizing either model amends dramatically after only three
periods like indicated antecedent in the study. If the
product demand rates' variance is averagely high, It can be
said that an advantage is there to utilize the Bayesian
model particularly for the first couple of time periods.
Although the surplus cost's ratio has effect on the graphs'
scale, there is not an extreme transmutation in the model's
relevant performance.

Table 1. Prediction intervals
Two sided Zero and One sale

Units Prediction Intervals
90% 99%
50 0.103 0.009
100 0.107 0.009
150 0.104 0.009
500 0.109 0.015
1000 0.100 0.025
0.04 1 |

99% Prediction nte%

1% 20 30 50 100 200 300 400 €00 00 1000

Figurel. Time between demands

0.14

0.1

A -
[ 90% Prediction Interval

Figure 2. Time between demands
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There would be an one explanation possible that when
the demand is high, less products have not any sales, and

more products will have periods with a demand of one unit.

With that circumstance, the Zero and One Sale prediction
intervals are reliable, see in Table 1. It looks like sensible
to ancitipate that prediction interval would be reliable for
products with a higher demand rate.

5. RESULTS AND DISCUSSION

The Bayesian approach allowed for updates using
historical data over specific time intervals. In this
approach, the manager must assume a prior probability
distribution for the demand rate of the products. This prior
distribution may be based on a manager’s experience with
similar products.

The Bayesian approach in this study used a gamma
distribution as a prior distribution of the demand rate. This
approach is more involved than using a Poisson approach,
but may be easily automated. In the simulation study, the
expected cost of inventory for the Bayesian model and
Poisson model were compared by varying the mean and
standard deviation of the of the demand rates of 100
products, which may be functionally dissimilar. In
addition, the cost ratio of shortage and surplus inventory
varied between 1:5, 1:1, and 5:1. The mean demand was
fixed at 3 and the standard deviations were varied from
0.17 to 5.5. The resulting total cost of the inventory using
these approaches typically declined quickly over the first
four or five periods and as time approached 10 periods, the
last time period for which updates were computed, both
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Abstract

Technology’s perpetual vicissitude and product models’ distinction in industrial market have a crucial effect on forecasting demand for
spare components. In order to set forth the future demand rates for products, inventory managers repetitively update their prognostications.
Bayesian model is utilizing a prior probability distribution for the injunctive authorization rate which was habituated in order to get optimum
levels of account over a number of periods. However, under sundry demand rates like intermittent demand, Bayesian Model’s performance
has not been analyzed. With the help of a research question, the study investigates that circumstance.

Keywords: Stratified random sampling, exponential type estimates, Auxiliary information, Mean squared error, Efficiency
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TABAKALI RASGELE ORNEKLEMEDE YARDIMCI
DEGISKENLER KULLANARAK KITLE ORTALAMASI ICIN
DEGISTIRILMIS USTEL TiP TAHMIN EDiCI

Ozet

Bu ¢alismada, kitle ortalamasi i¢in yardimci degisken bilgisi kullanarak yeni bir iistel tip tahmin edici tabakali drneklemede gelistirilmigtir.
Elde edilen tahmin edicinin etkinligini degerlendirebilmek igin, ilk olarak literatiirdeki bazi tahmin ediciler incelenmis ve 6nerilen stratejinin
optimum 6zelligi incelenmistir. Onerilen tahmin edicinin 6zelligini degerlendirebilmek igin optimallik kosulu altinda benzetim galismasi
ve gercek veri uygulamalar1 yapilmistir. Sonuglar elde edilen tahmin edicinin var olan oran ve ¢arpim tahmin edicilerinden ve tabakali
ornekleme diizeninde yansiz tahmin ediciden daha etkin oldugunu gostermistir.

Anahtar Kelimeler : Tabakali rasgele érnekleme, iistel tip tahmin ediciler, Yardimci degisken, Hata Kareler Ortalamast, Etkinlik

Jel Kodu : C10

1. INTRODUCTION

Sample surveys play important role in social science
research and also in interdisciplinary research. One of the
most popular sample designs used by survey researchers
is simple random sampling design which is often applied
without consideration of the population random variable

* gamzeozl@hacettepe.edu.tr (Corresponding author)

one wants to study. When the population distribution is
highly skewed, to the right or to the left, simple random
sampling might not be the most appropriate sampling
design to study the nature of the population. To obtain
more precise estimates of some parameters the researcher
should consider the importance of the sample units or the
data from a sample drawn from a population differently.
One of the sampling designs that apply different weights
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to the sampling units drawn from different subsets of the
population is stratified random sampling (SRS) design. In
stratified random sampling, the population is partitioned
into a number of strata and a simple random sample is
drawn from each stratum independently from the others.
For the estimation of the population parameters in such a
design, one uses different weights to the units drawn from
different strata to obtain unbiased estimates. By this way,
the estimates of the population characteristics from SRS
design are usually more precise than those from other
designs [1].

In a sampling survey situation, the investigators often
collect observations from more than one variable,
including the variable of interest y and some auxiliary
variables x’s. For example, to estimate the average
household living expense, the variable of interest is the
living expense of a household, and the auxiliary variable
can be the total income, the number of household
members, the social status or the residential area of the
household. For obtaining a better inference, one would
like to utilize the information provided by the auxiliary
variable to make the best use of the survey data. It is well
known that the use of auxiliary information at the
estimation stage improves the precision of estimates of the
population mean or total. Ratio, product and regression
methods of estimation are good examples in this context.
If the correlation between study variable y and the
auxiliary variable x is positive (high), the ratio method of
estimation envisaged by Cochran [2] is used. On the other
hand if the correlation between y and x is negative (high),
the product method of estimation envisaged by Robson [3]
and revisited by Murthy [4] can be employed quite
effectively. Diana [5] suggested a class of estimators of the
population mean using one auxiliary variable in the
stratified random sampling and examined the MSE of the
estimators up to the k-th order of approximation. Kadilar
and Cingi [6], Singh and Vishwakarma [7, 8], Singh et al.
[9] proposed estimators in stratified random sampling.
There are also some recent studies proposing estimators
depending on the exponential function. Bahl and Tuteja
[10], Singh et al. [9, 11] suggested some exponential ratio
type estimators for the SRS.

In this study, under stratified random sampling without
replacement scheme (SRSWOR), we suggest an
exponential type estimator to estimate the population
mean of the study variable which is more efficient than the
traditional estimators. The outline of the paper is as
follows: in Section 2, we consider several estimators of the
finite population mean that are available in literature. The
proposed estimators are given in Section 3 along with the
corresponding MSE expressions. In Section 4, we provide
theoretical comparisons to evaluate the performances of
the proposed and existing estimators. Real data
applications are provided in Section 5 and an empirical

study is conducted in Section 6, and some concluding
remarks are given in Section 7.

2. EXISTING ESTIMATORS

Let us assume that a finite population
U=(u,u,..u,) of sizz N, and let y and Xx,
respectively, be the study and auxiliary variables
associated with each unit u; (i=1 2,..,N) of the

population. Let the population size, N, is stratified into L
strata with h-th stratum containing N, units, where

L
h=1 2,..,L, such that >N, =N . A simple random

h=1

sample of size n, is drawn without replacement from the

L
h-th stratum such that Z n,=n.Let (y,,x,) denote the

h=1
observed values of the variables y and x on i-th of the h-th
stratum, where i =1, 2,..,N, and h=1, 2,...,L.

It is well known that the variance of the sample mean
estimator (Y,) under SRS is given by

var(y,) = Y w’ 7,85 (1)
h=1

When information is available on x that is positively
correlated with y, the ratio estimator is suitable for
estimating the population mean. For example, the area of
tillage can be considered as a useful auxiliary variable
when the harvest is the population quantity of interest.
Also, the amount of food resource can be used as an
auxiliary variable when the number of certain species of
animal is of primary interest. Hansen et al. [12] suggested
a combined ratio estimator for estimating the population
mean of the study variable Y

and w, =N, /N is the stratum weight. Similar
expressions for x can also be defined.

The mean squared error (MSE) of Y, , to a first degree of
approximation, is given by

L
MSE(Y,) = D w7, (S +R’S; -2RS ) (2)

h=1
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1-f n
where v, = o f, =—"". Here, R=

h h
is the population ratio, Sih is the population variance of a

study variable, Sih is the population variance of the

auxiliary variable and S, is the population covariance

yxh
between study and auxiliary variables in the stratum h.

When there is a negative high correlation between y and x
in the SRS, the product estimator for Y is defined by

Ve o
Y; = 7“ Xyt
and the MSE of the product estimator is given by

MSE(Y,) = > w7, (S +R'S; +2RS ) (3)

h=1

Auxiliary variables are commonly used in survey
sampling to improve the precision of estimates. Whenever
there is auxiliary variable information available, the
researchers want to utilize it in the method of estimation
to obtain the most efficient estimator. In some cases, in
addition to mean of auxiliary, various parameters related
to auxiliary variable, such as standard deviation,
coefficient of variation, skewness, kurtosis, etc. may also
be known. A number of papers on ratio type estimators
appeared based on different type of transformation.
Kadilar and Cingi [6] introduced an estimator for the
population mean using known value of some population
parameters in the SRS given by

g yst N
Yi=72 Xst,a,b’
Xst,a,b
L
where Ysl,a,b = th (ath +bh) !
h=1
ja— L —_
Xgan = th(ahxh +b,) and a,, b, are the functions

h=1

of known parameters of the auxiliary variable such as
coefficient of variation C
etc.

« » coefficient of kurtosis 3,

The MSE of the estimator Y, is given by

L
MSE(Y,) = D w7, (Si +R:,a’S: -2R aS ) (4)
h=1

where R,/ = ——=

Bahl and Tuteja [10] suggested an exponential ratio type
estimator for the population mean in simple random
sampling. Motivated by Bahl and Tuteja [10], Singh et al.
[13] adapted this estimator to the SRS as

y _ y exp XSt _XSI
’ ! XS'[ + _St .

The MSE of the estimator Y is obtained as

- 2 2 Rz 2
MSE(Y) = Y Wy, (Sm ~RS, +— SJ (5)
4

h=1

Kadilar and Cingi [14] proposed the following estimator
y, =k, exp()zt ‘j.
The MSE of the estimator Y is given by

(6)
Y_Z

L
MSE(Y,) =k’ Y w7, (S}, ~2RS,, +R’S} )+ (k-1)°YV"

h=1

where k = - .
> wy, (sjh ~2RS, + stjh)ﬁz
h=1

3. PROPOSED EXPONENTIAL ESTIMATOR

Motivated by Singh et al. [13], we define a modified

exponential type estimator for estimating Y in the
stratified random sampling as

— — ist ’ )_(stab_istab
= — | Xp| =————— 7
yPR ySt [Xst j p|:xst,a,b + ist,a,b :| ( )

where a and b are suitably chosen scalars and o is a

L
constant. Here, Xy = Z w (2 X +b) ’
h=1
j— L —
X,.,=2.w(aX, +b)and a,, b, are the functions

h=1

of known parameters of the auxiliary variable such as

coefficient of variation C,, , coefficient of kurtosis 3,,
etc.
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In order to obtain the MSE of Y., let us define
yst :Y_(1+eo) and Yst = )z(l'f' el) such that

1 L
E(e,)=E(e)=0 E(e§>=Y_—22w§nS§h :
h=1
2 1 - 2 2
E(e]) == D W/7,S; , and
Y
1 &,
E(ee,) :Wéwhyhsyxh :

Expressing Equation (7), in terms of e’s, we have

yPRz\_/(1+e0)(1+el)“exp{ aX-aX(l+e,) }

aX+2b+aX(l+e,)
where 6 = —— . We obtain
2(aX +bh)
V.. = Y(L+e,)(L+e,) exp| e, (1+0e,)" | (8)

Expanding the right hand side of Equation (8) and
retaining terms up to the second power of e’s, we have

Vo = Y(L+e) (1 +e,) [ -0e, (1- 68, +(0e,)" -...) |

:\7(1+e0){1+ael+@ef+..} )

2!

*[1‘ e, + 2L j(l— (0e.)")

Using Equation (9), we get

ZVPR_Y
e +oe +oee —0e —M—
? 0 1 170 1 2 (10)
- a(o -1
fe e —a0e’ + ( )ez

071 1 1

Squaring Equation (10) and then taking expectation of
both sides, we get the MSE of the estimator Yoy as

=MSE(Y,,)
=> W'y, (S +a’S +6'S] +2aRS, ~20RS 2065 )
(11)

We obtain the optimum o to minimize MSE(Y,,) .

Differentiating MSE(Y,,) with respect to o and

equating the derivative to zero, optimum value of o is
given by

L
D wy,(6S, —RS,)
o — h=1

opt L
h=

28,

1

Substituting the value of O gt in Equation (11), we get

the minimum value of MSE (Vg ) as

MSE,, (V..) = V(y,)L-p2) = D wiy,S, (L-p’) (12)

h=1
where p. is combined correlation coefficient in the
stratified sampling across all strata. It is calculated as

L 2
2
(thyhphsyhsxhj
h=1

= L L '
2 2 2 2
207,85, 2 WS,
h=1 h=1

2

P

4. EFFICIENCY COMPARISONS

In this section, we compare the MSE of traditional
estimators Y., i =1, 2,...,6, with the MSE of the optimal

proposed estimator Y., . From Equations (1)-(6) and
Equation (12), we have

[MSE(Y,) - MSE,., ()] = D Wy (S, - RS,)" >0

h=1

[MSE(Y,) - MSE,, (V,)] = D Wy, (S, - RS,)" >0

h=1

[MSE(Y,) - MSE,, (V,)] = D Wy (S, + RS,)" >0

h=1

[MSE(Y,) - MSE_, (V,)] = ijyh(sxh /12— RSyh)z >0
h=1

[MSE(Y,) - MSE,, (V,)] = > Wy, (S,0- RS,)" >0

h=1
These are always true. Hence, the estimator Ypr under
optimum condition will be more efficient than the
traditional estimators Y, i =1, 2,..,6, in all conditions.

5. APPLICATION TO REAL DATA SETS

In this section, the performance of the proposed
estimator are assessed with that of the existing estimators
for certain natural populations. Therefore, we have
considered three natural populations for the assessment of
the performance of the proposed estimators with that of
the existing estimators. The description of the populations
and the required values of the parameters are shown in the
Table 1.
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The Population I is taken from [6]. It is concerning the
number of teachers as study variable and the number of
students as auxiliary variable in both primary and
secondary schools for 923 districts at six regions (as 1:
Marmara 2: Aegean 3: Mediterranean 4: Central Anatolia
5: Black Sea 6: East and Southeast Anatolia) in Turkey in
2007. The Population 11 is taken from Kadilar and Cingi
[6]. In this data set, Y is the apple production amount in
854 villages of Turkey in 1999, and x is the numbers of
apple trees in 854 villages of Turkey in 1999. Tha data are
stratified by the region of Turkey from each stratum.
Population 11l is taken from the Japan Meteorological
Society [14]. The number of rainy days is the study
variable and the total sunshine hours is the auxiliary
variable.

Note that the Neyman allocation is used to allocate
sample to strata based on the strata variances and similar
sampling costs in the strata. It provides the most precision
for estimating a population mean given a fixed total
sample size. Neyman allocation assigns sample units
within each stratum proportional to the product of the
population stratum size and the within-stratum standard
deviation so that minimum variance for a population mean
estimator can be achieved. The equation for the Neyman
allocation is given by

h=1

In Table 1, we observe that the correlations between
auxiliary and study variables are positive for the
Populations I-11. Therefore, the ratio estimator is used for
the estimation of the population mean. Similarly, the
product estimator is used for the Population 111 since the
value of coefficient of correlation is negative. Then, the
MSE and PRE values of the traditional and proposed
estimators are obtained based on Populations I, 11, and 111
using Equations (1) to (7) and Equation (11), respectively.
These values are given in Table 2. From the values of
Table 2, it is observed that Y, estimators have the
smallest MSE values among all existing estimators. The
estimator with the highest PRE is also considered to be the
most efficient that the other estimator. From this result, we
can conclude that the proposed estimator is more efficient
than others for all data sets. Note that Y, requires the
auxiliary variable information, on the other hand, one can
reach the minimum MSE value using the proposed
estimator without auxiliary variable information.

6. SIMULATION STUDY
In this section, a simulation study is conducted to

compare the performance of the proposed estimator with
existing estimators in the SRS under different conditions

such as different p, h and/or n. As seen from Table 2,

MSE(Y;) of Singh et al. [9] is close to MSE(Y,g)
for the Population I, so we decide to compare the
performance of proposed estimator with Y. . Therefore,

we have simulated sample (with SRSWOR) using R
software (version 2.14.0). Bivariate random observations
were generated from a bivariate normal distribution. For
each condition, a pseudo population with size N = 1000
was generated. For each sample selected, we calculated
Y. and Ypgr . The empirical MSE is defined as the

average of the squared errors of the 1000 random sample

1 _
d calculated MSE = —— (¥, - Y)?
and calculated as 1000§(y' )

Furthermore, the empirical Relative Efficiency (RE) is
defined as the ratio of the empirical MSE's of Ypg to Y,

MSE(Ys)
MSE(Y)
a simulation study, we use the following steps in sequence:

1. Population size N=1000

2. Generate X = (Xy,..., X,y ) as the fixed values of
auxiliary variable.

3. Generate the fixed values of population variable
Y = (Y, Yy ) based on a bivariate normal
population model with a given correlation
coefficient p between x and y.

4. Select a random sample of (X, Y) with sample size
n.

5. Stratified the sample into h strata based on a given
condition of x, and calculate Y, and Y- .

6. For each case of correlation coefficient or h, 1000
different sample were selected to calculate the
empirical MSE for Y, and Y., denoted as
MSE(Y,5) and MSE_(VS) , respectively.

7. Calculate RE of MSE(Y,g) to MSE(Ys) .

In this simulation, we would like to study the impacts of
the population correlation coefficient p , number of strata
h, and sample size on RE. First we fixed the sample size
as n=100, and then simulate RE under differenthand p .
The results are summarized in Figure 1. From Figure 1, it

can be seen that the performance of Yo is superior to

JItis calculated as RE = . While performing

Y5 most of the time. RE of Y to Y. increases as h

increases, that is, the performance of Ypr is more

preferable as the number of strata increases. On the other
hand, RE increases as p increases. The RE can be as high

as more than 15 when the population correlation
coefficient is high and the number of strata is 8.

Another simulation study was also conducted to
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examine the impact of sample size n as well as p on RE.
As seen from Table 2, MSE of the product estimator Y,

is close to Ypg . S0, we compare the proposed estimator

with the product estimator. The number of strata is chosen
to be 3, which is not a large number of strata when
N=1000, so that the simulation would be fair to both
methods. The results are summarized in Figure 2. It is
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Table 2. PREs and MSEs of different estimators of population mean with respect to sample mean 71 for the populations.
Estimator Population | Population 11 Population 111
PRE MSE PRE MSE PRE MSE
yl 100.000 2247.600 100.000 673477.704 100.000 25.534
)_/2 65.303 3441.807 317.650 212018.592 * *
VB * * * * 168.097 15.190
y41 246.322 912.465 158.378 425234.956 51.951 49.150
)_/ 42 379.600 592.097 325.780 206728.053 50.195 50.870
y5 979.393 229.489 188.869 356584.710 70.284 36.330
y6 11.700 19210.676 79.096 851473.482 80.689 31.645
)_/PR 1150.221 195.406 333.204 202122.000 171.174 14.917
*: Not applicable
20 s
16 -
Z8 1 5

-
L

Figure 1. Relative efficiency of Y,z to Y.
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Abstract

There are more than six billion users of cell phones worldwide. The need for people to connect with others frequently is apparent in our
society. People use mobile phones everywhere and every time, to call and text friends, surf the web, visit social sites and attach themselves
to their communication devices at all times. As the use of mobile phones has proliferated in academic settings in recent years, new challenges
are faced by institutions of higher education and their faculties. Research indicates that increasing use of mobile phones by the students in
the classroom causes a big distraction, although all of the college students have their own mobile phones and all of them regularly bring
their devices to courses. The prevalence and inconvenient usage of mobile phones in colleges has prompted college administrators to create
policies to manage mobile phone use during the school day. Also there is a lot of support for mobile phones to be banned from colleges, but
such rules are not accepted or enforced in universities. Actually, college students must have the ability to consider the advantages and
disadvantages of their behaviors. This study enlightens the situation about use and abuse of cell phones during courses. This paper presents
the result of a study conducted on 300 college students from faculty of business administration at Sakarya University to gain a better
understanding of the frequency and manner of cell phone use in college classrooms. Focusing on the use of text messaging during courses,
students reported on their own and others’ use of cell phones. The current research reveals that minority of the students use their smartphones
during class time to enhance learning, such as using their smartphones as computers to look up relevant information pertaining to the lesson,
as cameras to take pictures of information on the blackboard or screen, as calculators, and so forth. However, majority of the students use
their smartphones during class time for personal use not related to learning. One of the most striking result of this study shows that majority
of the students distract their classmates and they will continue to behave this way, unless the administrators take precautions.

Keywords: Misuse of mobile phones, abuse of mobile phones, phubbing, mobile phone use in class

Jel Code: M54

SINIF ICERISINDE DIKKAT DAGITMA ARACI OLARAK CEP
TELEFONLARI: UNIVERSITE OGRENCILERININ BAKIS ACISI

Ozet

Diinya capinda 6 milyonu askin cep telefonu kullanicis1 bulunmaktadir. Insanlarin sik¢a birbirleriyle iletisim kurma ihtiyaci duydugu
gbzlenmektedir. Insanlar her zaman ve her yerde, arama yapmak, mesajlagsmak, internette dolasmak, sosyal paylasim sitelerini takip etmek
amaciyla cep telefonu kullanmakta ve iletisim cihazlari ile biitiinlesik halde yagsamaktadir. Son yillarda cep telefonlarnin egitim
ortamlarinda hizla ¢ogalmasiyla beraber yiliksekogrenim kurumlarini ve fakiilteleri zorlu bir durumla karsi karsiya birakmustir. Bu
arastirmada, tniversite 6grencilerin siniflarda cep telefonu kullanmasinin dikkati biiyiik oranda dagittiginin, buna ragmen 6grencilerin
tamaminin cep telefonuna sahip oldugunun ve hepsinin cihazlarini ders esnasinda da yanlarinda tasidiginin alti ¢izilmektedir. Cep
telefonlarinin yaygin ve uygunsuz kullanimi, yoneticileri bu konuda bir takim kurallar koymaya mecbur birakmakta, ancak uygulanan
kurallar iiniversite yonetimi tarafindan kabul edilmemekte veya mecbur tutulmamaktadir. Her ne kadar 6grencilerin ders esnasinda telefon
kullanmanin avantajlarini ve dezavantajlarini bilmeleri gerekiyor olsa da, bu caligmanin asil amaci 6grencilerin bu konudaki diislincelerini
ac18a ¢ikartmaktir. Bu makalede, iiniversite dersliklerine cep telefonu kullanim siklig1 ve aliskanliginin degerlendirilmesi amaciyla, Sakarya
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Universitesi Isletme Fakiiltesinde 6grenim gérmekte olan 300 {iniversite 6grencisi ile yapilan arastirmanin sonuglarina yer verilmistir.
Agirlikli olarak ders esnasinda mesajlagsmanin konu edinildigi ¢alismada 6grenciler kendilerinin ve sinif arkadaslarin kullanimina iliskin
bilgi vermislerdir. Calismanin sonuglarina gore akilli telefonlarin ders esnasinda en fazla kullanilma sebebi dersle ilgisi olmayan kisisel
sebepler olarak 6n plana ¢ikarken; azinlik bir 6grenci toplulugu dersle ilgili bilgilere erismek veya tahtadaki ders notlarinin resmini cekmek
ya da hesap makinesi kullanarak dersteki 6grenme verimini arttirmak amaciyla da telefonlarindan yararlandiklarmi belirtmiglerdir.
Calismanin en garpici sonuglaridan birisine gore; 6grencilerin biiyiik bir cogunlugu ders esnasinda arkadaslarini telefon kullanarak rahatsiz
ettiklerini kabul etmis ve gerekli tedbirler alinmadigi takdirde bu sekilde davranma niyetini agik¢a ortaya koymustur.

Anahtar Kelimeler : Cep telefonlarinin kétiiye kullanimu, cep telefonlarinin suistimali, sinifta cep telefonu kullanimi

Jel Kodu : M54

1. INTRODUCTION

In recent years, the mobile phone alternately referred
to as cell phone has become one of the fastest-growing
communication technologies ever, with subscriptions
reaching went from almost none to a half billion through
the 1990s (ITU, 2002), over two billion in 2005 (Wireless
Intelligence, 2005) and now nearly 7,5 billion (GSMA
Intelligence, 2014) worldwide. Mobile phones proliferate
in our society, influencing the way people communicate
on a daily basis. Studies have examined mobile phones can
be used in any settings, including restaurants, grocery
stores, buses, trains, and movie theaters for e-mail, text,
find information, take picture, communicate, use map etc.
(see, for example, (Ling, 1997, 2002; Murtagh, 2002;
Campbell & Russo, 2003; Rice & Katz, 2003; Campbell,
2004) whenever you want and wherever you need.
Considering the practically and popularity of this
communication tool, it is surprising that appropriate and
polite use of mobile phone is still unclear as there is no
definitive set of rules for its usage (Elgan, 2010; Rosenfeld
& O'Connor-Petruso, 2010).

In this context, although the urbane use of mobile
phones is not identified, the impolite behaviors are well
known. Phubbing is a brand new expression and stands for
“phone snubbing”, describes the act of snubbing someone
in a social setting by looking at your phone instead of
paying attention. This word is born as part of a campaign
by Macquarie Dictionary. In May 2012, the advertising
agency behind the campaign - McCann Melbourne -
invited a number of lexicographers, authors, and poets to
produce a new word to describe the behavior. The term has
appeared in media around the world, and was popularized
by the Stop Phubbing campaign created by McCann.

By means of this very meaningful word, the disrespect
of the students, don’t paying attention to the teacher during
courses, found a name. Nowadays, this rudeness is rifle
throughout the world in all walks of life. The abuse of
smart phones has placed people at the risk of impaired
social interactions. When it comes to smartphones, tablets
and other mobile delights, many of the adults have the
unfortunate tendency to behave like children: prodding
and poking their shiny toy to the exclusion of anyone and
anything else. People would rather communicate via text

instead of talking face-to-face. As an increasingly pressing
issue, phubbing has raised global attention and stirred
widespread discussion. Almost in all kinds of social
settings one can find phubbers.

Nevertheless the problem of phubbing becomes much
trickier when it comes to the field of education.
Traditionally expected, while the learning environment
should be quite and pleasant, portable device use has
become increasingly common in the classroom with 62%
of students reporting the use of electronic media for non-
academic purposes while in class, studying, or doing
homework (Jacobsen & Forste, 2011) and estimated 95%
of college students bring their mobile phones to class
every day. For example, one study found that a third of
college students in the U.S. play video games on their
mobile phones during class (Gilroy, 2004). End,
Worthman, Mathews, and Wetterau (2010) claimed that
ringing mobile phone impairs student performance during
the lesson. However, mobile phone ringing is distracting,
students typically do not converse with the caller during
lectures (Barks, Searight, & Ratwik, 2011). Although,
silent cellular phone text messaging permits extensive
conversational exchanges during classes that may not be
as obviously disruptive (Young, 2006), a significant
proportion of surveyed believe that texting creates a
distraction to those sitting nearby (Tindell & Bohlender,
2010). Considering that the classroom discipline is one of
the most important aspects in teaching and learning, it
become not easy for teachers to struggle with mobile
phones’ negative impacts on students while keeping them
focused on learning. In addition to all this negativity, some
students have found ways to use mobile phone by
accessing information online during an exam, taking and
disturbing photos of exam, and text-messaging answers to
exam questions (Katz, 2005).

As seen from another frame, it is important to
recognize that not all mobile phone use in educational
contexts is objectionable. For example, Katz (2005)
reported on uses of the technology for tutoring, accessing
Internet resources, and connecting students, instructors,
and parents in efforts to coordinate school-related
activities. Others have noted the potential of the
technology to support anytime, anywhere learning
(Mifsud, 2003), new forms of collaboration in distance
education (Milrad, 2003), distributed intelligence (Fischer
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& Konomi, 2005), and knowledge communities through

““m-learning,”” the mobile evolution of Internet-based e-
learning (Nyiri, 2002).

Gilroy (2004) argued that the opinions of faculty
regarding the use of cell phones in the classroom are quite
diverse, with some faculty members wishing to ban them
and others feeling that even guidelines on cell phone use
are overly restrictive and unnecessary. Some institutes
have certain guidelines for restricting the students for
carrying and using mobile phones in the class rooms,
whereas some institutes are not much restrictive
(Shrivastava & Shrivastava, 2014). A study, conducted by
National Education Association (NEA), shows that 85%
of a sample of higher education instructors in the U.S.
agreed that professors include policies regarding the in-
class use of mobile phones on their syllabi.

The world is changing and people do not feel safe
themselves without their communication devices. Indeed
they are not so unfair... A development psychologist
Andrew Trotter has said: “By using technology, children
are feeling more of a sense of mastery and are feeling good
about themselves.” Just think about it. In 1999 schools
shouting in Colorado, in 2012 another terrorist attack
occurred and 6 teachers were kidnapped in Turkey, and the
most known and terrifying one is called “Beslan school
hostage crisis” lasted three days and involved the capture
of over 1,100 people as hostages, ending with the death of
385 people. Accordingly, the purpose of this study is to
explore students’ intention about phubbing during courses
and find out if they bring their mobile phones because they
want to feel safe or just because of phubbing or cheating..

2. LITERATURE REVIEW

The modern era of the college classroom began with
two instructional items: the chalkboard and the overhead
projector. Since those early days, classrooms are equipped
with new technology products. Today’s college classroom
may contain computer projection, large screens and/or
whiteboards, and all of the devices necessary to enhance
education. All of the technology in the classroom had one
thing in common: it was controlled or utilized by the
instructor.

Perhaps the most interesting, challenging, and
controversial technology to be introduced does not come
from the instructor, but rather the student that being the
electronic devices students are bringing into the classroom
(Bayless, Clipson & Wison, 2013).

When cell phones first began to appear in the
classroom, an annoying ringing phone would announce its
presence and students would look around wondering who
it belonged to. This distractor made it difficult for the
instructor to keep the attention of the class. Later the rings
changed to notes of a song, then to vibrations, which could
bounce a phone across a metal desk, and finally to text
messages. Every call or message is a distraction to

someone. Now smartphones have access to the internet
allowing students to browse on Facebook or any other
website, as well as check email and send text messages.

Many recent studies have been conducted to clarify the
usage of mobile phones in class, but the literature is
insufficient about the new expression, phubbing. No study
to date has surveyed students’ mobile phone using habits
under the frame of phubbing. As phubbing means
snubbing someone by looking at your phone instead of
paying attention, we consider that, being busy with mobile
phones during courses is an act of phubbing.

Tindell and Bohlander (2012) surveyed 269 college
students and argued that the use of the cell phone is a
distraction and that “if students are spending time texting,
they are not paying attention in class”. Campbell (2006)
conducted a study to explore some of the challenges
associated with mobile phones in college classrooms.
Participants including students and teachers reported that
ringing is a serious source of irritation and distraction for
both students and faculty members and supported for
formal policies restricting the technology during class time.
Froese et al. (2012) found students expect texting during
classes. Clayson and Haley (2012) found students received
and sent texts during class time. Students believed they
could listen to lectures and text at the same time. This was
not so and they earned lower grades.

Synnott (2013) surveyed 129 students at a midsized
public university in New England. The study's focus was
on students' use of smartphones during class time and their
perceptions with regard to their classmates' use of
smartphones concerning: texting, surfing the Web, visiting
social sites, and leaving the classroom to take calls. He
found all students do engage in these activities during class
time to some degree. He also found that students
misperceive that their peers use their phones more than
they do themselves. These misperceptions may result in
students increasing their use of smartphones during class
time to be like their peers.

A pilot study conducted by Burns and Lohenry (2010)
surveyed faculty and students in the health sciences to
determine the perception of cell phone use during class.
About 40% of the students indicated that they used their
phones during class, and this activity caused a distraction
for about 85% of the students. It seems clear that students
are using their phones during class, and that this behavior
is potentially disruptive. They also found the majority of
students and faculty believed that cell phones were
distracting during class. These personal behaviors in the
context of teaching and learning often annoy professors
(Jenkins, 2011). This is not the case for all professors of
course.

Massimini and Peterson (2009) found students' use of
smartphones resulted in tardiness. Tardiness results in
negative consequences on the learning experience for the
late students and the students interrupted by this behavior.
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Dzubak (2012) found interruptions during the learning
process inhibit knowledge acquisition. Another study
found students who experienced a ringing smartphone
during a video presentation performed poorly compared to
students in a control group who did not experience ringing
phones (End, Worthman, Mathews, & Wetterau, 2010).

Braguglia (2008) examined the use of cell phones in a
college setting. Over half of the students in the survey
reported that they “interact with their cell phone during
class time in every class they attend” (Braguglia 2008, 59),
but the vast majority did not feel that the use of their phone
interfered with learning. This study was limited to
business majors, however, and did not focus on classroom
management issues, but rather dealt with the overall use of
phones by students.

Findings such as these may not be surprising given
other research involving human behavior and the use of
digital technology. Ophir, Nass, Wagner, Anthony &
Posner (2009) noted society’s increasingly saturated
media environment means more people are consuming
more than one content stream at the same time. Ophir told
Thomas (2009) the human mind is not really built for
processing multiple streams of information. Foerde and
Poldrack (2006) found people had a harder time learning
new things when their brains were distracted by another
activity. In classroom settings, Wei, Wang and Klausner
(2012) found texting during class partially affected a
students' ability to self-regulate their attention to
classroom learning. In an earlier study, Wei and Wang
(2010) noted college students’ ability to text and perform
other tasks simultaneously during class might become a
habit over time. Such habits may be defined as automatic
behaviors triggered by minimum consciousness.

McCoy (2013) asked 777 college students from six
U.S. universities to describe their behavior and
perceptions regarding classroom use of digital devices for
non-class purposes. He stated that the average respondent
used a digital device for non-class purposes 10.93 times
during a typical school day for activities including texting,
social networking, and emailing. Most respondents did so
to fight boredom, entertain themselves, and stay connected
to the outside world. More than 80% of the respondents
indicated such behavior caused them to pay less attention
in the classroom and miss instruction.

In their paper Belwal and Belwal (2009) conducted a
study on identifying mobile phone usage behavior of
college students in Oman. They conducted a survey of 200
students in Muscat and Sohar cities of Oman. Their
research revealed that a majority of students make less
than 10 calls but more than 10 SMS per day, they feel
uncomfortable without mobile phones, they keep their
mobile phone switched on 24 hours, and they are equipped
with almost every feature in their mobile. That means,
students are keeping their mobile phones during their class
times also.

Students are busy in receiving and sending text
messages while attending a class lecture. Gilroy (2004)
found that a third of college students in the US play video
games on their mobile phones and laptops during class.
Other studies from Korea, Norway, and the US indicate
that various forms of mobile phone use take place in
classrooms all over the world (Katz, 2005).

These studies show that students’ smartphone use
during class time is common, disrupts the learning process
and distracts classmates. Research on this evolving topic,
namely phubbing is limited; also research in this area
needs frequent updating because the proliferation of new
technology is growing at an exponential rate.

3. METHODOLOGY

Students from a state university in Turkey, Sakarya
participated in this study. Students were invited to
participate in the survey by one of their instructors, when
they were waiting for the course to begin. The selection
process produced a stratified sample with respect to
academic major, with 6 different majors, representing the
business school at the university.

We prefer to choose stratified random sampling over
other types of sampling, because we want to examine if
the trends vary between subgroups within the population.
Stratified sampling is appropriate for this because it
ensures the presence of key subgroups within the sample.
Also stratified random sampling allows us to observe
relationships between subgroups. With this type of
sampling, we are guaranteed subjects from each subgroup
are included in the final sample, whereas simple random
sampling does not ensure that subgroups are represented
equally or proportionately within the sample.

Another fact for using stratified sampling is our interest
in rare extremes of the business school population, such as
department of management information systems or
international trade which have less population; by that way
we can representatively sample even the smallest and most
inaccessible subgroups of the college population. Simple
random sampling does not allow this.

Stratified random samples generally require smaller
sample sizes, which in turn can save a lot of time and effort
for us. This is because this type of sampling technique has
a high statistical precision compared to simple random
sampling due to the fact that the variability within the
subgroups is lower compare to the variations of dealing
with an entire population (Babbie, 2001).

We use proportionate stratified random sample in this
research to represent the business school truly. In
proportional stratified random sampling, the size of each
strata is proportionate to the population size of the strata
when looked at across the entire population. This means
that each stratum has the same sampling fraction. We have
six strata with population sizes of 760, 1530, 70, 90, 900
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and 140. We chose a sampling fraction of 1/10, this means
we randomly sample 76, 153, 7, 9, 90 and 14 students from
each stratum respectively. The same sampling fraction is
used for each stratum regardless of the differences in
population size of the strata. In order to conduct this
quantitative analysis, totally 349 students from six
departments participated the survey.
Table 1: Descriptive Statistics

Frequency  Percent Cumulative
Percent
Strata 1 76 21,8 21,8
Strata 2 153 438 65,6
Strata 3 14 4,0 69,6
Strata 4 90 258 954
Strata 5 7 2,0 97,4
Strata 6 9 2,6 100,0

Total 349 100,0

4. RESULTS AND DISCUSSION

Because the participants could choose to omit questions
if they desired, the sample could vary by question, but all
of them are answered. The sample size didn’t differ from
the total of 349.

All participants (100%) said they had a mobile phone
that could be used for text messaging and almost all of

them (99%) indicated they had sent standard text messages.

The vast majority (99,1%) said they always bring their
phone to class. It is clear that college students are using
their cell phones in the classroom. Almost all (98%)
admitted to sending or receiving text messages while
waiting for class to begin. About 95% admitted that they
phub in class at least once or twice, and 32% do this every
day. The participants also notice the phubbing done by
others in the classroom, with 98% of students indicating
they have noticed this at least once or twice.

If we consider being busy with the mobile phones
during courses as phubbing, this means at least 95% of the
students take a part in this rude behavior.

The students indicated that while in class their phones
were either set to vibrate (51,6%) or silent mode (44,4%).
Only 2,3% of the respondents stated they turn off their
mobile phones and 1,7% of them said their phones stay at
loud mode.

Generally, women and men make different decisions
and they have different manners. The female student
profile at Sakarya University seems more sensitive and
timid than male students. Accordingly, we decided to
make cross tabulation for sound profile and gender to
analyze the relation. Table 2 shows the results. The
exciting part is that the percentages differ in silent and
loud modes. 54% of female students prefer to use their
phones In silent mode where this percentage is just 26,5

for male. Majority of female students (54%) set their
phones to silent mode. Most of the male students (48,9%)
set their phones to vibration mode. Because the sample
size is not so big, it’s hard to comment on some results.
Only 6 students indicated they set their mobile phones to
loud mode during courses. Whereas one of them is female,
5 respondents is male. The pattern of percentages within
genders reveal the intention of students. Male students
seem calmer, whereas female participants appear more
sensitive about disturbing their classmates.

Table 2: Sound Profile * Gender Relation

Gender
—  Total
Female Male
Count 4 4 8
% within Sound
0, 0, 0,
T;rned Profile 50,0% 50,0% 100,0%
0
% within Gender 19% 29% 2,3%
% of Total 11% 1,1% 2,3%
Count 114 41 155

% within Sound
Silent Profile

% within Gender 54,0% 29,7% 44,4%
% of Total 32,7% 11,7% 44,4%
Count 92 88 180

% within Sound
Vibration Profile
% within Gender 43,6% 63,8% 51,6%

% of Total 26,4% 25,2% 51,6%
Count 1 5 6

73,5% 26,5% 100,0%

Sound Profile

51,1% 48,9% 100,0%

% within Sound 16,7% 83,3% 100,0%

Loud Profile
% within Gender 05% 36% 1,7%
% of Total 03% 14% 1,7%
Count 211 138 349
ot (;f‘;c‘)’lfiilt:i” Sound 60,5% 39,5% 100,0%
% within Gender 100,0% 100,0% 100,0%
% of Total 60,5% 39,5% 100,0%

Phubbing can occur by texting, surfing the web,
checking time, answering a call etc. The multiple choice
question about the usage purpose of mobile phones during
class revealed that majority of the students (77,8%) use
their phones to check time or date and 54,5% use as a
calculator. Although these purposes show students so
innocent, 56,9% of them indicated they check whatsapp,
41% send messages, 32,9% surf the web, 22% use
facebook during courses. This results show that checking
time or date forms the greatest portion of phubbing.

However, students do not feel that instructors are aware
of their phubbing habits. Almost half of the respondents
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indicated that it is easy to text in class without the
instructor being aware. Another third of the respondents
said that the difficulty depends on the class, with it being
easy in some and more difficult in others. When asked to
complete the following statement, “If college instructors
only knew about text messaging in the classroom, they
would be shocked,” students most commonly responded
(84%) that instructors would be shocked if they knew how
much texting goes on. So, students are consistent in their
views that instructors are unaware of the extent to which
texting occurs. Students apparently do not want to risk a
confrontation with the professor, and so are less likely to
text in class if the instructor has a set policy and seems to
care whether the students are texting. The participants also
claim that %92 of the instructors, who care about
phubbing and have a set of rules during courses, is male.

The size of the classroom also has a big impact on how
easy it is to phub without being noticed. The vast majority
(92%) of participants believed they could text without the
instructor being aware in a classroom that had more than
50 students, and about half felt they could go undetected
in a class with fewer than 25 students. This percentage

decreased to only 16% if the class had less than 10 students.

Consistent with this finding, when asked to specify what
classroom characteristics make it easier to text,
participants most frequently referred to the size of the
classroom, indicating that it is easier in large classrooms,
with more students. This seems to be particularly true
when the room is crowded and there is an obstructed view
from the instructor to the phubbing student.

With the apparent widespread use of cell phones in
class, we questioned the reasons which make the students
to phub during courses. About 13% of the students
surveyed indicated that they prefer to phub because they
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Abstract

In today’s global competitive environment, it is important to be able to evaluate the efficient use of a firms’ resources. The aim of this study
is to predict the discard rate for headlight frames before the project of an automotive sub-industry firm in Bursa. For this prediction, the
multilayer perceptron model, the radial basis function network model and multiple linear regression models were used. Matlab R2010b
software was used for the multilayer perceptron model and radial basis function network solutions, and SPSS 13 packet software was used
to solve the multiple linear regressions. Comparing the three models, the multilayer perceptron model was identified as the best predictive
model.

Keywords: Artificial neural network, Multilayer perceptron model, Radial basis function network model, Multiple linear regression model, Discard rate
Jel Code: C13,C45

PLASTIK ENJEKSIYON KALIPLAMADA ISKARTA ORANI
TAHMININDE YAPAY SINIR AGLARI VE COKLU DOGRUSAL
REGRESYON MODELLERIN KARSILASTIRILMASI

Ozet

Giintimiiz kiiresel rekabet kosullarinda firmalarin kaynaklart etkin kullanarak degerlendirmesi oldukga dnemli bir konudur. Bu ¢aligmanin
amaci Bursa’da bir otomotiv yan sanayi firmasinin proje dncesinde far ¢erceve pargasinin 1skarta oranini tahmin etmektir. Bu tahmin igin
yapay sinir ag modellerinden ¢ok katmanli algilayict model, radyal tabanli fonksiyon ag modeli ve ¢oklu dogrusal regresyon model
teknikleri kullanilmigtir. Calismada gok katmanl algilayict model ve radyal tabanli fonksiyon ag model ¢oziimleri i¢in Matlab R2010b
programi, ¢oklu dogrusal regresyon model ¢oziimii igin SPSS 13 paket programi kullanilmistir. Firmanin 1skarta orani tahmininde bu {i¢
model kiyaslanmis ve en uygun modelin ¢ok katmanli algilayici model oldugu belirlenmistir.

Anahtar Kelimeler : Yapay sinir aglari, Cok katmanli algilayict model, Radyal tabanli fonksiyon ag modeli, Coklu dogrusal regresyon model, Iskarta orani
Jel Kodu : C13,C45

just-in-time production (Artkan Kargi,2015).

1. INTRODUCTION . . L .
As with every industry, the plastics industry aims to

produce quality products in the shortest possible time and
with lowest possible cost. The project firm for this study
in Bursa employs a lean production system. Lean
production is defined as a system in which wastage with

Aggressive competition in demand-driven global
markets forces firms to produce fewer faulty products. To
achieve this firms use methods such as lean production,
Six Sigma, benchmarking, total quality management, and
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no added value, such as faults, costs, inventory, labour,
development processes, prodution area wastage, or
customer dissatisfaction is minimised (Womack et al,
1990). The quality of production is an essential condition
for a firm applying lean principles. In lean production
“product quality” requires a discard rate of 3,4 per million
to 0.

Plastic goods such as toys, automobile parts, various
electronic parts, or the home appliances we encounter in
daily life, are mostly produced by using injection molding
techniques. Plastic injection molding is a process for
producing parts by injecting molten thermoplastic material
into a mold and removing the part after it has hardened on
cooling (Ozek and Celik, 2011). Thermoplastics materials
are used in the injection molding process. Thermoplastics
structurally become soft and fluent under heat, and harden
when cooled down only undergo physical change. For this
reason injection molding is used for shaping
thermoplastics (Chang et al, 2007).

2. LITERATURE REVIEW

One of the prediction tools used for plastic injection
molding is artificial neural networks. In the literature
Rewal and Toncich (1998) used artificial neural networks
to predict part weights and improve part quality. Lau et al.
(1999) used artificial neural networks and fuzzy logic for
mold manufacturing for plastic injection molding.
Artificial neural networks were used to study the effect of
input parameters such as injection time, cooling time,
clamping time and clamping pressure on parts that are
molded. Sadeghi (2000) used back-propagation
techniques for predicting ideal injection pressure and
injection time for high density polyethylene materials. Zhu
and Chen (2006) predicted flashes (excess material
attached to the finished product) in injection molding
operations by analyzing data with a fuzzy neural network
algorithm, using injection speed, melting temperature and
clamping pressure as input parameters, to create a multiple
regression model. Oktem et al. (2006) used neural
networks and genetic algorithms to determine cutting
parameters, such as cutting speed, feeding amount, axial
and radial cutting depths, and machining tolerances, for
the minimization of surface hardness. The genetic
algorithm and the neural network were able to determine
the optimal cutting parameters for minimum surface
hardness without any constraints. It can be seen that the
values from this technique and measurements done for the
experiments are very close to each other. Changyu et al.
(2007) examined how injection molded parts are affected
by process conditions. They indicated that a combination
of artificial networks and genetic algorithms for
optimization of injection molding processes produced
satisfactory results. Karatas et al. (2007) using artificial
neural networks, devised a new formula that is based on
various injection parameters, for determining flow length
in injection molding of commonly used commercial

plastics. Tsai and Luo (2015) used artificial neural
networks and response surface methodology to obtain a
prediction model for lens form correctness.

Our study is applied in a automotive sub-industry
company which manufactures headlight frame parts by
plastic injection molding in Bursa. In conclusion of the
meeting which was held with the executives, it was stated
that a new project will be started. In this new project, we
were demanded that determining optimal parameters of
headlight frame production for minimizing discard rates.
To solve the problem faced by this automotive sub-
industry firm, it was decided that using a multiple linear
regression model, artificial neural network types
multilayer perceptron model and radial basis function
networks would be the most suitable due to the knowledge
we attained. The main purpose of our study is predicting
the discard rate before the project for headlight frames that
are produced by plastic injection molding and determine
which one of the three models that was used for the
prediction is the most effective.

3. DATA AND METHOD

Data used in the study consist of 205 data points that
were collected at the automotive sub-industry firm in
January 2015. The data was used for determine the discard
rate of headlight frame products and the parameters that
lead to discards. Input parameters that cause discards are:
injection pressure, mold temperature, injection speed,
clamping pressure, counter-pressure, clamping time and
screw-barrel unit temperature. The output parameter is the
headlight frame discard rate.

This study used a multilayer perceptron model, a radial
basis function network model, and a multiple linear
regression model to predict the headlight frame discard
rate.

3.1. Artificial Neural Network Models

Artificial neural networks (ANN), are information
processing structures inspired by the human brain. They
are parallelly distributed computer programs consisting of
computing elements that are related to each other with
weighted relations and that each have their own memory.
In other words, ANNs are computer programs which
mimic biological neural Networks (Elmas,2011).

ANNs simulating the performance of human brain
have many features such as learning from data,
generalizing, tolerating errors and working with unlimited
number of variables. The smallest units forming the basis
of ANN are called artificial neurons or computing
elements. As in Figure 1, the simplest artificial neuron
consists of five main components including inputs,
weights, combination function, transfer function and
output.
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Figure 1. Functional Structure of an Artificial Neuron

Figure 1 shows that inputs (x1,x2,.., xn) are obtained
from outside the artificial neuron. These data can be
provided by samples which the network will use to learn
from — by another neuron or by the neuron itself. Weights
(wl,w2,..wn) are values indicating the effects on sets of
inputs or a computing element of previous layers. Each
input is combined with a combination function through
multiplication with weights, connecting input to
computing element. The output (y) is determined by
passing the result of the combination function through
linear or nonlinear derivative transfer functions.

y="f (Zn: X,W, +0) (1)

To date, many artificial neural network models have
been developed. The most commonly used, and the ones
that were used in this study, are the multilayer perceptron
(MLP) model and radial basis function network (RBFN)
model.

3.1.1. Multilayer Perceptron Model

Multilayer perceptron (MLP) is a type of artificial
neural network which uses at least one layer between the
input and output layers. Contrary to single layer
perceptron, MLP can produce solutions to non-linear
problems, making MLPs the most popular type of artificial
neural network, with widespread usage. The structure of
an artificial neural network using one hidden layer
between input and output layers is given below in Figure
2 (Lippmann, 1987).

NNy

Figure 2. Structure of the Multilayer Perceptron Artificial Neural
Network Model

An artificial neural network learns from training
samples and acquires the ability to make generalizations.
The power of a neural network is closely dependent on
how well it can make generalizations using sample data
sets. The learning process of an artificial neural network
takes place with the calculation of link weights between
layers. Weights are altered with the selected learning
algorithm. In the learning phase of MLP networks, a back-
propagation algorithm is generally chosen which aims to
reduce and distribute errors from output to input layers.
This is the most common type of algorithm in practice and
has a supervised learning structure where a sample data set
consisting of input and target values is given to train the
network. In the learning phase of this supervised learning
algorithm, weights are updated with the equation given
below and a minimization of error function (Oztemel,
2003).

1¢ :
Total Error =TE = EZ (B,-v.) 2

m=1

In Equation 2, Bm represents the output produced by
the network, ym represents real output value. To minimize
the total error, link weights are recalculated and updated,
making the network produce values closest to the real
values. When the weights are updated correctly, the neural
network correctly predicts the results for the newly input
data.

3.1.2. Radial Basis Function Network Model

Radial basis function networks (RBFN) consist of three
layers — one input layer, a single hidden layer used as
transfer function and giving a name to the network, and
one output layer [16]. Inputs of the network are non-linear,
while the output is linear.
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RBFNs were initially applied to the solution of
multivariate interpolation T problems. The first RBF
studies were carried out by Powell (1985) and then by
Light (1992). At present, RBF is one of the principal fields
of numeric analysis research. On the other hand,
Broomhead and Lowe (1988) were the first researchers
who used RBF for neural network design (Haykin,1999).
RBF networks take a shorter period of time in training
compared to MLP and they can approach the best solution
without getting stuck on local minimums. Therefore, RBF
networks have started to be used in applications involving
prediction, curve fitting and function approximation as an
alternative neural network to MLP (Kaynar et al, 2010).
The structure of radial basis function network is given in
Figure 3.

Input layer Output layer
Figure 3. Structure of Radial Basis Function Artificial Neural Network
In this network type, inputs are directly transferred to a
hidden layer without multiplication with weights, unlike
MLPs. Then, as shown in the equation below, an output ()
is produced based on the distance between input vector
and the reference vectors (uj) indicating the center of
radial functions in the hidden layer. Although many
distance measures are defined, generally the Euclidian
distance, measuring the linear distance between two points,
is used as the distance measure. And, although there are
many radial basis functions suggested for hidden layers,
Gauss function, as shown below, is the most preferred.

Hidden layer

¢_ =exp _M (3)
] 2 2

g
In Equation 3, x; signifies the input vector given to the
network and u; represent the central (reference) vector,
while |||| is the distance function and o ; indicates the
spread of Gauss function. Then, ¢; values obtained in the
hidden layers are multiplied with weights and totalled to

T “Interpolation” is a general method of predicting possible values at
different and unknown points or in the range of these points based on
existent (known) data points.

give the output of the network, as is shown in the below
equation.

L
Y, = ZWk,-¢,- +b, )
j=1

In equation 4, L is the number of nodes in the hidden
layer, yx is the output (wy) for k™ input of j*" node, by is
the weight between kth RBF unit and j™ output node and
threshold of k™ node.

In designing an RBF network, many different training
approaches are proposed in the literature for determining
the radial basis functions’ central vector. Some of these
approaches are: fixed centres selected at random, self-
organised selection of centres, and supervised selection of
centres (Haykin, 1999).

3.2. Multiple Linear Regression Model

The multiple linear regression method is used to
investigate the linear relation between one dependent
variable and two or more independent variables. It is
generally shown as a model demonstrating the relation
between dependent variable (output) and n-independent
variables (input) (Tso and Yau, 2007).

y =B+ BX+BX + X +u (5

In Equation 5, y is the output variable, x; (i=1,2..n) are
the input variables, parameter is the regression coefficient,
coefficients of x which are S, (i=1,2.n) are partial
regression coefficients, and u is the random error term.
Multiple linear regression analysis makes use of least
squares method. This method minimizes the sum of the
differences between real and predicted y values.

Comparing artificial neural networks and the multiple
regression model, the criteria are: determination
coefficient (R?), mean squared error (MSE), root mean
squared error (RMSE), mean absolute error (MAE).
According to these criteria, the better fitted model with
higher R and lower MSE, RMSE ve MAE values is
chosen. The equations of subject and terms used in these
equations are given below.

R ~1-(1- Rz)n—_i 6
n_
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In the equation y; is the target (actual) output
value, §Ii is the output value produced by the network

(predicted), n is the number of data and k is the numbers
of variables used in the model.

4. COMPARISON OF THE MODELS AND
RESULTS

In this section, the models used to predict the factory’s
headlight frame discard rates and the results are discussed.

4.1. Multilayer Perceptron Model and Results

The data that is used in the study consists of 205 items
that is collected on January 2015. Matlab R2010b program
has been used in order to construct and solve the model.
The data is divided such that 80% is the training data and
20% is the test data. 25% of the training data is separated
as the verification data, thus, The whole dataset is divided
randomly into three parts so that 60% of data is for training
(123 items), 20% verification (41 items), and the
remaining 20% is for the test (41 items).

The multilayer perceptron model constructed for
training had an input layer consisting of 7 neurons
(injection pressure, mold temperature, injection speed,
clamping pressure, counter-pressure, clamping time and
screw design unit temperature), and a single neuron at the
output layer represented the discard rate for plastic
headlight frame production. The hidden layer architecture
was determined by trial and error and there was only one
hidden layer in the model used in this study. In order to
determine the number of neurons in the hidden unit, cases
from 1 neuron to 50 neurons were tried so that each model
was tested 10 times to determine the best model for our
study. The hyperbolic tangent sigmoid (tansig) transfer
function was used between the input and hidden layers in
the model. A linear (pureline) transfer function was used
between the hidden and output layers. While searching for
the most suitable model, a Levenberg-Marquardt (LM)
back-propagation algorithm was used for training. The
maximum number of iterations (epoch) during training in
the program was 1000. The performance criteria were
MSE, RMSE and MAE. The program sets the learning rate

as 0.001 in the beginning and changes it automatically by
increasing or decreasing as the performance degrades.

After a model suitable for the parameters was
constructed and trained, the most suitable variant was
determined by testing the results. The lowest MSE, RMSE
and MAE values and the highest R? value was obtained
with the model having 8 hidden neurons. Therefore, a 7-8-
1 network model is the most suitable having 7.30 MSE,
2.70 RMSE, 2.12 MAE and 0.75 R? values. The high
determination coefficient, R?, demonstrates that the
prediction is correct.

The change of the error values for training, verification
and test sets for each iteration is given in Figure 4. Best
performance was obtained on iteration (epoch) 11.

Iterasyon Sayis1

Figure 4. MSE of training, verification and test sets
4.2. Radial Basis Function Network Model and Results

As in the multilayer perceptron model, the dataset for
the radial basis function network model was divided into
60% training data, 20% verification data, and 20% test
data. The RBF network model had 7 neurons in its input
layer and a single neuron in its output layer. Spread and
center-value parameters that needed to be determined for
this network structure were found by trial and error. The
spread parameter was determined as 8. The values for
these parameters are 1, 10, 100, 1000, 10,000, 100,000,
1,000,000, 10,000,000. Trials were made for the number
of neurons from 50 to 250 by increasing by 50. Therefore,
in this study the neuron numbers were taken as 50, 100,
150, 200 and 250. The transfer function between the input
layer and the hidden layer is a radial based Gaussian
function. The transfer function between the hidden layer
and the output layer is a linear (pureline) function. The
performance criteria is MSE, RMSE and MAE values as
in the MLP model.

After the model suitable for the parameters was
constructed and trained, the most suitable variant is
determined by testing the results. Using the Matlab
R2010b program the results determined a 50-1 network

Alphanumeric Journal

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

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



70 Vesile Sinem ARIKAN KARGI / Alphanumeric Journal, 3(2) (2015) 065-072

structure model as the most suitable. The factors affecting
the choice of this model were the least values of MSE,
7.38, RMSE, 2.72, MAE, 2.12, and highest value of R?
which is 0.73.

The change of the error values of training, verification
and test sets after training is given in Figure 5. As seen in
Figure 5, training of the network reached an optimum
value at iteration (epoch) 164.

) Eftim |
Dojrolama
13” i
Tet

10 I r L 1 L 1 1 L
0 20 40 ED 80 1o 120 140 160

Iterasven Sayim

Figure 5. MSE of training set
4.3. Multiple Linear Regression Model and Results

After determining that the distribution of the data
obtained from the company is normal, and there are no
multicollinearity problems among the independent
variables, a multiple linear regression model was applied
to the abovementioned discard rate problem. More than
half (61%) of the company’s discard rate is explained
through independent variables such that injection
pressure, mold temperature, injection rate, clamping
pressure, counter-pressure, clamping time and screw-
barrel unit temperature. F table values obtained from the
variance analysis table demonstrated that the model is
meaningful as a whole. Then, coefficients of independent
values were found by predictions about the model and a t
test was conducted to determine whether each variable
affected the discard rate on its own. A significance level
of 0.05 was used and 3 of 7 independent variables were
found as significant in the analysis. Therefore, the multiple
linear regression model for the firm included in the study
was determined to be equation 10.

Y =16,082—0,110x, +0,034x, —0,645x, (10)

This concluded that injection pressure (X1), injection
speed (X3) and counter-pressure (Xs) variables affect the
discard rate with 1 bar of increase in injection pressure
resulting in a 0.11 decrease in the discard rate, and a 1
second increase in injection speed resulting in a 0.034
decrease in the discard rate. An increase of 1 bar in

counter-pressure results in a decrease of 0.645 in the
discard rate.

Comparing the prediction performances of the MLP,
RBF and MLR models, this study demonstrates that MLP
is the best model for the company as it achieves the highest
coefficient of determination (R? and lowest error
performance criteria as seen in Table 1. Therefore, the
company will be 75% successful in predicting the discard
rates of the headlight frame piece if the MLP model is used
before the project.

Table 1. Comparison of MLP, RBF and MLR Models

Model R? MSE RMSE MAE
MLP 0,75 7,30 2,70 2,12
RBF 0,73 7,38 2,72 2,12
MLR 0,61 8,21 2,86 1,91

5. CONCLUSION

This study demonstrates that when managers use
artificial neural network models, it is possible to produce
a minimum quantity of defective items by determining the
properties of the product before producing orders
requested by the customer. Moreover, by taking measures
based on information obtained from the model, the
company can channel its resources better by making the
right decisions and providing the supply of raw materials
needed for production in advance. This also enables the
company to deliver customer orders on time, with fast,
high-quality production by reducing scrap costs resulting
from production and supply delays.

This study developed three models that help determine
what percentage of items are going to be discarded on
average by changing some of the input variables of the
headlight frame parts to be produced. Comparing three
models, this study concluded that the MLP model is the
best for predicting headlight frame part discard rates. As
such, this study is expected to contribute to the company’s
production quality and efficiency, a reduction of “safety
stock” needed to be held in reserve, and an increase in the
company’s revenue.
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Abstract

This study examines robust regression methods which are used for the solution of problems caused by the situations in which the
assumptions of LSM technique, which is commonly used for the prediction of linear regression models, cannot be used. Robust estimators
are not influenced by small deviations and discrepancies. For this purpose, some robust regression techniques which are used in situations
in which the assumptions cannot be made were introduced and parameter estimation algorithms of these techniques were analyzed.
Regression models of the methods of Lad, Weighted —M regression, Theil regression and Least Median Squares, coefficients of
determination and average absolute deviations were calculated and the results were discussed as to which of these methods gave better
results.

Keywords: Robust Regression Methods, Least Square Errors Methods, Average Absolute Deviations, Coefficient of Determination

Jel Code: C40

BAZI ROBUST TAHMIN YONTEMLERI VE UYGULAMALARI

Ozet

Bu calismada dogrusal regresyon modellerinin tahmininde yaygin olarak kullanilan EKK tekniginin varsayimlarinin saglanmamasindan
kaynaklanan problemlerin ¢dziimii igin kullanilan Robust regresyon yontemleri incelenmistir. Robust tahmin ediciler kii¢iik sapmalardan,
aykiriliklardan etkilenmezler. Bu amagla, ¢alismada varsayimlarin saglanmadigi durumlarda kullanilan bazi robust regresyon teknikleri
tanitilmistir ve bu tekniklere ait parametre tahmin algoritmalar1 incelenmistir. Uygulamada Lad, Agirlikli —M regresyon, Theil regresyon
ve En kiigiik Medyan Kareler yontemlerine ait regresyon modeli, belirleme katsayilar1 ve ortalama mutlak sapmalar hesaplanmis olup, bu
tahmin edicilerden hangisinin daha iyi sonug verdigi tartisilmigtir.

Anahtar Kelimeler : Robust Regresyon Methodlari, En Kiiciik Kareler Methodu, Ortalama Mutlak Sapma, Belirleme Katsayisi
Jel Kodu : C40

estimation techniques. However, when a data set has an

1. INTRODUCTION outlier, using LSM method by excluding these outliers
from the data or including them as they are may give

Nowadays, with statistical analysis becoming more and wrong results. In that case, using regression methods
more important, LSM method still continues to be one of which will decrease the effect of outliers will yield more
the most used methods among regression parameters reliable results. Studies on robust estimators started when
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the Least Absolute Deviation (LAD, L1) regression
technique was put forward by Roger Joseph Boscovich in
1757. However, it was not used much since it was too long
and complicated to calculate (Birkes D. and Dodge,Y.
1993). Later, with the developments in computer
programming, studies on robust regression started again.
Tukey in 1960 and Huber in 1964 studied regression and
Huber who studied theoretically between the years 1972
and 1973 was followed by Hampel with his studies
between 1973 and 1978 (Neter, J., Kutner, M.H.,
Nachtsheim, 1993). In a simple linear model, Theil (1950)
proposed the median of pairwise slopes as an estimator of
the slope parameter. Later, Sen (1968) extended this
estimator to handle ties. The Theil-Sen estimator (TSE) is
robust with a high breakdown point 29.3%, has a bounded
influence function, and possesses a high asymptotic
efficiency. Thus it is very competitive to other slope
estimators (e.g., the least squares estimators), see (Sen,
1968, Dietz,1989and Wilcox,1998). The TSE has been
acknowledged in several popular textbooks on
nonparametric and robust statistics, e.g., (Sprent,1993),
(Rousseeuw and Leroy 1986).

2. PARAMETER ESTIMATION

2.1. Estimation of regression parameters with the help of
Least Absolute Deviations Method (Lad, L1)

LSM method is calculated in a way that £, and
[, estimators minimize the total of error squares (Genceli,
2001). Least Absolute Deviations Method is a method that
minimizes the total of absolute errors and it is stated as
follows:

min )" [y, = (Bo + o)

i=1

There is no mathematical expression to calculate
estimators with Least Absolute Deviations Method. Thus,
an algorithm has been developed to calculate L1
estimators. The basis of the algorithm aims to find the best
line among all the lines that pass from a given (x,, v, line.

The following steps are followed in finding out the
regression line for L2 technique (Yorulmaz, 2003):

1. Generally, the first of observation pairs is chosen.

2. By using the observation pair chosen, slope
values for each observation pair and the
corresponding x; — x, values are obtained.

3. The absolute values of x; — x, values which
correspond to slope values ordered from the
smallest to the biggest are found.

4. The cumulative sum of the x; — x, values found
is calculated.

5. Half of the cumulative sum found in the previous
step equals the critical value.

6. To find the slope value which equals the critical
value, the observation value in the third step is
referred to. The first observation value higher
than the critical value is the point looked for. The
slope value of the corresponding value is
checked. This value is the value found in the third
step.

7. The original order of the point which gives this
slope value is calculated. This point is the new
starting point for the next step.

8.  When two consequent same values are found as
a result of such iterations, the process is stopped.

2.2. Estimation of Regression Parameters through
Weighted M-Regression Technique.

In Huber M- Regression Technique, p(z), which is the
function of error terms, is minimized. Thus, when the p(z)
function is defined for error terms in the technique
proposed by Huber (1973), the following is found;
e,-k<e<k

ple) = {Zklel —k2e<—kVk<e
(Jabr, 2005). Here, k = 1,5 * MSM and calculated as

Med{|e; —med ()|} .
0,6745 e
Here Med (.) shows the median value.

MSM =

1,2,..,n

In Huber’s M- Regression Technique, parameter
estimations can also be calculated by using Huber weight
function. The expression Y™, &2 — is minimized by
LSM. When w; weights are also taken into consideration,
the minimum function will be as min i~ w; (y; — By —
B1x:)%. Some important weights are given as summarized
in Table 1.
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Table 1. Some weight functions for the estimation of simple liner regression model.

Name of the method

Weight function

Huber M- Weighted Regression

Hampel Weighted Regression

Andrews Weighted Regression

Tukey Weighted Regression

1, Ir] <1,5
= 1,5
Wi = Irl > 15
7]
1, 0< |rl=17
(
1,7
!7 sgn(), 17 < Irl < 34
¥ 85— |r|] sgn(r), 34<r<8,5
8,5 < |r|
sin(%)
w; = . ) |T| < 1,571'
r
0, |r]>1,57
r
—_[(_N2
w _{ a-@Ep,  m=1s
0, |r] > 1,5

Ther value in the functions given in Table 1 is calculated
asr = sgn() in the Hampel weighted

method is the sign function and it is expressed as
-1,x<0
0,x=0
1,x>0
Regression shows the sine value.

sgn(x) = sin(.) in Andrews Weighted

The following steps are followed in finding out the
regression line for Weighted M-Regression techniques:

1. p, and pB, estimation values are found through
LSM method.

2. Next, MSM and ¢; values are found by using
these estimation values.

3. Weight values are calculated.

4. Poo and By, estimation values are found through
weighted LSM method.

5. The process is finished if the difference between
estimations is < 0,001(Ergiil, B., 2006).

2.3. Estimation of Regression Parameters through Theil-
Sen Method.

Theil-Sen method is also expressed as Theill-Kendall or
Theil method in literature. Brown-Mood method which is
recommended for finding the slope is a fast, but not very
reliable method. Thus, Theil method, which is especially
recommended to find the slope coefficient, is more useful.
In this method, the linear regression model is expressed as
follows:

Y =Bo+ B Xi + & 1)

Here, B, is the cut parameter, while B, is the slope
parameter and these parameters are estimated. There are
some assumptions to estimate these parameters of the
simple linear regression. These assumptions are:

1. For each X; value, a lower mass of Y’s and &i’s
are mutually independent.

2. X; ’s are non-repetitive and they are in X; <
X, < < X, line.

3. The data set consists of n observation pairs as

X, Y1), ..., Xn, Y.
In line with these assumptions, all the possible Sij =
((X’ ‘)) slopes (fori <j) are calculated to reach f;

estimation. N = (721) Sij slopes are obtained. f;
estimation is calculated as the median of Sij values. That

is, if B, = Median(Sij) and a constant term, f, =
Median(Y) — p;Median(X)  (Kiroglu, 2001). In
addition, there are other methods to calculate f,

estimation. (Wilcox, 2013), (Granato, 2006) and (Erilli
and Alakus, 2014) can be seen for these methods.

2.4. Estimation of Regression Parameters through Least
Median of Squares Method.

Least Median of Squares regression is a robust method
used to find out outliers. It was put forward by Rousseeuw
and developed by Rousseeuw and Leroy. The method has
the idea of minimizing median of error squares instead of
sum of error squares. The function to be minimized is
given as follows:

minmedian(g;?)
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(Rousseeuw and Leroy, 1987).

This estimator is robust for outliers in the direction of both
x and y. Breakdown point is 0.5 and it has the highest
possible breakdown point (Rousseeuw and Leroy, 1987).

The following steps are followed in finding out the
regression line for Least Median of Squares method:

1. B, and B, estimation values are calculated for all
point pairs.

2. For each calculated 8, and 8, value, error terms
with n number of observation pairs are found and
the median is found by squaring these error
terms.

3. B, and B, estimation values which correspond to
the least median of squares value within the
calculated median of squares are taken.

4. Weighted LSM technique is applied by using the
weighted values in the fifth step. For the method,
the weights are obtained with the following

expression:
L2 <25

5. w; = ;
0, > 25

So

5
and s, = 1,4826 * [1 + E] * Jmed(g;?)
and the coefficient of determination is found as; R? = 1 —
(medlsil )
mad(y;)/’
Here, mad(y;) = med{|y; — medy;|} (Rousseeuw and
Leroy, 1987).

3. REAL DATA EXAMPLE

In this practice, rainfall between the years 1970 and
1975 and annual sugar production yields are discussed.
The response variable (Y) was taken as yield, while the
independent variable was taken as rainfall (X) ( Clarke and
Cooke, 1992). Assumptions should be proved to be able to
apply the LSM method. We can check the Q-Q graph of
error terms in order to be able to check visually whether
normal distribution assumption is proved.

Normal Q-Q Plot of Standardized Residual

Expected Normal

Observed Value

Figure.1 Q-Q graph of the error terms found in the practice

When Figure 1 is analyzed, it can obviously be seen that
although Q-Q graph is one of the test methods for
goodness of fit, results can be misleading in such small
size samples. In samples of such sizes, both visual and
other goodness of fit test can give misleading results. For
example, although the data seems to have normal
distribution, using robust methods rather than LSM
method will give more reliable results.

Parameter estimation results for the simple linear
regression model L1 technique given with Model (1) are
as summarized in Table 2.
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Table 2. Analysis results for L1 technique

Results of the first iteration
Vi X; m Ordered m X; — Xg [2¢; — xo] cluster [x; — x,
63 20 * * * * *
77 26 2,333333 -4,5 6 4 4
61 17 0,666667 0,166667 -3 6 10
73 22 5 0,666667 2 3 13
45 24 -4,5 2,333333 4 6 19
62 14 0,166667 5 -6 2 21
(x0,¥o) = (20,63) Criticalvalue = 21/2 = 10.5
Results of the first iteration
63 20 0,166667 -1,7 6 10 10
77 26 1,25 -0,33333 12 3 13
61 17 -0,33333 0,166667 3 6 19
73 22 1,375 1,25 8 12 31
45 24 -1,7 1,375 10 8 39
62 14 * * * * *
(%0, ¥0) = (14,62) Criticalvalue =39/2 = 19.5

For the Lad Technique, iterations were continued until the

same slope value was found. Finally, as a result of the 3rd

and 4th iteration, the slopes were found as equal and the

process stopped after 4 iteration. 3, = % = 1,25 and
k—Xx

Bo =yo — Bixo = 44,5 > ¥; = 44,5+ 1,25X; . In the

light of

these results, coefficient of determination is found as
N2
z = Z(?i_lf)z = 4188125 _ 1671712 . In other words,
Z(Yi—Y) 623,5
according to Lad technique, rainfall accounts for 67,1% of
the variance of yield.

Table 3. Huber —M weighted regression results.

Results of the first iteration
Vi Xi P yi— i & —medg; le; — mede;| i 7 Wi
63 | 20 | 63,28643 -0,28643 -0,781407035 0,78141 -0,03917 0,03917 1
77 | 26 | 65,84925 11,15075 10,65577889 10,65578 1,524927 1,524927 0,983654
61 | 17 | 62,00503 -1,00503 -15 15 -0,13744 0,13744 1
73 | 22 | 64,1407 8,859296 8,364321608 8,364322 1,211557 1,211557 1
45 | 24 | 64,99497 -19,995 -20,48994975 20,4899 -2,73442 2,73442 0,548562
62 | 14 | 60,72362 1,276382 0,781407035 0,781407 0,174552 0,174552 1
mede; = 0.494975 med|s; — medeg;| = 4.932161 MSM =7.31232172

Results of the final iteration
63 | 20 | 65,6038779 -2,603877 -2,8827692 2,88276923 -0,4362377 0,43623777 1
7 26 71,4475702 5,5524297 5,27353845 5,27353845 0,93022011 0,93022011 1
61 | 17 | 62,6820317 -1,682031 -1,9609230 1,96092307 -0,2817973 0,28179730 1
73 | 22 | 67,5517753 5,4482246 5,16933332 5,16933332 0,91276222 0,91276222 1
45 24 69,4996727 -24,49967 -24,778564 24,7785646 -4,1045252 4,10452528 0,36545
62 | 14 | 59,7601856 2,2398144 1,960923078 1,96092308 0,37524480 0,375244803 1

mede; = 0.27889133 med|e; — meds;| = 4.026051282 MSM = 5.968941855
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The weight values in Table 3 were found by using the First iteration Final Iteration
Hu_ber-[\/l weighted technique in Table 1. Latgr, the best Variable B 1St | tomewratiol B | St | Comrontatio
estimation value was found as a result of technique results Erro Erro
and first and final iteration analysis results were r r
summarized as in Table 4. Coefficien | 0.126 0226
Table 4. Huber —M weighted regression results. tof .
First iteration Final Iteration fjetermlnat
) ion, R?
Variable Bi Std. tcalculatioa Bi Std. tculculutioa
Erro Erro
' ' Thus, the regression equation estimated as a result of the
Constant | 49.1 | 21.2 | 2.307 46.1 | 184 | 2.498 ninth iteration according to Huber —M weight regression
i 24 |61 technique was calculated as ¥, = 46.124 + 0.973X; and
Rainfall 0.78 | 1.03 | 0.756 097 | 090 | 1.081 the amount of rainfall explains 22.6% of the yield
5 3 3 0 according to Huber —M weight regression method.
Correlatio | 0.355 0.476
nr
Table 5. Hampel —M weight regression results.
First iteration results
Vi Xi P &=y — 9 & —medg; le; — medg;] Ti 7l w;
63 | 20 | 63,28643 -0,28643216 -0,78140703 0,78141 -0,0391711 0,03917 1
77 | 26 | 6584925 11,15075377 10,65577889 10,65578 1,52492658 1,524927 1
61 | 17 | 62,00503 -1,00502512 -1,5 15 -0,1374426 0,13744 1
73 | 22 | 64,1407 8,859296485 8,364321608 8,364322 1,21155726 1,211557 1
45 | 24 | 64,99497 -19,9949749 -20,4899497 20,4899 -2,7344222 2,73442 0,621703553
62 | 14 | 60,72362 1,276381912 0,781407035 0,781407 0,17455220 0,174552 1
mede; = 0.4949748877 med|g; — medsg;| = 4.93216 MSM =7.31232172
Final Iteration results
63 | 20 | 6567102 -2,671019 -2,9540595 2,9540595 -0,4492539 0,449253 1
77 | 26 | 71,60977 5,390235 5,1071945 5,1071945 0,90661447 0,906614 1
61 | 17 | 62,70165 -1,701646 -1,9846865 1,9846865 -0,2862095 0,286209 1
73 | 22 | 67,6506 5,349399 5,0663585 5,0663585 0,89974603 0,899746 1
45 | 24 | 69,63018 -24,630183 -24,9132235 24,9132235 -4,1426914 4,142691 0,350602071
62 | 14 | 59,73227 2,267727 1,9846865 1,9846865 0,38142198 0,381421 1
mede; = 0,2830405 med|g; — mede;| = 4,010209 MSM = 5,945454411

The weight values in Table 5 were calculated by using the
weight function of Hampel —M weight regression
technique in Table 1 and the results of the information
obtained as a result of 16 iterations were summarized in

Table 6.

Table 6. Hampel-M weight regression results.

First Iteration Final Iteration
Variable Bi Std. tcalculatioa Bi Std. tcalculatioa
Erro Erro
r r
Fixed 50.0 | 221 2.255 458 | 18.1 2.522
34 85 76 91

First lteration Final lteration

Variable ﬁi Std. tcalculacio Bi Std. tcalculatia

Erro Erro

r r
Amountof | 0.72 | 1.07 | 0.676 0.98 | 0.88 | 1.115
rainfall 6 3 9 7
Correlatio 0.320 0.487
nr
Coefficien | 0.103 0.237
t of
determinat
ion, R?
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Thus, the regression equation estimated as a result of the
16 iterations for Hampel —M weight regression technique

is Y; = 45,875 + 0.989X;

and according to this

technique, the amount of rainfall as a result of the final
iteration explains 23,7% of the variance of yield.

Table 7. Andrews weighted regression results.

First Iteration results
Yi | % Vi &=y~ & — mede; |e; — meds;| T |7 sin (%) w;
63 | 20 | 63,28643 -0,2864321 -0,781407 0,78141 -0,039171 0,03917 0,018651 0,47616
77 | 26 | 65,84925 11,150753 10,655778 10,65578 1,5249265 1,524927 0,664 0,43543
61 | 17 | 62,00503 -1,0050251 -1,5 15 -0,137442 0,13744 0,0654009 0,47585
73 | 22 | 64,1407 8,8592964 8,3643216 8,364322 1,2115572 1,211557 0,545455 0,450209
45 | 24 | 64,99497 -19,994974 -20,48995 20,4899 -2,734422 2,73442 0,964119 0,352586
62 | 14 | 60,72362 1,2763819 0,7814070 0,781407 0,1745522 0,174552 0,083024 0,47564
mede; = 0,4949748 med|g; — meds;| = 4,932161 MSM = 7,312321
Final Iteration results
63 | 20 | 64,5258 -1,525882 -1,720983 1,720983 -0,240231 0,240231 0,1141467 0,4751525
77 | 26 | 68,8205 8,179474 7,984373 7,984373 1,2877600 1,287760 0,5755030 0,4469023
61 | 17 | 62,3785 -1,37856 -1,573661 1,573661 -0,217037 0,217037 0,1031674 0,4753431
73 | 22 | 65,9574 7,04257 6,847469 6,847469 1,1087681 1,108768 0,5037936 0,4543723
45 | 24 | 67,3889 -22,38897 -22,584079 22,58407 -3,524876 3,524876 0,9942042 0,2820536
62 | 14 | 60,2312 1,768762 1,573661 1,573661 0,2784703 0,278470 0,1322166 0,4747961
mede; = 0,195101 med|e; — meds;| = 4,284226 MSM = 6,351706
First Iteration Final Iteration
The results of the information obtained as a result of 12 Variable B 1S | tomeutarl B | SO | tontontario
iterations were summarized in Table 8. Erro Erro
Table 8. Andrews weighted regression results. r r
First Iteration Final Iteration Coefficien | 0.059 0.102
Variable Bi Std. tealculatiof Bi Std. Lealculatiof tof )
Erro Erro determinat
r r ion, R?
Fixed 525 | 23.4 | 2.237 50.2 | 21.8 | 2.297
53 87 10 63 . . .
The regression equation estimated as a result of the 12
gm(f’:lrl‘t of 3'56 %‘13 0.499 2'71 ;'06 0673 iterations  for Andrews weighted regression is ¥; =
i 50,210 + 0.715X;and according to this technique, the
Correlatio | 0.242 0.319 amount of rainfall explains 10,2% of the variance of yield.
nr
Table 9. Tukey weighted regression results.
First Iteration results
Vi x; Vi -
T
&=y~ & —mede; |e; — mede| T 7 1- (?1)2 Wi
63 20 63,2864 -0,286432 -0,78140703 0,781407 -0,039171 0,039171 0,9999386 0,9998772
77 26 65,8492 11,15075 10,65577889 10,65577 1,5249266 1,524926 0,9069839 0,8226198
61 17 62,0050 -1,005025 -15 15 -0,137442 0,137442 0,9992443 0,9984893
73 22 64,1407 8,859296 8,364321608 8,364321 1,2115573 1,211557 0,9412851 0,8860177
45 24 64,9949 -19,99497 -20,4899497 20,48994 -2,734422 2,734422 0,7009173 0,4912851
62 14 60,7236 1,276381 0,781407035 0,781407 0,1745522 0,174552 0,9987812 0,9975640
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mede; = 0,494974

med|g; — mede;| = 4,932160

MSM =7,312321

Final Iteration results

63 20 67,5179 -4,517926 -3,868626 3,868626 -0,877385 0,877385 0,9692077 0,9393637

7 26 76,0434 0,956578 1,605878 1,605878 0,1857683 0,185768 0,9986196 0,9972411

61 17 63,2551 -2,255178 -1,605878 1,605878 -0,437957 0,437957 0,9923277 0,9847143

73 22 70,3597 2,640242 3,289542 3,289542 0,5127375 0,512737 0,9894840 0,9790786

45 24 73,2015 -28,20159 -27,55229 27,55229 -5,476776 5,476776 -0,1998031 0

62 14 58,9924 3,00757 3,65687 3,65687 0,5840730 0,584073 0,9863543 0,9728948
mede; = —0,6493 med|g; — medg;| = 3,473206 MSM = 5,149304

Table 10. Tukey weighted regression results

First Iteration Final Iteration The weight values in Table 9 were calculated by using the
. weight function Tukey weighted regression technique in
Vanable Bi Std tcalculatim Bi Std tcalculatim g y g H g q
Error Err Table 1 and the results obtained as a result of the 7
or iterations were summarized in Table 10. Thus, the
regression model estimated as a result of the 7 iterations
Fixed 498 | 20.6 | 2.416 39.0 | 816 | 4.789 g . . .
02 09 99 3 for Tukey weighted regression method is ¥; = 39.099 +
Ao o7 1ot 1073 T Toa0 [ 35m 1,420X; and according to this technique, the amount of
ainall " 3 ' 0 3 ' rainfall explains 80,6% of the variance of yield.
Correlatio 0.345 0.898
nr
Coefficient | 0.119 0.806
of
determinat
ion, R?
Table 11. LMS regression results
v x; 3 Bo First 8, and £, Results 15th B, and B, Results
P & &t P & &f
63 20 2,333 16,333 63 0 0 51,8 | 11,2 125,44
77 26 0,667 49,667 77 0 0 416 | 354 1253,16
61 17 5 37 56 5 25 56,9 | 4,1 16,81
73 22 45 153 67,667 5,333 28,44444 484 | 24,6 605,16
45 24 0,167 59,667 72,333 27,333 747,1111 45 0 0
62 14 1,778 30,778 49 13 169 62 0 0
1 51 mede? | 26,72222 meds? | 71,125
16 -339
1,25 445
2,4 20,2
-2,286 99,857
-0,333 66,6667
-14 381
1,375 42,75
1,7 85,8
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Table 12. Median results of error squares in LMS regression analysis.

By using the slope information of the line, it was

fo and f, Values A fo mede? calculated through f; ==, i =0 < jand f, = y, —
jTXi
L 2,333333 16,33333 26,722222 Bix, for all possible situations. mede;? value was
2. 0,666667 | 49,66667 | 42,055556 calculated for all possible data pairs. In the next step, £,
3. 5 -37 2125 and [, estimation coefficients with minmede;? value
4. -4,5 153 300,625 were calculated. In the light of this information, ((S) =
5 0.166667 | 5966667 | 47,847222 15) B, and S, were calculated for all possible situations
6. 1,777778 30,77778 10,395062 in Table 11. Later, the median of the error squares of these
7. 1 51 29 regression parameters were found as in Table 12 and
3 m 339 162 estimation values which had minmede;® value were
expressed as regression coefficients for LMS.
9. 1,25 44,5 11,78125 o )
10. 22 202 292 ,;\s a result, the regression Ime_ (_)f LMS was optamed as
L 228571 99.85714 56.377551 : = 30,778 + 1,778x;. Coefficient cz)f determinacy \;vas
d|e; 3,2222
12. -0,33333 | 66,66667 | 97,888889 calculated as R?=1- (L's") =1- ( ) =
mad(y;) 6
13. -14 381 2522 0,711 and according to this method, the amount of rainfall
14. 1,375 42,75 14,257813 explains 71,1% of the wvariance of vyield.
15. 1,7 85,8 71,125
Table 13. Weighted LSM technique for LMS method.
Vi Xi P & 12 ? ? w;
63 20 66,33338 -3,33338 11,11142 -0,30993087 0,309930879 1
77 26 77,00006 -6E-05 3,6E-09 -5,57868E-0 5,57868E-0 1
61 17 61,00004 -4E-05 1,6E-09 -3,71912E-0 3,71912E-0 1
73 22 69,88894 3,11106 9,678694 0,289260018 0,289260018 1
45 24 73,4445 -28,4445 809,0896 -2,64471163 2,64471163 0
62 14 55,6667 6,3333 40,11069 0,588857326 0,588857326 1
mede;? 10,39506
Jmede;? 3,224137
1+— 2,25
n-p
So 10,75524
it was calculated as 1. It is calculated as f, =

Table 14. Weighted LSM technique for LMS method.

Variable B; Std. Error teatcutation
Fixed 39.134 8.258 4.739
Amount of rainfall 1.417 0.408 3.473
Correlation, r 0.895

Coefficient of 0.801

determination, R?

Regression coefficients in weighted LSM technique for
LMS method were calculated by using regression
coefficients obtained by LMS technique and according to
this method, the amount of rainfall explains 80,1% of the
variance of yield.

When Table 11 is examined for Theil method, the median
of all possible slopes were taken to reach £, estimation and

Median(Y) — p;Median(X) = 62.5 — 1% 21 = 41.5
4. CONCLUSION AND RECOMMENDATIONS

In this study, regression line, standard error, coefficients
of determination and average absolute deviations were
calculated and interpreted for regression models and
parameter estimations of techniques used on real life data
by using simple linear robust regression techniques.
According to the results, the method which gave the best
result in terms of the percentage of independent variable
explaining the dependent variable was Tukey-weighted
regression method. Although weighted least median of
squares method was close to Tukey-weighted regression
method, its R? was found to be a bit lower. The percentage
of explanations obtained by non-weighted least median of
squares method was calculated as R? = 0,712. However,
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when the methods analyzed were taken into consideration,
it was seen that Tukey, least median of squares and Lad
methods gave significantly better results than the other
regression models analyzed. In the light of this
information, it is seen that Tukey, least median of squares
and Lad methods gave more reliable results than LSM
method. In addition, when average absolute deviation

S I-7l . . .
values (OMS = HTH) were taken into consideration

for the methods, it can be said that the techniques which
have high coefficients of determination have lower
average absolute deviations.

The summary of the information about the methods used
are as follows:

Table 15. Summary Information

Method Estimation Equation Average
Absolute
Deviation

LSE ¥, = 54.744 + 0.427X; | 7.095

LAD & L1 ¥, = 44.500 + 1.250X; | 6.958

Huber M Weighted Reg. ¥, = 54.124 + 0.974X, | 7.004

Hampel-M Weighted ¥, = 45.875 + 0.989X; | 7.001

Reg.
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Method Estimation Equation Average
Absolute
Deviation

Andrews Weighted Reg. | ¥i = 50.210 + 0.716X; | ;047
Tukey Weighted Reg. =39.099 + 1.420%; | 6.929

>

>

LMS .= 30,777 + 1,778X, | 6870
Weighted LMS 7, = 39,134+ 1417x, | 6930
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Abstract

In the present day, importance of risk assessments are increasing due to rising awareness of occupational health and safety and excessing
legal enforcements. Legal regulations in last years, force all the companies to complete their risk assessments according to their danger
class in certain time periods. Technological changes in companies and new legislations are also forcing companies to do their risk
assessments before its due time. This ensures risk analyses to be done in more frequent periods and increases importance of being applicable
and suitable for the company’s structure of chosen risk assessment method. In this study, a new approach has been studied for Fine-Kinney
method which is one of the mix risk assessment methods and which is used frequently in construction and cement industries. In this new
approach, alternative scales have been created for probability and frequency scales which are used in conventional method. More probable
and more frequent risk scores have been augmented to increase their sensitiveness and degree of importance. The new approach has been
applied to a mid-scale company and positive or negative effects of scales, which are created with different interpolation results, have been
examined. It has been observed that risk scores, which are obtained with the new approach, are more sensitive than conventional Fine-
Kinney Methods’ risk scores. By this way, action plan of jobs has been changed and risks which are more important have been taken into
consideration of company.

Keywords: Fine-Kinney Method, Risk Analysis, Risk Assessment Methods

Jel Code: G32, C02, Z00

FINE KINNEY METODUNDA YENI BiR YAKLASIM VE BIR
UYGULAMA CALISMASI

Ozet

Giintimiizde is saglig1 ve giivenligi bilincinin artmasi ve yasal yaptirimlarin ciddi boyutlara ulagmasi risk degerlendirmelerine verilen 6nemi
daha da arttirmaktadir. Son yillarda yapilan yasal diizenlemeler tiim kurumlarin risk degerlendirmelerini tehlike siniflarina gore belirli
zaman periyodlarinda yapmalarini zorunlu kilmaktadir. Bir baska yasal diizenlemede de isletmelerdeki teknolojik degisimler ve yeni
mevzuatlarin yayimlanmasi gibi sebeplerle yapilmig olan risk analizinin zaman periyodunun tamamlanmasini beklemeden yenilenmesi
zorunlu hale getirilmistir. Bu da risk analizlerinin ¢ok daha sik periyodlarda yapilmasini ve dolayisiyla segilecek risk degerlendirme
yonteminin isletmenin yapisina uygun ve kolay uygulanabilir olmasimnin 6nemini artirmaktadir. Bu ¢alismada karma risk degerlendirme
metotlar1 arasinda yer alan, ingaat ve ¢imento sanayide siklikla kullanilan Fine-Kinney metoduna yeni bir yaklasim gelistirilmistir Bu
yaklagimda klasik metottaki ihtimal ve frekans skalalarina alternatif skalalar olusturulmustur. Daha yiiksek ihtimale ve daha sik frekansa
sahip tehlikelerin skaladaki puanlari yiikseltilerek hassasiyet ve dnem dereceleri daha da arttirilmistir. Gelistirilen yaklagim orta 6lgekli bir
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isletmede uygulanmis ve farkli interpolasyon metotlariyla olusturulmus skalalarin yaratmig oldugu olumlu ve olumsuz etkiler incelenmistir.
Gelistirilen yaklasim ile elde edilen risk puanlarinin, klasik Fine-Kinney metodunun risk puanlarina gére daha hassas olarak 6l¢iim yaptig:
gozlemlenmistir. Boylece aksiyon plani alinacak islerin oncelik siralamasi degiserek, daha yiiksek dneme sahip risklerin farkindaligi

arttirilmustir.

Anahtar Kelimeler : Fine-Kinney Metodu, Risk Analizi, Risk Degerlendirme Metodlar

Jel Kodu : G32, C02, Z00

1. INTRODUCTION

Occupational accidents have become one of the leading
causes constituting majority of efficiency losses today.
Occupational accidents and diseases in businesses have
necessitated taking legal precautions. Following the legal
interventions that have gone into effect in the recent years,
risk assessment implications are required in all businesses
and awareness of all individuals working in occupational
safety and health, and risk analysis have attempted to be
raised in Turkey. Especially, the law No. 6331:
Occupational Safety and Health was gone into effect
following its appearance in the Official Gazette on June 30
in 2012. The new law includes more detailed regulations
compared to the law No. 4857: Labor Act and brings new
and many obligations for employers and specialists
(Akpmar and Cakmakkaya, 2014; Turkish Republic Law
No. 4857).

With the Law No. 6331: Occupational Safety and
Health, risk assessment applications are required in all
businesses (Korkut and Tetik, 2013; Turkish Republic
Law No. 6331). Risk assessment periods are described
according to businesses’ danger classes and on certain
occasions (technological upgrades, new regulations,
occupational accidents and diseases, near miss incidents
and etc.) a reassessment is required before the due date.
This law that went into effect in order to minimize
occupational accidents and diseases has caused the
conflict of which risk assessment method to be
implemented.

Before implementing one of the risk assessment
methods, a business is required to know the following
definitions;

Acceptable risk level: The risk level that is sufficient
according to legal obligations and prevention policy of the
business and does not cause harm to employees, the
business or work equipment (OHSRAR, 2012).

Prevention: all of the precautions that are planned and
taken in order to remove or minimize risks regarding
occupational health and safety on every phase of ongoing
work in the business (OHSRAR, 2012).

Near miss incident: The incident that happens in the
business and has the potential to cause harm to employees,
the business or work equipment but does not (OHSRAR,
2012).

Risk: The possibility of loss, injury or any other
harmful result caused by a hazard (OHSRAR, 2012).

Risk assessment: Describing the hazards that exist in
the business or might come from outside, grading and
analyzing the risks which are caused by hazards and the
factors that cause the hazards to turn into risks (OHSRAR,
2012).

Hazard: The potential that exists in the business or
might come from outside, affects, harms employees or
cause harm to business (OHSRAR, 2012).

Implementation of risk assessment methods differs
from sector to sector and certain techniques can be
employed for all sectors while other techniques are only
applicable in some sectors (Mullai, 2006). Using the right
risk assessment technique in the right place is sometimes
as important as results of assessment (Brown, 1993). The
technique to be used depends on the purpose of risk
assessment, legal requirements, the  needed
result/information, data, time availability, requirement of
team work, the volume of the work, complexity and type
(Mullai, 2006).

The purpose of risk assessment is to diagnose
preparations, procedures and checks which will be able to
respond to hazards in business, and to minimize the effects
of intentional or unintentional threats (Ozkilig, 2005). In
line with this purpose, many techniques are available in
literature; Risk Map, Initial Threat Analysis, Job Safety
Analysis, What-if Analysis, Primary Risk Assessment
using Checklist Analysis, Primary Risk Analysis, Risk
Assessment Decision Matrix Methodology (L Type
Matrix, X Type Matrix), Hazard and Operable Work
Methodology, Fault Tree Analysis Methodology, Fine-
Kinney Method, Failure Mode and Effects Analysis, Event
Tree Analysis, Reason-Result Analysis are some of the
common methods employed by businesses (Ozkilig,
2005).

Among the aforementioned methods, Fine-Kinney
Method is commonly employed by businesses and various
studies have been carried out using the method. Babug et
al. (2011) studied implementation steps and calculating
tables. They indicated the points that were neglected in
Kinney method and the possible threats that might be
encountered in the implementation of the method. Besides,
an assessment of the method was made and advantages
and limitations of the method were stated (Babut et al.,
2011). Ozgiir (2013) implemented Fine-Kinney risk
assessment on steel plant and rolling plant sections of an
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iron and steel business. Within the context of steel plant
and rolling plant sections of the studied business,
mechanical maintenance and  repair, electrical
maintenance and quality control processes were analyzed
along with main production process. In the study, 376 risks
were analyzed and assessed (Ozgiir, 2013) .

In the literature, risk assessment studies using Fine-
Kinney method is numbered. The literature review in this
study includes implications of Fine-Kinney method and
presents advantages and disadvantages of it. For this
reason, in this study Fine-Kinney method is analyzed in
detail. The method is dealt with a critical approach and
departing from the basis of this method, a new Fine-
Kinney method with an increased sensitivity level is
attempted to be introduced. The developed approach was
implemented in a medium scaled business, and positive
and negative effects created by scales out of different
interpolation methods were analyzed.

2. FINE-KINNEY METHOD

Developed by G.F. Kinney and A.D Wiruth in 1976,
Fine-Kinney method is an easy-to-use and common
method employed to mathematically assess accident
control. This method is commonly used in construction
and cement industries and in the literature it is stated that
it is also one of simple methods applicable to small and
middle scaled businesses. In this method, which frequently
uses statistical analysis of previous data, individuals to
conduct analysis are required to be familiar with related
theorems otherwise, the method cannot be used effectively
and it might cause time loss.

In Fine-Kinney risk analysis assessment method,
probability, frequency and severity parameters and scale
tables of each parameter are included. In developing these
scale tables, reference points were determined in scoring
and according to the reference points, other scores were
determined based on experience. Probability, frequency
and severity parameter scales recommended for use in
Fine-Kinney method were provided in Table 1, Table 2
and Table 3 respectively.

Table 1. Probability Scale of Fine-Kinney Method (Kinney and Wiruth,

1976)
Probability Value
*Might well be expected 10
Quite possible 6
Unusual but possible 3
*Only remotely possible 1

Conceivable but very unlikely 0.5
Practically impossible 0.2

*Virtually impossible 0.1

In their study in 1976, Kinney and Wiruth determined
‘Might Well be Expected” with a scale-of-ten and
identified it as an incident which has occurred before, has

a possibility of occurring again and will occur in future.
They exemplified it with deflagration of flammable
materials in drying oven and designated 10 to this value.
Another reference point ‘Only Remotely Possible’ is
exemplified with explosion or leakage of compressed gas
in container and appointed 1 to the situation. At the bottom
of the probability scale, “Virtually Impossible’ is
designated as 0.1. The intermediate values are designated
based on experience.

Table 2. Frequency Scale of Fine-Kinney Method
Wiruth, 1976)

(Kinney and

Frequency Value
*Continuous 10
Frequent (daily) 6
Occasional (weekly) 3
Unusual (monthly) 2
*Rare (a few per year) 1
Very rare (yearly) 0.5

In the same study, Kinney and Wiruth also prepared
a scale table for frequency values. On this table, two
reference points were determined. Reference values on
frequency table are between 1 and 10 as in Probability
Scale. Risks on frequency table are classified based on
incidence frequency by hour, daily and annually. As seen
in Table 2, if the frequency of the incident is by hour, then
it is accepted as ‘continuous’ and frequency value used on
occurrence of risk value is determined as ‘10, the lowest
value as‘1’ and medium value as ‘3°.

Table 3. Severity Scale of Fine-Kinney Method (Kinney and
Wiruth, 1976)
Severity Value

*Catastrophe (many fatalities, or >$10” damage) 10
Disaster (few fatalities, or >$10° damage) 6

Very serious (fatality, or >$10 5 damage) 3
Serious (serious injury, or >$10 * damage) 2
Important (disability, or >$10 3 damage) 1

*Noticeable (minor first aid accident, or >$ 100 damage) 0.5

On the scale table prepared for severity, which is the
third factor in risk score calculation, is formulized
considering cost at the end of risk and damage volume.
Severity scale table obtained at the end of the calculation
is provided in Table 3. Here is also seen the reference
values of severity scale. The score is determined
considering cost or death ratio caused by severity on the
scale. The risk assessment is conducted and a certain
severity score is calculated if a hazard is expected to cause
cost, and another severity score is calculated if a certain
hazard is expected to cause occupational health and safety
loss. As the severity of risk is more important on total risk
score, values of 1 to 100 are used on risk scale. In their
study, Kinney and Wiruth accepted 1 to 100 as their
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reference point and intermediate values are calculated with
the formula: Severity Value = (loss/100) 4.

Table 4. Risk Scale of Fine-Kinney Method
(Kinney and Wiruth, 1976)

Probability ~ Value

R<20 Risk; perhaps acceptable

20<R<70 Possible risk; attention indicated

70<R<200 Substantial risk; correction needed

200<R<400 High risk; immediate correction required

R>400 Very high risk; consider discontinuing operation

Depending on the determined risk, probability,
frequency and severity values are obtained from the table
and these three factors are multiplied, and the risk score is
calculated. The obtained risk scores are classified
according to Table 4 and risk avoidance activities are
planned according to risk priority order of each hazard.

In this phase of the study, two methods which will
increase the sensitivity of probability and frequency scales
developed with Fine-Kinney Method were undertaken. It
was observed that on the tables of probability and
frequency in Fine-Kinney method, the scores of hazards
which involve higher probability and frequency were not
determined sensitively enough compared to hazards with
lower probability and frequency. In other words, when the
probability table is considered, ‘Might Well be Expected’
is accepted as 10, ‘Unusual but Possible’ as 6 and ‘Quite
Possible’ as 3 based on experience. The facts that there is
no mathematical relationship  between  values,
intermediate values in the scale-of-ten are determined with
experience cause the sensitivity to be broken anywhere
risk assessment is implemented and priority order of
hazards to be changed.

3. FINE-KINNEY METHOD DEVELOPED WITH
THE NEW APPROACH

In this study, two different interpolation types were
undertaken in gravimeters of values in probability and
frequency tables. In one of the implemented
interpolations, increases were seen to follow a linear
fashion and in another a square fashion, and Fine-Kinney
method reference points were considered again and
interpolations were implemented regarding these points.
Probability and frequency values obtained from the
implementation of linear interpolation are presented in
Table 5 and Table 6 respectively.

Table 5. Probability Scale of Fine-Kinney with Linear Fashion

Probability Value
*Might well be expected 10
Quite possible 7
Unusual but possible 4
*Only remotely possible 1

Conceivable but very unlikely 0,66
Practically impossible 0,33
*Virtually impossible 0,1

Table 6. Frequency Scale of Fine-Kinney with Linear Fashion

Frequency Value
*Continuous 10
Frequent (daily) 7,75

Occasional (weekly) 55
Unusual (monthly) 3,25
*Rare (a few per year) 1

Very rare (yearly) 0,5

Probability and frequency values obtained from the
implementation of square interpolation are presented in
Table 7 and Table 8 respectively.

Table 7. Probability Scale of Fine-Kinney with Square Fashion

Probability Value
*Might well be expected 10
Quite possible 8,2
Unusual but possible 5,2
*Only remotely possible 1

Conceivable but very unlikely 0,61

Practically impossible

*Virtually impossible

0,45
0,1

Table 8. Frequency Scale of Fine-Kinney with Square Fashion

Frequency Value
*Continuous 10
Frequent (daily) 8,8
Occasional (weekly) 7
Unusual (monthly) 4.4
*Rare (a few per year) 1
Very rare (yearly) 0,54

Comparison of Fine-Kinney linear and square
interpolation probability and frequency values are
presented in Table 9 and Table 10 respectively. (a: Fine-
Kinney; b: Linear Interpolation; c: Square Interpolation)
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Table 9. Comparison of Probability Values

Probability FK? LIP Sk
*Might well be expected 10 10 10
Quite possible 6 7 8,2
Unusual but possible 3 4 5,2
*Only remotely possible 1 1 1
Conceivable but very unlikely 0,5 066 0,61
Practically impossible 0,2 033 045
*Virtually impossible 0,1 0,1 0,1

Table 10. Comparison of Frequency Values

Probability FK? LI Sk
*Continuous 10 10 10
Frequent (daily) 6 7,75 88
Occasional (weekly) 3 55 7
Unusual (monthly) 2 325 44
*Rare (a few per year) 1 1 1
Very rare (yearly) 0,5 0,5 0,54

Taking into account the comparative values in Table 9
and Table 10, linear interpolation method obtains higher
values than classic Fine-Kinney method in high
probability and high frequency values, as in square
interpolation method compared to linear interpolation
method. This situation will affect the risk priority order of
hazards by affecting scores gathered from risk analysis.

4. IMPLEMENTATION STUDY

In this part of the study, a risk assessment study was
implemented for maintenance workshop of a middle
scaled company. Company has been mainly focused on
production and distribution of solar panels since 2005.
They have been conducting risk assessments on all of their
workshops  periodically  with  their  experienced
occupational health and safety specialist, who had
provided all data for an implementation part of this study.
Risk scores gathered from risk assessment were at first
calculated with classic Fine-Kinney method. Later risk
scores were recalculated according to scales of Fine-
Kinney method based on linear and square interpolation
improved by a new approach and each of the three
methods were compared for each hazard.

On Appendix A, according to Classic Fine-Kinney
method, probability, severity and frequency values were
given and risk points were calculated. On Appendix B,
risks were numbered and regarding Fine-Kinney risk scale
as basis from Table 4. Calculated risk values were ordered
decreasingly and risk states were determined. Risks with

equal scores were given the same priority and in this way,
risk prioritization table was created.

As seen in Appendix B, use of hand tools and not using
personal protective equipment named as hazard no. 4 and
hazards resulting from the lack of warning signals named
as hazard no. 10 have the highest two scores. In the
business, it was stated that the biggest number of
occupational accidents had occurred due to these hazards
and it was concluded that immediate precautions were
needed in the action plan. According to classic Fine-
Kinney method, the third rank is occupied by two hazards
(No. 1 and 5) on the prioritization table. It is also seen from
the risk situation column of this table that fourth and fifth
hazards on the prioritization table (hazard No. 2; hazard
No. 8 and 9) require equal amount of precaution.
Comparatively, risk points of hazards No. 6 and 7 are low
and they are considered to be possible risk and hazard
No.3 is regarded as acceptable risk.

As seen on Appendix B, two hazards (No. 1 and 5) were
concluded to be “High Risk; Immediate Correction
Required, Required To Be Included In Short Term Action
Plan”. Among hazards with equal priority order, a
complexity (hazards No. 1, 5 or 8, 9) occurred as to which
hazard would be given priority. For example, as the risk
scores of the hazard out of working with the rotating parts
and lack of lightening are the same, the decision of which
one to have higher priority is reserved to the business.
Therefore, it can be concluded that even in a small scaled
implementation, classic Fine-Kinney method is seen to
cause complexity and inefficiency. Departing from the
assumption that complexity and inefficiency in classic
Fine-Kinney method result from gaps in scale, the gaps in
probability, severity, frequency scales were arranged
again and the implementation of the study was conducted
with this new approach.

On Appendix C, risk assessment results based on linear
interpolations and square interpolations taking Tables 5, 6,
7 and 8 as reference were compared to the ones on
Appendix A that were gathered from classic Fine-Kinney
Method.

Following the reassessment of the implementation in
the business, probability and frequency values were
calculated with Linear and Square interpolation methods
and the change in risk scores were comparatively
presented in Table XIIl. The hazards in maintenance
workshop were reconsidered, new probability and
frequency values were given on new tables and new risk
scores were calculated.

When the risk scores from Classic Fine-Kinney method
and methods based on Linear and Square interpolation are
compared, a considerable conclusion is gathered. In the
maintenance workshop of the business in question, there
are 10 risk scores gathered from certain hazards. Once risk
scores were calculated with Classic Fine-Kinney method,

Alphanumeric Journal

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

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



88 Murat OTURAKCI, Cansu DAGSUYU, Ali KOKANGUL | Alphanumeric Journal, 3(2) (2015) 083-092

actions to be taken were indicated on Appendix B.
However, at the end of the two developed approaches,
changes occurred due to the change in risk scores. These
changes are presented on Appendix D.

According to data from Appendix D, risks from certain
hazards are shown to be taken into more consideration on
action plans. When all the changes on the table are
analyzed in detail,

Priority of the hazard No. 1 “breakdown of electric
wiring” in the action plan is on the third rank as in the
classic method. However, the action to be taken was
upgraded to “Very High Risk” from “High Risk” in both
of the new approaches. In other words, in linear and square
interpolation based Fine-Kinney methods, the sensitivity
of the risk from the hazard No. 1 had its importance
increased.

e Risk score No. 2 “fire hazard” is the fourth in the
priority list considering the classic method. The
importance of the same risk was decreased on linear
interpolation based method and is on the sixth rank.
Despite this, the action to be taken is observed to be
unchanged. However, when the same risk is analyzed
in square interpolation based method, the risk group
was upgraded to “High Risk” from “Substantial” and
was concluded to be added to short term action plan.

e The actions to be taken considering the hazard No. 3
“hangar door” in classic and linear interpolation based
method are unchanged however, in square interpolation
based method; the score of this risk was upgraded to
“Possible Risk” group and was concluded to be added
to the action plan.

e Risk score from hazard No. 4 “Use of Hand Tools and
Not Using Personal Protective Equipment” does not
exhibit change in terms of priority order among the
three methods. It is the first in the priority list
considering all three methods. However, its sensitivity
was increased.

e Priority order of hazard No. 5 “Using cutting and
penetrative tools” does not require change in actions to
be taken. But its sensitivity was increased.

e The actions to be taken considering the hazard No. 6
“smoking” in classic and linear interpolation based
method are unchanged however, the priority orders
were observed to be changed. In Square interpolation
based method, the score of this risk was upgraded to
“Substantial Risk” was concluded to be monitored
closely in the action plan.

o Priority order of hazard No. 7 “Stowing” in the action
plan is on the seventh rank in classic method. However
priority of same risk was decreased on both linear and
square interpolation methods and is on the ninth rank.
But it does not exhibit change in terms of action plan
among the three methods.

o Priority order of hazard No. 8 “working with rotating
parts” in classic and linear methods are the same,
however, this risk is placed in “Substantial Risk” in
classic method while in linear and square interpolation
based methods, it is placed in “High Risk” group. It was
also concluded that immediate correction is required; in
that way sensitivity of this risk was increased.

e Priority order of hazard No. 9 of “lack of lightening”
regressed to two ranks lower in the classic method
however; actions to be taken in classic and linear
interpolation based methods were not changed. The
score of these risks in square interpolation based
method increased to “High Risk™ group and were
concluded to be added to short term action plan.

e Priority order of hazard No. 10 “Lack of warning
signals” in the action plan is on the second rank in both
linear and square interpolation methods as in classic
method. Also it does not exhibit change in terms of
priority order among the three methods.

5. CONCLUSION

Although they involve differences in terms of
implementation among sectors, risk assessment methods
have an increasing importance today. As expertise
regarding which assessment method to be used in which
situations is required and the importance of risk
assessment methods increase day by day, new businesses
and jobs are being created in this field. Especially,
following the occupational health and safety law No.
6331, all businesses are required to have a risk assessment
implemented and thus, they are striving to accelerate their
research regarding the issue and obtain more reliable and
valid conclusions by implementing the right methods.

In this study, departing from Classic Fine-Kinney
method, a new approach was brought to risk scoring. The
classic method and the new approximation were
implemented in maintenance workshop of a medium
scaled business and conclusions were compared. Primarily
in this study, alternative scales were created for scales of
probability and frequency of the classic method. Scores of
risks with higher probability and frequency were upgraded
and priority degrees were increased. In this way,
awareness of hazards was raised. Also, with the
implementation of the study, the conclusions of the classic
Fine-Kinney method were seen to involve complexity in
terms of prioritization and this problem was eliminated
with the new approach. The fact that there are more than
one hazard with the same risk point in classic Fine-Kinney
method poses a problem for businesses as to determining
prioritization among these hazards. For example, in classic
Fine-Kinney method, there are two hazards with 240
points and also there are two hazards with 120 points and
it is not known which hazard needs to be prioritized
compared to others. However, in the methods formulized
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new approach, scores of these hazards have been
and their priorities were separated.

Conclusions of the implementation indicate that the classic
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APPENDIX A. Risk Evaluation Table According to the Classic Fine-Kinney Method

Orde | Hazard Risk Probabili | Frequen | Severit | Risk
r ty ey y Scor
e

1 Breakdown Of Electric Wiring Financial Damage — Injury - 3 2 40 240
Death

2 Fire Hazard Financial Damage — Injury - 3 0,5 100 150
Death

3 Hangar Door Financial Damage — Injury - 1 0,5 40 20
Death

4 Use of Hand Tools and Not Using Personal Protective Financial Damage — Injury - 3 40 720

Equipment Death

S Using cutting and penetrative tools Financial Damage — Injury - 6 ! 40 240
Death

6 . Sickness — Psychological Effects - | 3 1 15 45

Smoking -

Fire

7 Stowing Financial Damage — Injury - 1 1 40 40
Death

8 Working with Rotating Parts Financial Damage — Injury - 1 3 40 120
Death

9 Lack of Lightening Financial Damage — Injury - 3 1 40 120
Death

10 Lack of Warning Signals El:;tr;]ual Damage — Injury - 6 2 40 480

APPENDIX B. Risk Prioritization Table According to the Classic Fine-Kinney Method

Hazard No. Risk Priority No. Interval of Risk Risk Situation
Score Value

4 720 1 R>400 Very High Risk; Consider Discontinuing Operation, Immediate
Precautions Needed

10 480 2 R>400 Very High Risk; Consider Discontinuing Operation, Immediate
Precautions Needed

1 240 3 200<R<400 High Risk; Immediate Correction Required, Required To Be Included
In Short Term Action Plan

5 240 3 200<R<400 High Risk; Immediate Correction Required, Required To Be Included
In Short Term Action Plan

2 150 4 70<R<200 Substantial Risk; Correction Needed, Should Be Monitored Closely In
Action Plan

8 120 5 70<R<200 Substantial Risk; Correction Needed, Should Be Monitored Closely In
Action Plan

9 120 5 70<R<200 Substantial Risk; Correction Needed, Should Be Monitored Closely In
Action Plan

6 45 6 20<R<70 Possible Risk; Attention Indicated, Need To Be Added In Action Plan

7 40 7 20<R<70 Possible Risk; Attention Indicated, Need To Be Added In Action Plan

3 20 8 R<20 Risk; Perhaps Acceptable, No Immediate Action
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APPENDIX C. Comparison of Risk Assessment Methods

- . Fine-Kinney Method Based on Linear | Fine-Kinney Method Based on Square
Classic Fine-Kinney Method . Y . y 4
Interpolation Interpolation

Ord
Hazard - - -

er Probabili | Frequenc | Risk Probabili | Frequenc ) Risk Probabili | Freguenc ) Risk

Severity Severity Severity
ty y Score ty y Score ty y Score

Breakdown Of

1 S 3 2 40 240 4 3,25 40 520 52 4.4 40 915,2
Electric Wiring

2 Fire Hazard 3 0,5 100 150 4 0,5 100 200 52 0,54 100 280,8

3 Hangar Door 1 0,5 40 20 1 0,5 40 20 1 0,54 40 21,6
Use of Hand Tools

4 and Not Using . 6 3 40 720 7 55 40 1540 8,2 7 40 2296
Personal Protective
Equipment

5 Using Cl-JttIng and 6 1 40 240 7 1 40 280 8,2 1 40 328
penetrative tools

6 Smoking 3 1 15 45 4 1 15 60 5.2 1 15 78

7 Stowing 1 1 40 40 1 1 40 40 1 1 40 40
Working with

8 . 1 3 40 120 1 55 40 220 1 7 40 280
Rotating Parts

9 Lack of Lightening 3 1 40 120 4 1 40 160 52 1 40 208
Lack of Warnin

10 ack ofivamning 6 2 40 480 7 3,25 40 910 8,2 4.4 40 14432
Signals
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APPENDIX D. Comparison Table of Action Plan

o Classic Fine-Kinney Method Fine-Kinney Method B_ased on Linear Fine-Kinney Method B_ased on Square
Interpolation Interpolation
rd | Hazard
er Sco Sco Sco
re/ Action Plan re/ Action Plan re/ Action Plan
P.N P.N P.N
. High Risk; Immediate Correction Very High Risk; Consider Very High Risk; Consider
1 Wﬁ?ﬁdown Of Electric /230 Required, Required To Be Included In 5/2?? Discontinuing Operation, Immediate 21/53 Discontinuing Operation, Immediate
Y Short Term Action Plan Precautions Needed Precautions Needed
150 Substantial Risk; Correction Needed, 200 Substantial Risk; Correction Needed, 280 High Risk; Immediate Correction
2 | Fire Hazard /a Should Be Monitored Closely In /6 Should Be Monitored Closely In 8/5’ Required, Required To Be Included In
Action Plan Action Plan Short Term Action Plan
3 | Hanaar Door 20 /| Risk;  Perhaps  Acceptable, No |20 /| Risk; Perhaps Acceptable, No | 21,6 |Possible Risk; Attention Indicated,
Y 8 Immediate Action 10 | Immediate Action /10 Need To Be Added In Action Plan
Use of Hand Tools and 720 Very High Risk; Consider 154 Very High Risk; Consider 299 Very High Risk; Consider
4 | Not Using Personal /1 Discontinuing Operation, Immediate o Discontinuing Operation, Immediate 6/1 Discontinuing Operation, Immediate
Protective Equipment Precautions Needed Precautions Needed Precautions Needed
. . High Risk; Immediate Correction High Risk; Immediate Correction High Risk; Immediate Correction
5 U;rzgtgr:tl:\t}éq%;:d /2131’0 Required, Required To Be Included In 2/8f Required, Required To Be Included In 3;2;3 Required, Required To Be Included In
P Short Term Action Plan Short Term Action Plan Short Term Action Plan
45 ) Possible Risk; Attention Indicated, 60/ Possible Risk; Attention Indicated, 78/ Substantial Risk; Correction Needed,
6 | Smoking 6 Need To Be Added In Action Plan 8 Need To Be Added In Action Plan 8 Should Be Monitored Closely In
Action Plan
7 | stowin 40 / | Possible Risk; Attention Indicated, 40/ | Possible Risk; Attention Indicated, 40/ | Possible Risk; Attention Indicated,
9 7 Need To Be Added In Action Plan 9 | Need To Be Added In Action Plan 9 | Need To Be Added In Action Plan
. . . Substantial Risk; Correction Needed, High Risk; Immediate Correction High Risk; Immediate Correction
8 \F{\;?trskmg with Rotating /lgo Should Be Monitored Closely In 2/250 Required, Required To Be Included In 2/860 Required, Required To Be Included In
Action Plan Short Term Action Plan Short Term Action Plan
120 Substantial Risk; Correction Needed, 160 Substantial Risk; Correction Needed, 208 High Risk; Immediate Correction
9 | Lack of Lightening /5 Should Be Monitored Closely In /7 Should Be Monitored Closely In 17 Required, Required To Be Included In
Action Plan Action Plan Short Term Action Plan
480 Very High Risk; Consider 910 Very High Risk; Consider | 144 | Very High Risk; Consider
10 | Lack of Warning Signals Discontinuing Operation, Immediate Discontinuing Operation, Immediate | 3,2 / | Discontinuing Operation, Immediate
/2 . /2 - ]
Precautions Needed Precautions Needed 2 | Precautions Needed

Alphanumeric Journal

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

ISSN 2148-2225

httt://www.alphanumericjournal.com/



Available online at www.alphanumericjournal.com

alphanumeric journal

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

Volume 3, Issue 2, 2015 T

2015.03.02.ECON.01

LABOR PRACTICES IN CHINA AND ITS EFFECT ON THE
COUNTRY’S ECONOMY

Ali SOYLU "
Assoc. Prof. Dr., Cameron University, Lawton, OK, USA
Received: 01 September2015
Accepted: 28 December 2015

Abstract

A major factor hidden behind the overall success of China is the cheap production of goods, infrastructures, and relatively cheap labor force.
Subsequently, this research will show that some practices are not legal and transparent in the hiring practices of China’s labor force. Labor
regulations are being violated daily bases and the laws governing the matter are not being enforced properly. As a result China is managing
to become one of the leading empires in today’s economy. Moreover, this research will demonstrate that it is a tremendous task for the
China’s leading economists to create business and financial models to stay on track as the fastest-growing economy. This paper also rounds
up to promote the adoption of radical governmental and financial implementations, instead of solely relying upon cheap labor to develop
China’s economic strata.

Keywords: Cin, Ekonomi, Insan Kaynakiar, Is¢i Uygulamalart
Jel Code: F66

CIN’DE iSCI UYGULAMALARI VE ULKE EKONOMISI
UZERINDEKI ETKILERI

Ozet

Cin’in ekonomideki genel basarisinin arkasindaki faktorler; tiretimi destekleyen altyapilari, nispeten ucuz is giicii ve dolayist ile ucuz
tretimdir. Bu aragtirma Cin’de is giicil ile ilgili bazi uygulamalarin illegal ve ise alma uygulamalarinin seffaf ve yasal olmadigini gosteriyor.
Cin’de isgoren haklar1 hergiin ihlal ediliyor ve bu konudaki mevcut yasalar gerektigi gibi uygulanmiyor. Buna ragmen, sonug olarak Cin
giiniimiiz diinya ekonomisine 6nderlik eden imparatorluklardan biri haline geldi. Ayrica, bu arastirma gosteriyor ki Cin 'in ekonomideki
onderligini ve en hizli bilyliyen ekonomi olma 6zelligini koruyabilmesi i¢in ticari ve finansal modeller olusturmak zorundadir. Bu ¢alisma
ayrica Cin'in ekonomik tabakalar gelistirmek igin ucuz isgiiciine giivenmek yerine, radikal idari ve finansal uygulamalari adapte etmesi ve
desteklemesi gerektigini belirtir.

Anahtar Kelimeler : China, economy, human resource, labor regulations

Jel Kodu : F66

China has taken the lead. Following China, the third
largest force in economy today is Japan. Several questions
arise with the statement above. The first and most

1. INTRODUCTION

In the past decade, China has become one of the world’s
largest forces regarding the world’s economic
development. By the rankings from the Business Insider
article (June 2013), China is the second largest economy
force, while the United States is still considered the
number one; nonetheless most Americans believe that

* asoylu@cameron.edu (Corresponding author)

important question is, how China became so important and
powerful in the last 30 years, and whether the success they
are having is sustainable. The answer to the first question
lies behind the fact that China has a large population, and
the labor employed is very affordable and cheap for the
most part. China’s success lies behind the changes in the


http://www.alphanumericjournal.com/

94 Ali SOYLU / Alphanumeric Journal, 3(2) (2015) 093-098

world’s business trends that have occurred in the last three
decades. The lower transaction costs and different global
rates of trade have enabled China to profit from their labor
resources. Major factor that enhances China’s economy is
the Chinese government. The government allocates most
of the resources and then directly or indirectly commands
all the national assets and income. The important issue
that rises with the success of China is the hiring practices
in the country and whether they are fair and legal. The
basic requirements of China’s Labor Laws are very simple
such as the equal treatment of employees regardless of
their race or sex. There will be no employment for the
children that are 16 years of age or younger, and the right
for the workers to organize in the labor unions. The laws
also set standards for the working hours and conditions,
family leave, holidays, minimum wages. Each provincial
government sets its own minimum wage standard. For
example in Shanghai of the year 1999, the minimum wage
was 33 cents when recalculated from Chinese Renmimbi
(Yuan) to American dollars. The minimum wage for the
other cities was considerably less (Jackson, 2011).

2. MASSIVE AND INEXPENSIVE WORKFORCE:
ESSENCE TO CHINA’S SUCCESS

In the first part of the paper we will be explaining the
power of China in the world today and if their economy is
on the way to surpass such a strong economy like the
United States. From the statistics in 2006 China had a
workforce of 795.3 million. The prediction is that by the
year 2030 forty percent of the global force will come from
China or India (Hays, 2008). There is not one sole factor
of China’s success. China in the moment has the second
largest economy by the nominal GDP and the purchasing
power parity, the United States is number one. China is the
fastest growing economy in the world and according to the
numbers China’s economy growth is around ten percent
per year in the last thirty years (Fogel, 2010). China is also
the largest exporter in the world and the second largest
importer in the moment.

The way China is today was not always the case.
Specific policies and the change in the government
structure led to the improvement in the last few decades.
The road of success for China began in 1978 with two
reformers; Li Xiannian and Deng Xiaoping. Their main
argument was “Who cares if the cat is black or white as
long as it catches the mice”. With the influence of these
two reformers China began to accept more pragmatic
approach on political and socioeconomic issues. Very
soon after that China adopted the capitalist economical
approach. The focus was on raising the personal wealth
and consumption and on the new management methods
that have improved the productivity. Another factor that
has contributed to the success is the fact that in the 1980’s
China has opened its borders to foreign investments.

This policy has opened a lot of doors for different large
companies to enter the Chinese markets and establish their
businesses. The private sector is the part of the economy
that grew at the fastest rate and by the year 2005 for as
much as seventy percent of the overall China’s GDP
(Bloomberg 2008).

A major factor that is hiding behind the overall success
of China is the cheap production of goods and the
relatively affordable labor force. China is the global leader
in the labor-intensive manufacturing. China produces
almost half of the world’s shoes as well as clothes,
household gadgets, toys, appliances, furniture, Christmas
ornaments, utensils, and sunglasses. Interesting fact is that
the majority of the American flags and hand-painted Jesus
and Mary figurines sold in the United States are made in
the factories in China! Most of the products that have the
tag, “Made in US” on them have probably been produced
in China or at least some parts of it. Since the economy in
China is doing well the wages went up. In manufacturing
the average wage in 2009 was around two hundred dollars
per month and that was seventeen percent more than the
year before (Hays, 2008). This wage of 200$ per month
represents a decent increase but it is still fairly low in
comparison to the United States. China is able to produce
the goods for very cheap which has put the rest of the
world on its heels. This effect has been named “China
price”. For a lot of Americans this meant the loss of their
jobs because a lot of different businesses have shifted their
production from the United States to China but some other
businesses such as Wal-Mart and other discounters that
focused on the high volumes of production and low prices
have benefited. Although the goods produced in China are
very cheap, ironic enough they are on average more
expensive in China than they are in the United States. One
example for this would be an Apple computer. The price
of the computer in Beijing is $2,750 which is five hundred
dollars more than it is in the United States. For instance,
Nike shoes can cost a person as high as $200 dollars if they
are being purchased in the official Nike store in China. A
good example of cheap labor force would be the
Volkswagen factory. According to its executive “the cost
of labor in China is nothing”. Another huge factor of
excellent Chinese productivity is the speed of the
production. In 2009 China has accounted for 18.6 percent
of the world’s gross manufactured output (Hays, 2008).

What is in fact astonishing is the amount of profit that
China generates from their products. The example would
be a pair of sunglasses. They can be made in China for the
cost of a single dollar and then be sold in the United States
for thirty-five dollars or even more. That is a huge profit
margin in comparison to the initial cost.

All the factors that we have mentioned above have put
China on the top of the world’s economic outlook.
Nowhere else on the globe can such a production level be
found as the one that China has. It is due to high volumes
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and the fast production for very cheap labor wages and
cheap materials. However, that might not last for much
longer. “Looming demographic changes are large,
irreversible and inevitable” (IMF report). The key age
groups for China, which are the workers around the age of
twenty, is neither willing to spend their lives living in
small company dorms nor willing to work for a minimum
wage. Labor shortage will catch up with the fantastic
productivity some time in the future and it is inevitable.
This event could cause the wages in China to keep
growing which would mean good news for the rest of the
world. For the industries that are of interest for the United
States- higher-end manufacturing or technology and
research in heavy fields. China will fight to remain
competitive, but once the country’s wage advantage
disappears, the higher value-added jobs will become more
important.

3. ISSUES OF ILLEGITIMATE LABOR
PRACTICE

In the second major part of my research paper we will
discuss the illegal labor practices, and the scandal of child
labor in China. To start with, working conditions in
Chinese factories are not adequate or appropriate for
workers. The majority of time employers discriminate on
the basis of height, looks, health, home province and age.
Some workers are not considered because they are too
ugly or too short or have had hepatitis in the past. The most
typical advertisement for the factory job would be: “Age
18 to 35, middle school education, good health good
quality, attentive to hygiene, willing to eat bitterness and
work hard, women 1.66 meters or taller, people from
Jiangxi and Sichuan need not apply” (Hessler). Workers
often quit because they work too much overtime and the
compensation is not very high. Sometimes workers go for
months without getting paid and in case they quit the job
they never receive the pension or the severance pay that
has been promised to them. The reason that is behind child
labor lies in the fact that a bulk number of families in
China are very poor so that every member of the family
capable of work is trying to find a job. There were several
cases of reports of child labor lately. Samsung Electronics
Co. audit team has found out that a lot of workers in China
were working overtime hours and were not paid for it.
Furthermore, they were getting fined if they were absent
from work or tardy. After the investigation it appeared that
children were doing the same amount of work as the adults
did but they were getting only around 70% of the pay that
the adults got. Other accusations were saying that the
working conditions were horrible; some called them
“inhumane”. After this incident Samsung is auditing 144
more suppliers in China and the reports from Samsung are
saying that the illegal overtime will end by the end of
2014. Another incident in Chinese factories has occurred

at two Microsoft factories where conditions for work were
inhumane. Both of the factories are based in Guangdong.
The company has been accused of illegal labor practices
including the employment of a large number of children
from the age of 16-18. Microsoft has been warned to
change their work practices and to comply with the law.
The investigation has been conducted by Dongguan
human resources bureau following the report from the
United States based on the non-profit organization Nation
Labor Committee (NLC). The report that came from the
investigation was shocking. Workers had long working
hours, a low pay, insufficient food and few freedoms for
young laborers at the KYE Systems Corporation factory in
Dongguan, South China’s Guangdong province. The
report also included that the children were working in 15-
hour shifts for around 50 cents per hour! Moreover the
children were prohibited to use the bathroom during the
working hours and they all slept in a 14-person dorm
room. They were not allowed to leave the factory when
they wanted to, only on few occasions when they were
allowed to.

According to these two stories mentioned above, it is
obvious that China’s usage of illegal practices for the
production has been increasing. They are taking advantage
of the fact that China has numerous workforces and to
make a living most of the people are willing to work in
awful conditions. As we mentioned earlier, children will
go to factories and work because they also need to
contribute somehow so that the family can make enough
money to feed and clothe everyone. A lot of different laws
are being broken such as terrible working conditions, a lot
of overtime that is not being compensated although
workers are penalized if they are late for work. The laws
exist to protect the workers but they have to be stricter
toward the employers and give more benefits to
employees. Another issue that is obvious is the
reinforcement of the existing laws. (Maass, 2013)

4. LABOR ADVANTAGE: IS IT STILL THE BEST
FORMULA FOR FUTURE GROWTH?

The important question that has to be addressed is
whether China will be able to sustain the rate of success it
has been experiencing just by solely relying on its
advantage of massive and cheap labor. My research
findings will indicate that there are much more significant
factors that need to be improved for China to continue its
growing trend.

According to Wu (2013), China will keep growing but
they will meet some bumps on the road. For Wu the
biggest challenge will be the incomplete reform as the
semi-market and semi-command economy system will
result in severe economic and social problems. Although
the private sector in China is at the constant growth rate in
the last thirty years, the state still controls key sectors of
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banking, petroleum, railroads and telecom. The
government also holds huge amounts of land that they
acquired from peasants and poor people at very low prices.
The law in China is still favoring the government body.
Governments at all levels have enormous power over the
allocation of important economic resources according to
Wu. If China will sustain the present growth they need to
privatize more business sectors and take the power from
the government body. Other concerns that Wu expressed
are inflationary pressures, corruption, and “crony
capitalism”. The transition from socialism to capitalism is
never smooth and a lot of people are raising their voices
toward the government to give some power to the people.

China is lately facing serious issues that are affecting
their recent growth. Toward the end of 2012 China
experienced elevated amount of debt and a bubbly
property market. The government took a step forward and
helped the way to recovery. The first quarterly figures for
2013 are showing that China is back on track but certain
concerns still exist because of the stressed corporate
balance sheets and a pervasive local government bailout
culture. According to Alistair Thornton, a senior China
economist, this is not a healthy way to recover. From the
data shown in the first quarter of the year the country’s
GDP has picked up equal to 8% which is the increase of
0.1% from the previous quarter. The large reason of
recovery in comparison with the previous quarter is the
fact that government injected $157 billion in the
infrastructure (Qing, 2012).

The concern that China has is the presence of the
shadow banking system, which now accounts for a large
portion of debt that is used to fund building projects in the
absence of the bank credit. The shadow banking system is
estimated at 22.8 trillion Yuan, which is $3.7 trillion in
American dollars. That number is equivalent to 44% of
GDP and 25% of the total credit according to Credit Suisse
(Harjanim, 2013). Because of the rising concerns over the
elevated debt which is caused by the rise of shadow
banking and the rapid credit growth the prompted rating
agency Fitch has downscaled China’s long-term local
currency credit rating to A-plus from AA-minus.

According to Chang (2011), the author of “The Coming
Collapse of China” the deflation rate in the manufacturing
sector will slow down the economy completely. China
does have a great GDP growth, but the deflation rate and
the growth do not go together in the same sentence. Chang
(2011) added that economy this year will grow at the rate
of 4-5 % but the government will likely report it at around
7% at the year-end.

After all the issues that China is facing and will face in
the future there are plans prepared already to overcome
those issues and to keep the country moving forward.

According to the Chinese economic researchers there
are several reforms needed. China needs reforms in land

market, labor market, and the capital market. The reforms
needed in land market include the changes in the rural area
to capitalize the land of the farmers, which also means
giving the farmers full property rights to land and
establishing a unified land market. This will mean an
excellent means of liquidity injection and it may also act
as the starting engine for the next future boom of the
Chinese economic growth. Another idea is to create the
ownership registration and certification of the rural land,
which already started in 2011 and it is already serving as
an excellent preparation for the future reform. Next, what
China needs is to do reforms in labor market. They need
to promote the life in urban areas. Further reforms are
necessary in the social security and public goods sector.
Finally by deepening reforms in the labor market,
population agglomeration will be more developed in the
metropolitan areas. The improvement of the industrial
organization, as well as the spilling over of technology
will enhance TFP. Lastly China needs reforms in the
capital market. Market-oriented and asset-management-
based reforms are needed to insure the sound development
of Chinese financial market in the future.

5. CONCLUSION

In the paper, we have shown that the concurrent labor
practices enabled China to become one of the largest
economies all over the globe. Earlier in the paper we have
mentioned that production costs are very low and the price
of labor is cheap and affordable. However, there have been
many issues regarding the labor treatment. Chinese
companies have been responsible for the exhaustion of the
workers, inhumane working conditions, very low hourly
salary and the employment of child labor. The companies
such as Apple and Microsoft have been involved in
scandals surrounding the labor issues. To be able to
produce the product at the very fast pace and sell it in other
countries for the profit of 35 times per unit (sunglasses)
have played a huge role in the process of China gaining
economic power. The laws exist to protect the workers but
they have not been followed through. There is a law where
the company is not able to give a job to 16-year old boys
but regardless the laws the boys are still working in the
factories for the minimum wage. The reports state that
boys are working the same amount of hours as the adults
do but they only get 70% of the compensation that the
adults get. Because of many incidents that have happened
in the companies and their factories the Chinese
government passed the law in 2008 that gave more power
to the workers. This law has given better protection for the
employees including the workers rights, signed and
written contracts for all the employees. This event has also
raised the cost of labor. A lot of firms are complaining that
because of that law their labor costs have risen as much as
40%. Now with the new law firms have to pay the
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minimum wage, give benefits to the workers and register
all the employed workers. This has caused some of the
established firms in China to move their business
elsewhere. Even though this new law has been passed the
labor issue in China still exists. It is not enough just to pass
the law it is also important to enforce it. The
implementation and enforcement have always been the
biggest issues surrounding the labor law in China.

6. LIMITATIONS OF THE RESEARCH

There are still lot of questions hanging over the success
of China and the labor laws and practices. As we
mentioned China has been successful because of the cheap
labor but with all the changes with labor laws workers are
getting more power. Now firms in China need to pay their
workers larger amounts of wage which is forcing some of
them to leave the country and take their business
elsewhere. The United States are very happy with that
outcome because it brings a lot of the jobs back home.
China needs to be on extreme alert when it comes to child
labor. Because the workers now need to get paid at least a
minimum wage, firms choose to have children do the work
and they do not register them. We believe if China does
not solve all the existing issues, and does not align with
the rules of international business they will eventually lose
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Abstract

In the port operating process, it is aimed to use various infrastructure and superstructure inputs for freight handling and serving ships and
intended to generate revenue from handled freights and served ships. Therefore, two sequential stages appear in the port operating process.
In this process, the outputs from the first stage are the inputs to the second stage. Port managers would aim to maximize the freight handled
and the number of served ships with using the existing resources in the first stage and then, maximize the revenue from handled freights
and served ships in the second stage. Data Envelopment Analysis (DEA) which is the most widely used technique to estimate port efficiency
was designed for the single stage processes and it is inadequate in two-stage operations. In order to overcome this limitation, some DEA
based two-stage techniques were developed and used. In this study, a two-stage DEA model was proposed for measuring the port efficiency
and applied to a number of Turkish ports. Results show that two-stage DEA approach provides more proper results than those in single
stage DEA when there are sequential stages. It is expected that the proposed two-stage DEA model may contribute both literature and
practice.

Keywords: Efficiency, two-stages, port, data envelopment analysis

Jel Code: C19, C44, 118

LIMAN ETKINLIGI OLCUMUNDE iKi ASAMALI BiR MODEL
ONERISI VE TURK LIMANLARI UZERINDE BIiR UYGULAMA

Ozet

Liman igletim siirecinde, ¢esitli altyap1 ve iistyapi girdilerini kullanarak yiik elleglemek ve limana gelen gemilere hizmet vermek, elleclenen
bu yiiklerden ve hizmet verilen gemilerden de gelir elde etmek amaglanir. Dolayisiyla, liman igletim siirecinde karsimiza birbirini takip
eden iki asamali bir siire¢ ¢ikmaktadir. Bu siirecte birinci asamanin ¢iktilari, ikinci asamanin girdilerini olusturmaktadir. Liman yonetimi,
birinci asamada kullanilan kaynaklar ile en yiiksek seviyede yiik elleglemeyi ve en fazla sayida gemiye hizmet vermeyi, ikinci asamada ise
elleglenen bu yiiklerden ve hizmet verilen gemilerden maksimum seviyede gelir elde etmeyi amaglar. Liman etkinliginin 6l¢iilmesinde en
stk kullanilan yontem olan Veri Zarflama Analizi (VZA), tek bir siirecin etkinligini 6lgmek icin tasarlanmistir. Birbirini takip eden bir
stirecin etkinligini 6lgmek i¢in ise VZA temelli ¢esitli iki asamali etkinlik 6l¢tim teknikleri gelistirilmigtir. Bu arastirmada, liman
etkinliklerinin 6l¢iimiinde kullanilabilecek iki asamali bir VZA modeli 6nerilmis ve Tiirk limanlari {izerinde uygulanmistir. Sonuglar,
birbirini takip eden siiregler s6z konusu oldugunda, iki asamali modelin liman performansini tek asamali VZA’ya gore daha dogru bir
sekilde degerlendirdigini géstermektedir. Bu ¢alismada Onerilen iki asamalt VZA modelinin hem literatiire hem de uygulamaya katk1
yapmast beklenmektedir.

Anahtar Kelimeler : Etkinlik, iki asamal, liman, veri zarflama analizi
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1. GIRIS

Ticaret zinciri i¢erisinde dnemli baglant1 noktalar1 olan
limanlarin etkinligi sehir, bolge ve iilke ekonomisini
yakindan etkilemektedir (Tongzon 1995; Shan vd. 2014;
Gtiner, 2015). Bu oOnemine istinaden liman etkinligini
6lgme ve degerlendirme konusu hem diinyada hem de
iilkemizde yapilan akademik ¢aligmalarda oldukca dikkat
¢ekmektedir.

Liman etkinliginin Ol¢iilmesinde Stokastik  Sinir
Analizi (SFA veya SSA) ve coklu dogrusal regresyon
analizi gibi parametrik tekniklerin yani sira, Veri Zarflama
Analizi (DEA veya VZA) ve Serbest Atilabilir Zarf (FDH
veya SAZ) gibi parametrik olmayan teknikler de
kullanilmaktadir. Farkli tekniklerin varligina karsin,
parametrik teknikler igerisinde SSA, parametrik olmayan
tekniklerden ise VZA, liman etkinliginin 6l¢iilmesinde en
sik kullanilan yontemlerdir (Panayides vd. 2011).

Liman performansinin o6lgiilmesi ile ilgili literatiir
incelendiginde, uygulama asamasinda arastirmacilara
sagladig1 avantajlardan 6tliri VZA nin SSA’ya gore daha
yaygin bir sekilde kullanildigi goriilmektedir. Nitekim
bircok uluslararasi ¢aligmada arastirmacilar liman
etkinligi Ol¢iimiinde VZA’y1 tercih etmistir (Roll ve
Hayuth, 1993; Tongzon, 2001; Barros ve Athanassiou,
2004; Cullinane vd. 2005; Barros, 2006; Wu ve Goh,
2010; Hung vd. 2010; Cheon vd. 2010). Ulkemizde de,
liman etkinliklerinin karsilastirmali olarak ol¢iilmesinde
veri zarflama analizinden yaygmn bir sekilde
faydalanilmistir (Baysal vd. 2004; Bayar, 2005; Giiner vd.
2012; Caglar, 2012; Ates vd. 2013; Giiner ve Coskun,
2013; Bircan, 2014; Ates ve Esmer, 2014; Giiner ve
Coskun, 2014; Giiner vd. 2014; Giiner, 2015).

VZA, tek asamali bir siirecin etkinligini 6lgmek
amactyla tasarlanmigtir. Bu nedenle tek asamali bir
stirecin etkinligini 6l¢gmede yeterli olsa da, birbirini takip
eden iki agsamali bir siirecin etkinlik 6l¢imii s6z konusu
oldugunda yetersiz kalmaktadir. VZA’nin bu kisitininin
istesinden gelmek amaciyla ¢esitli  yaklasimlar
gelistirilmistir. Bu yaklagimlar bankacilik (Seiford ve Zhu,
1999; Chen ve Zhu, 2004) ve sigortacilik (Kao ve Hwang,
2008; Chen vd. 2009) gibi sektorlere uygulanmis olsa da,
birkag istisna haricinde (Yun vd. 2011; Wanke, 2013)
diinyadaki ve iilkemizdeki liman literatiiriinde iki agamali
etkinlik 6l¢iimil biiyiik 6l¢lide goz ardi edilmistir. Halbuki
liman igletim siirecinde de birbirini takip eden siiregler s6z
konusu oldugu igin, iki asamali etkinlik 6l¢timii ile daha
saglikli bir performans degerlendirme yapilabilir.

Bu calismanin amaci, liman etkinliginin 6l¢iilebilmesi
icin iki asamali bir model énermektir. Onerilen bu model
Tirk limanlar {izerinde uygulanacak ve sonuglari
tartisilacaktir. Analiz sonuglari, iki agamali etkinlik 6l¢iim
yaklagiminin geleneksel etkinlik Ol¢iimiine gore daha

saglikli sonuglar irettigini gostermistir. Ayrica, analiz
sonuglar1  degerlendirilerek arastirmaya dahil olan
limanlarin etkinliklerinin artirilabilmesi i¢in Oneriler
sunulmustur. Bu yoniiyle aragtirmanin hem literatiire hem
de uygulamaya katki sunmasi beklenmektedir.

Calisma su sekilde organize edilmistir. Ikinci boliimde
veri zarflama analizi ve iki asamali etkinlik o6l¢iim
yaklasimlar1 tamitilacaktir. Ucgiincii boliim, arastirmanin
kapsamini, veri setini ve modelini tanitan yontem
bolimiidiir. Dordiincti boliimde analizler yapilacak ve
bulgular tartisilacaktir. En son boliimde ise arastirmanin
sonuglar1 sunulacaktir.

2. VERI ZARFLAMA ANALIZi VE iKi ASAMALI
ETKINLIiK OLCUM YAKLASIMLARI

Veri zarflama analizi, ilk olarak Charnes, Cooper ve
Rhodes (1978) tarafindan gelistirilen parametrik olmayan
bir karsilastirmali etkinlik l¢iim teknigidir. Ozellikle de
birden ¢ok girdinin ve ¢iktinin bulundugu durumlarda
oldukea kullanigh bir tekniktir (Panayides et al. 2009). Bu
teknik, en iyi uygulamalar1 tespit ederek etkin olarak
tanimlamakta ve bunlari etkin olmayan karar birimlerine
benchmark olarak atayarak onlarin da etkin olabilmesi i¢in
girdi-¢ikt1 hedefleri sunmaktadir.

VZA’nin temel isleyisi Sekil 1 lizerinde gosterilebilir.
Sekil 1’deki a, b ve ¢ karar birimlerinin iki adet girdi
kullanarak (x’ ve x'") tek bir ¢ikt1 tirettigini varsayalim.
Tiim karar birimleri farkli miktarlarda girdi kullanmakta
ancak ayni miktarda ¢ikt1 iiretmektedir. Etkinlik siniri
(k — k") lizerinde yer alan a ve b birimleri etkin iken,
etkinlik sinirinin uzaginda bulunan c ise etkin degildir.
Clnkii ¢ karar birimi a ve b ile karsilagtirildiginda, ayni
miktardaki ¢iktiyr liretebilmek i¢in daha fazla girdi
kullanmis, bu da siireglerinin etkinsiz olmasina neden
olmustur.

Etkinlik sinir1 iizerinde bulunan a ve b’nin etkinlik
puani %100 etkinligi ifade eden 1°dir. ¢’nin etkinlik puant
ise 1’den kii¢iik olup, etkinlik sinirina olan uzakligina gore
belirlenir. Buna gore ¢ ’nin etkinligi, Oc’'/0Oc orani ile
hesaplanabilir. 0c'’nin 0c’den kiigiik oldugu goz Oniine
alinirsa, c’nin etkinliginin 1’den kii¢iik bir deger alacag:
kolaylikla anlagilabilir. Dolayisiyla, ¢ etkinlik sinirindan
uzaklagtikca etkinlik puani diisecek, etkinlik sinirina
yaklastikca ise etkinlik puani yiikselecektir.

Bu siiregte a ve b birimleri ¢’ye benchmark olarak
atanacak ve c’ye performans hedefleri belirlenmesinde
referans alinacaktir. Bir benchmark olarak a’nin katkisi
bc'/ba ile hesaplamirken, b ’nin katkisi ise ac’'/ab
formiilii ile hesaplanmaktadir.
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Sekil 1. VZA Siireci

VZA, girdi ve c¢ikti  yOnelimli  olarak
modellenebilmektedir. Girdi yonelimli VZA, girdi
kaynaklarinin etkin bir sekilde kullanilip kullanilmadigin
ve ayni miktardaki ¢iktiyr iiretmeye devam ederken
kaynaklarin ne kadar azaltilabilecegini  arastirir
(Panayides et al. 2009). Ornegin, eger bir karar biriminin
girdi yonelimli etkinligi 0,70 olarak hesaplanirsa, bu karar
biriminin mevcut ¢ikti miktarini, kaynaklarinin yalnizca
%70’1 ile iiretebilmesi gerektigini, dolayisiyla %30 unu
azaltmasi gerektigini ifade eder.

Diger yandan ¢ikt1 yonelimli VZA ise, mevcut girdi
kaynaklariyla yeterli derecede ¢ikt1 {iretilip tiretilmedigini
ve girdi miktarini degistirmeden ¢iktt miktarinin ne kadar
artirilmas1  gerektigini aragtirir.  Ornegin, bir karar
biriminin ¢ikti yonelimli etkinliginin 0,70 olmasi, girdi
miktarin1 artirmadan %30 daha fazla ¢ikt1 elde edilmesi
gerektigini gosterir. Girdi ve ¢iktt yonelimli VZA
asagidaki gibi modellenmektedir.

Girdi Yonelimli VZA Cikt1 Yonelimli VZA

6" =min6 6" = max®6

s

fay

ijij < Bxio A]'xll < Xio
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Orijinal VZA modeli, tek asamali siireglerin etkinligini
olecmede yeterli olsa da, birbirini takip eden iki asamali bir
stirecin etkinlik 6l¢liimiinde yetersiz kalmaktadir. VZA’nin
bu kisitinin {istesinden gelmek amaciyla ilk olarak Seiford
ve Zhu (1999) tarafindan bir ana siireci iki alt siirece ayiran
Iki Asamali VZA yaklasimn gelistirilmistir. Bu
yaklasimda birinci alt siire¢ bir girdi karmas1 kullanarak
cesitli ¢iktilar elde etmektedir. Birinci alt siirecin ¢iktilari,
ikinci alt siirecin girdilerini olugturmaktadir. Bunlara ara
degiskenler adi verilmistir. Ikinci siirecte ise bu ara
degiskenler girdi olarak kullanilmakta ve farkli ¢iktilar
iiretilmektedir.

Iki asamali bir siire¢ Sekil 2’de gosterilmistir. x ile
ifade edilen degiskenler birinci alt siirecin girdileridir. Bu
siiregte x girdisi kullamlarak z ¢iktis1 elde edilir. Ikinci alt
stireg ise bu z degiskenini kullanarak y ¢iktist
iretmektedir. Yani ara degisken olarak tanimlanan z,
birinci siirecin ¢iktisi, ikinci siirecin ise girdisidir.

Streg
Xk ——=> — Ly —> Yk
2k ——> — L2k —> — = Yok
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Sekil 2. Iki Asamal1 Etkinlik Ol¢iimii (Kao ve Hwang, 2008)

Seiford ve Zhu (1999), bu siirecin etkinligini 6l¢gmek
amaciyla birinci alt siireg i¢in, ikinci alt siire¢ i¢in ve tiim
stireg i¢in olmak {izere toplam {i¢ VZA modeli olusturmus
ve bunlar1  birbirinden bagimsiz  bir  sekilde
degerlendirmigtir. Bdylelikle, eger ana siiregte bir
etkinsizlik  varsa bunun kaynagimi  belirlemeye
calismiglardir. Ancak tiim siirecin etkinligini 6lgen genel
etkinlik modeli ara degiskenleri dikkate almadig1 igin, bazi
karar degiskenleri alt siireclerde etkinsiz oldugu halde
genel anlamda etkin olarak belirlenmistir. Bu durum
celiskili sonuglarin ortaya ¢ikmasina neden olmus ve
sonuglarin uygulanabilirligini zorlagtirmistir.

Chen ve Zhu (2004), bu problemi ortadan kaldirmak
amaciyla alt siiregleri tek bir VZA modeli igerisinde
toplamig ve birlikte degerlendirmistir. Bu yaklasimda
birinci alt siire¢ girdi yonelimli, ikinci alt siire¢ ise ¢ikti
yonelimli olarak modellenmistir. Boylelikle, tiim siirecin
etkin olabilmesi, ancak ve ancak alt siireglerin de etkin
olmasi sartina baglanmigtir. Bu yaklagim ayni zamanda
ara degiskenler i¢in optimal hedef belirlemeye de yardimei
olmustur.

Chen ve Zhu'nun (2004) gelistirdigi iki asamali
yaklasim asagidaki gibi modellenmektedir. Dikkat
edilecegi gibi bu modelde birinci asama girdi yonelimli,
ikinci agama ise ¢ikt1 yonelimlidir.

Amag Fonksiyonu mn=a-—f
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lexij Sax; j=1,..n

n
lezdj =2q; j=1,..,n
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a: Birinci siirecin etkinlik puant

B: Ikinci siirecin etkinlik puant

x: Birinci strecin girdisi

z: Ara degisken (Birinci stirecin giktisi, ikinci stirecin girdisi)

y: Ikinci siirecin giktist

Seiford ve Zhu (1999) tarafindan gelistirilen iki-
asamali VZA yaklagimina bagka bir alternatif ise Kao ve
Hwang (2008) tarafindan Onerilmistir. Yazarlar, ara
degiskenler nedeniyle tiim siireglerin birbirleri ile iliskili
oldugunu belirterek, bu iligkileri dikkate alan iligkisel bir
“iki agsamali VZA” yaklagimi gelistirmiglerdir. Gelistirilen
bu yaklagimda tiim siirece ve alt siireglere ait VZA
modelleri tek bir modelde birlestirilmistir. Modeller
arasindaki iliskinin kurulabilmesi amaciyla da her bir
girdi-gikti degiskenine hangi modelde ve hangi rolde
olduguna bakilmaksizin ayni g¢arpanlar verilmistir. Bu
yaklasimda genel etkinlik, alt siire¢lerin etkinliginin bir
rtinii olup, her ikisinin ¢arpimina esittir. Yani bir karar
biriminin genel etkinlik puani, iki alt siirecin etkinlik
puanlariin carpilmasi ile tespit edilmektedir. Kao ve
Hwang (2008) tarafindan gelistirilen iliskisel iki agamali
yaklasim asagidaki gibi modellenmektedir.

S

6= maxz U Vi

r=1

r=1 12

q m
przm- —Zvixij <0 j=1,..,n
p=1 i=1

Uy, Vi, Wy 2 &, r=1,..,s i=1..m p=1,..,q
x: Birinci stirecin girdisi
z: Ara degisken (Birinci stirecin giktisi, ikinci stirecin girdisi)
y: Ikinci siirecin giktist

Uy, vy, Wyt Agirliklar

Bu yaklagim farkli etkinlik modelleri arasindaki
iliskileri dikkate almaktadir. Ayrica, bu yaklasimda karar
birimlerinin genel etkinlik skorlar, iki alt siirecin
etkinliklerinin ¢arpimina esit olmaktadir. Yani bir karar
biriminin etkinligi, alt siireclerinin bir iriiniidir.
Boylelikle eger genel siirecte bir etkinsizlik varsa, bunun
kaynag1 daha net bir sekilde tespit edilebilmektedir. Bu
avantajlarindan otiirii Kao ve Hwang (2008) tarafindan
onerilen iliskisel iki asamali VZA yaklasimi1 Chen ve Zhu

(2004) tarafindan oOnerilen yaklagimdan daha saglikli
sonuglar iiretebilmektedir.

3. ARASTIRMANIN YONTEMIi

Arastirma Akport, Hopaport, Giresun, Ordu, Riport,
Alport, Dikili, Bandirma, Haydarpasa, [zmir, Samsun,
Derince ve Iskenderun olmak iizere 13 Tiirk limanim
kapsamaktadir. Aragtirma kapsaminda liman
operasyonlarma yonelik {ii¢ farkli etkinlik boyutu
belirlenmistir. Bunlardan birincisi, “operasyonel etkinlik”
olup, limanlarin sahip olduklar: gesitli altyap1 ve {istyap1
kaynaklar1 ile maksimum seviyede yiik ellecleyip
elleclemedigini ve maksimum sayida gemiye hizmet verip
vermedigini sorgulamaktadir. Bir diger etkinlik boyutu ise
“finansal etkinlik” olup, elleglenen yiiklerden ve hizmet
verilen gemilerden maksimum gelir elde etmeyi
amaglamaktadir. Ugiincii ve son etkinlik boyutu ise “genel
etkinlik” olarak  adlandirilmistir.  Genel etkinlik,
limanlarda yiik elleclemek ve gelen gemilere hizmet
vermek amaciyla kullanilan kaynaklar ile maksimum
seviyede gelir elde etmeyi amaglamaktadir.

Limanlarin operasyonel etkinligini 6lgmek amaciyla
bes girdi ve iki ¢ikt1 kullanilmistir. Bu modelin girdileri
terminal alani, rihtim uzunlugu, ving sayisi, forklift sayisi
ve isgiicli iken, ¢iktilari ise elleclenen yiik miktari ve
hizmet verilen gemi sayisidir. Finansal etkinlik ise iki girdi
ve bir ¢ikt1 ile 6l¢iilmiistiir. Bir 6nceki asamanin ¢iktilari
olan elleglenen yiik miktar1 ve hizmet verilen gemi sayisi,
bu asamanin girdisini teskil ederken, limanlarin elde
ettikleri toplam gelir de bu siirecin ¢iktisini olugturmustur.
Genel etkinlik modeli ise terminal alani, rihtim uzunlugu,
ving, forklift ve isgiicii girdilerinden ve toplam gelir
¢iktisindan  olusturulmustur.  Arastirmada  kullanilan
girdiler ve ¢iktilar Tablo 1°de gosterilmistir.

Tablo 1. Arastirmada Kullanilan Girdiler ve Ciktilar

Girdiler Ciktilar
Operasyonel Terminal alani Yiik miktari
Etkinlik

Rihtim uzunlugu Gemi sayi1s1

Ving sayisi

Forklift sayisi

Isgiicii

Finansal Etkinlik Yiik miktari Toplam Gelir
Gemi sayist

Genel Etkinlik Terminal alan1 Toplam Gelir

Rihtim uzunlugu
Ving sayisi
Forklift say1st
Isgiicii
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Liman etkinliklerinin  Ol¢iilmesi amaciyla, bu
arastirmada geleneksel tek asamali etkinlik Ol¢iim
modelinin yani sira, iki agamali bir model de kullanilmis
ve her iki teknigin sonuglari karsilagtirilmistir. Tek
asamal1 etkinlik 6l¢timiinde, operasyonel etkinlik, finansal
etkinlik ve genel etkinlik birbirinden bagimsiz bir sekilde
Olciilmiis ve ayr1 ayri degerlendirilmistir. Bu analizlerde,
hem teknik hem de oOlcek etkinligini 6lgmek amaciyla
Charnes vd. (1978) tarafindan Onerilen orijinal Olcege
sabit getirili VZA teknigi kullamlmistir. Iki asamali
etkinlik d6l¢iimiinde ise operasyonel etkinlik ile finansal
etkinlik  birbirini  takip eden  siiregler olarak
degerlendirilmis ve ayni model igerisinde Ol¢iilmiistiir.
Liman etkinligini iki asamal1 olarak 6lgmek amaciyla Kao
ve Hwang (2008) tarafindan gelistirilen iligkisel iki
asamali VZA yaklasimi kullanilmistir. Ancak, bu
yazarlardan farkli olarak, bu calismada girdi yonelimli
degil, cikt1 yonelimli bir model tercih edilmistir. Cikti
yonelimli iligkisel iki asamali VZA yaklasimi asagidaki
gibi modellenmistir.

%

r=1 i=1

q m
przpj—ZvixUSO j= n
p=1 i=1

Bu bilgiler 1s18inda iki asamali etkinlik modeli Sekil
3’teki gibi kurulmugtur. Buna gore, birinci asamada,
limanlarin mevcut altyapt ve {istyapt kaynaklar1 ile
maksimum seviyede yiik ellecleyip maksimum sayida
gemiye hizmet verip vermedikleri sorgulanmstir. ikinci
asamada ise limanlarin ellegledikleri mevcut yiik miktar
ve hizmet verdikleri gemi sayisi ile maksimum seviyede
gelir elde edip etmedikleri arastirilmistir. Dolayisiyla her
iki asama da c¢ikti yonelimli olarak modellenmistir.
Boylelikle, her iki asamanin birlikte degerlendirilmesiyle
beraber, iki agsamali liman etkinlik modeli olusturulmus
olmaktadir.

Genel Etkiniik

[ |

Terminal Alam —f—> —
Rihtim Uzunlugu . vk Miktan omsal
Ving Sayisr  —f- | Operosvonel | TR —|  finonsel L aplam Gelir
Etkinlik Gemi Sayisi Etkinlik
Forklift Sayisi
isguc —|— —

Sekil 3. Tki asamal1 liman etkinlik modeli

Analizlerde kullanilan veriler 2010 yilina ait olup, bir
kismi Tiirkiye Denizcilik Isletmeleri A.S, Ozellesen
Limanlar Takip Isleri Dairesi Baskanligi’ndan, bir kismi
ise ilgili limanlardan bireysel basvuru ile temin edilmistir.

4. ANALIZ VE BULGULAR

Aragtirmanin  analizleri iki safhada yapilacaktir.
Oncelikle limanlarin operasyonel etkinligi, finansal
etkinligi ve genel etkinligi tek asamali VZA yaklagimi ile
ayr1 ayri Olciilecek ve degerlendirilecektir. Daha sonra ise
ellegleme etkinligi ile finansal etkinlik birbirini takip eden
bir stire¢ olarak degerlendirilecek ve ayni veri setine Kao
ve Hwang (2008) tarafindan gelistirilen iliskisel iki
asamali VZA modeli uygulanacaktir.

Limanlarin tek agsamali etkinlik skorlart Tablo 2’de
gosterilmis ve Sekil 4’te gorsellestirilmigtir. Limanlarin
operasyonel ve finansal etkinlikleri ayr1 ayr
degerlendirildiginde, operasyonel etkinligin finansal
etkinlige gore daha yiiksek oldugu goriilmektedir
(swrasiyla 0,69 ve 0,33). Yani limanlar, genel anlamda,
altyap1 ve ustyapi kaynaklarini yiik elleglemede ve gemi
hizmetinde daha etkin bir gekilde kullanirken, elleglenen
yiiklerden ve hizmet verilen gemilerden gelir elde etme
noktasinda daha diisiik bir performans sergilemektedirler.

Akport, Ordu, Dikili, Bandirma ve Izmir limanlari
operasyonel etkinlikte tam puan alirken, Haydarpasa ise
0,26 puan ile en diigiik performansi sergileyen liman
olmustur. Bu sonug, Haydarpaga Limani’nin kaynaklarin
yeterince etkin bir sekilde kullanamadigini, mevcut
altyap1 ve lstyap1 kaynaklari ile %74 daha fazla yik
elleclemesi ve daha fazla gemiye hizmet vermesi
gerektigini gostermektedir.

Diger yandan, her ne kadar bes liman operasyonel
asamada etkin ¢ikmis olsa da, sadece Haydarpasa liman
finansal anlamda etkin ¢ikmistir. Haydarpasa Limani her
ne kadar ellegleme kaynaklarin1 etkin bir sekilde
kullanamiyorsa da, ellecledigi yliklerden ve hizmet verdigi
gemilerden gelir elde etme bakimindan yiiksek bir
performans sergilemistir. Samsun Limani’nin ise 0,07
puanla bu anlamda en etkinsiz liman oldugu tespit
edilmistir.

Genel etkinlik skorlarina bakildiginda ise iki limanin
etkin oldugu goriilmiistiir. Akport ve Izmir limanlari,
finansal etkinlikleri zayif olmasina ragmen genel anlamda
etkin olarak belirlenmistir. Samsun limani, genel
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Geleneksel VZA’nin bu kisitinin iistesinden gelmek
icin ayn1 veri setine iliskisel iki asamali VZA yaklasimi
uygulanmistir. iki asamali VZA sonucunda elde edilen
etkinlik puanlar1 Tablo 3’te gosterilmistir. Tablodaki
ikinci siitun operasyonel etkinligi, iiclincii siitun ise
finansal etkinligi gostermektedir. Dordiincii siitunda ise
genel etkinlik puanlar1 gosterilmistir. Dikkat edilirse genel
etkinlik puani operasyonel ve finansal etkinlik puanlarinin
carpimina esittir.

Genel etkinlik skorlarina bakildiginda higbir limanin
tam etkin olmadig1 goriilmektedir. Finansal etkinsizligine
ragmen tek asamali VZA’da etkin ¢ikan Akport ve Izmir
limanlari, iki asamali VZA uygulandiginda daha diigiik
etkinlik skoru almustir (sirasiyla 0,32 ve 0,60). Yani
iligkisel iki agsamali VZA modelinde bir limanin tam etkin
olabilmesi i¢in, iki alt siirecin de tam etkin olmasi
gerekmektedir. Eger alt siireglerden birisinde bir
etkinsizlik s6z konusuysa, ilgili karar biriminin genel
etkinligi diigiik olmaktadir. Boylelikle, birbirini takip eden
siiregler s6z konusu oldugunda iliskisel iki asamali
VZA’nm liman etkinliklerini daha saglikli bir sekilde
degerlendirmeye imkan verdigi gorilmistiir. Bununla
beraber Izmir Limam, tiim limanlar igerisinde 0,60 puanla
en yiiksek etkinlige sahip liman olarak belirlenmistir.
Akport ise en yiiksek etkinlik puanina sahip ikinci
limandir.

Tablo 3. iki Asamali VZA Sonuglari

degerlendirmede de en etkinsiz liman olarak
belirlenmistir.
Tablo 2. Tek Asamali VZA Sonuglari
Limanlar Operasyonel Finansal Genel
Etkinlik Etkinlik Etkinlik
Akport 1,00 0,32 1,00
Hopaport 0,35 0,28 0,31
Giresun 0,44 0,29 0,40
Ordu 1,00 0,29 0,64
Riport 0,51 0,29 0,41
Alport 0,67 0,33 0,58
Dikili 1,00 0,18 0,50
Bandirma 1,00 0,10 0,45
Haydarpasa 0,26 1,00 0,53
{zmir 1,00 0,60 1,00
Samsun 0,57 0,07 0,07
Derince 0,75 0,30 0,39
iskenderun 0,43 0,24 0,19
Ortalama 0,69 0,33 0,50
1,00 T — 2
0,90 J/r
0,80 5
0,70 4{
0,60 ,,g, 2
0,50 4{
0,40 Jgf
0,30 -
0,20 -
0,10
0,00 e
L £S5 3LLEegEsS g g
82825382 E8E82c:3
X © o 5 o = g T
< 8 = x < S & G U ©
o O S © w 0O g
T o ~
(%)
T L

# Operasyonel Etkinlik # Finansal Etkinlik
Genel Etkinlik

Sekil 4. Tek Asamali Etkinlik Skorlart

Tablo 2’den goriilecegi gibi, Akport ve Izmir limanlari,
finansal performanslar1 zayif olmasma karsin genel
anlamda etkin ¢ikmislardir. Bunun en biiyiik nedeni, genel
etkinlik modelinin ara degiskenleri yani elleclenen yiik
miktarin1 ve hizmet verilen gemi sayisimi dikkate
almamasindan kaynaklanmaktadir. Bu durum, saglikli bir

Limanlar Operasyonel Finansal Genel
Etkinlik Etkinlik Etkinlik
Akport 1,00 0,32 0,32
Hopaport 0,35 0,28 0,10
Giresun 0,44 0,29 0,13
Ordu 1,00 0,29 0,29
Riport 0,51 0,28 0,14
Alport 0,67 0,33 0,22
Dikili 1,00 0,18 0,18
Bandirma 1,00 0,10 0,10
Haydarpasa 0,26 1,00 0,26
zmir 1,00 0,60 0,60
Samsun 0,48 0,07 0,03
Derince 0,75 0,27 0,20
iskenderun 0,43 0,23 0,10
Ortalama 0,68 0,33 0,21

Iliskisel iki asamali VZA modeli, liman etkinliklerini

olarak

sira  liman

karsilagtirmali O0lgmenin  yant

etkinsizliginin kaynagmi gostermeye de yardimci
olmaktadir. Ornegin genel etkinlik puan1 0,60 olan izmir

etkinlik degerlendirmesi yapilmasini engellemektedir.
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Limani’na bakildiginda, etkinsizliginin ikinci asamadan
kaynaklandigi goriilmektedir. izmir Limani finansal
performansini iyilestirdigi takdirde genel etkinlik puani da
yiikselecektir. Akport, Ordu, Dikili ve Bandirma limanlar1
icin de aynt durum gecerlidir. Haydarpasa Limani’nin
etkinsizligi ise birinci agamadan kaynaklanmaktadir.
Haydarpasa Limani’ndaki altyapi ve iistyap1 kaynaklar
daha etkin bir sekilde kullanilarak genel etkinlik puani
artirilabilir.

Diger limanlar ise (Hopaport, Giresun, Riport, Alport,
Samsun, Derince ve Iskenderun) her iki asamada da
etkinsizdir. Dolayisiyla bu limanlarin her iki agamay1 da
iyilestirmesi gerekmektedir. Ornegin Derince limaninin
operasyonel etkinligi 0,75, finansal etkinligi ise 0,27dir.
Buna gore Derince limanmin genel etkinsizliginin asil
kaynaginin ikinci asamadan kaynaklandig goriilmektedir.
Ancak bu limaninin tam etkin olabilmesi igin sadece ikinci
asamayl degil, birinci asamayr da iyilestirmesi
gerekmektedir. Analiz sonuglarina goére birinci asamay1
%235, ikinci agamayi ise %73 iyilestirdigi takdirde etkin bir
liman olacaktir. Benzer yorumlar1 ve degerlendirmeleri
diger limanlar i¢in de yapmak miimkiindiir.

5. SONUC VE DEGERLENDIRME

Bu aragtirmada liman etkinligini 6l¢mek amaciyla iki
asamali bir model 6nerilmistir. Birinci agsama limanlarin
yiik elleglemek ve limana gelen gemilere hizmet sunmak
i¢in kullandig1 kaynaklarin etkinligini 6l¢meyi amaglayan
operasyonel etkinlik, ikinci asama ise elleglenen
yiiklerden ve hizmet verilen gemilerden optimal gelir elde
edilip edilmedigini sorgulayan finansal etkinliktir.
Operasyonel etkinligin ¢iktisi olan yiik miktar1 ve gemi
sayist,  finansal  etkinlik  modelinin  girdisini
olusturmaktadir. iki model arasindaki bu iliski dikkate
almarak, liman etkinlik 6l¢iim modelinde Kao ve Hwang
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Abstract

Environment is one of the gripping topic with the importance of the protection of it for future generations. In recent years, greenhouse gas
emissions are important threat for environment. Within greenhouse gas emissions, CO2 emissions takes big share. On the other hand, in the
global World capital movements gain speed and foreign direct investment inflows gradually increase in Turkey. To this respect, we need to
think about possible effects of these investments to environmental quality of country. In this sense, this paper examines the relationship
between foreign direct investment inflows and CO2 emissions for Turkey. The study covers 1980-2011 period. The Bounds test developed
by Pesaran et al. (2001) is applied to investigate the relationship between series for given period of time. According to bounds test results,
there is no cointegration relationship between foreign direct investment inflows and CO: series for Turkey. In other words, in the long term
fdi inflows and CO2 emissions do not move together.

Keywords: Foreign Direct Investments, ARDL, Carbondioxide emissions.
Jel Code: EO0

TURKIYE’DE DOGRUDAN YABANCI YATIRIMLAR ILE
KARBONDIOKSIT EMISYONU ARASINDAKI ILISKININ ARDL
YAKLASIMI ILE ARASTIRILMASI

Ozet

Cevre, gelecek nesiller igin korunmasinin 6nemli olmasi bakimindan ilgi ¢ekici konulardan biridir. Son yillarda, sera gazi emisyonlari gevre
i¢in 6nemli bir tehdittir. Sera gazi emisyonlar1 i¢inde de karbondioksit emisyonlari biiyiik pay almaktadir. Diger taraftan, kiiresel diinyada
sermaye hareketleri hiz kazanmaktadir ve Tiirkiye’ye gelen dogrudan yabanci yatirnmlar giderek artmaktadir. Bu noktada, bu yatirimlarin
iilkenin c¢evresel kalitesine olas1 etkileri hakkinda diisiinmemiz gerekir. Bu baglamda, bu ¢aligma Tiirkiye i¢in dogrudan yabanci yatirim
akimlar ile karbondioksit emisyonlar1 arasindaki iliskiyi incelemektedir. Calisma 1980-2011 periyodunu kapsamaktadir. Verilen zaman
dilimi i¢in seriler arasindaki iligkinin incelenmesinde Pesaran vd (2001) tarafindan gelistirilen Sinir testi kullanilmistir. Siir testi
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sonuglarina gore, Tiirkiye i¢in dogrudan yabanci yatirim akimlari ile CO2 serileri arasinda esbiitiinlesme iligkisi yoktur. Diger bir deyisle,

uzun dénemde fdi akimlari ile CO2 emisyonlar birlikte hareket etmezler.
Anahtar Kelimeler : Dogrudan Yabanci Yatuirim, ARDL, Karbondioksit emisyonlart

Jel Kodu : EO0

1. GIRIS

Ekonomik  kalkinma siireci, insan emeginin
verimliligini ve etkinligini arttirmak iizere daha fazla
enerji kullanilmas: siirecidir. Giiniimiizde, diinya sinai
iiretiminin biiytik bir kismi fosil yakitlardan (kdmiir, petrol
ve dogal gaz) elde edilmektedir. Bu yakitlar
kullanildiklarinda, atmosfere, diger maddelerin yani sira,
karbondioksit gazi (CO;) salarlar. Fosil yakitlarin
kullanilmasiyla salinan karbondioksitin yaklasik yarist
atmosferde bilfiil tespit edilmis olup; geri kalanin ise basta
deniz sularinin yiizeysel tabakalar1 tarafindan emildigi
tahmin edilmektedir (Sarisoy ve Yildiz, 2013: 1).

Giintimiizde insanligin kars1 karsiya kaldigi en biiyiik
ve en Onemli sorunlardan biri ¢evre sorunlaridir
(Hayrullahoglu, 2012: 2). Ogzellikle 20. yiizyilda
gergeklegen sanayilesme ve hizli teknolojik gelisme ile
iiretimin ve tiikketimin hizla artmasi sonucu; hava, su ve
toprak hizla kirlenmeye, dogal kaynaklar bozulmaya ve
tikenmeye baslamig ¢evrenin kendini toparlayabilme
glicii zarar gormistiir (Mutlu, 2006: 62). Yasanan ¢evresel
sorunlarin en Onemlilerinden birisi kuskusuz kiiresel
isinmadir. Kiiresel 1sinmaya bagli olarak yasanan iklim
degisikligine neden olan ¢ok sayida faktdr olmakla
birlikte, bu faktorler arasinda sera gazi 6nemli bir paya
sahiptir (Hayrullahoglu, 2012: 2). Sera gazlari i¢erisindeki
en bilyiik pay ise %75-80 ile karbondioksite aittir (Cevre
ve Sehircilik Bakanligi, 2011:5).

Gelismisg tlkeler egemen konumlarint siirdiirmek,
gelismekte olan tilkeler ise, geligmis iilkelere yetisebilmek
i¢in tiim giigleri ile kalkinma, iiretme, tiikketme yarigina,
¢evrenin bozulmasi pahasina, girmislerdir. Kiiresellesme
stirecinin baglamas1 ile uluslararasi ticareti kisitlayan
mekanizmalarin kaldirilmasi, sermayenin akiskanligi vb.
ile ulusal ve oOzellikle ¢ok uluslu sirketler ucuz isgiicii
nedeniyle {iretimlerini  gelismekte olan {ilkelere
kaydirmiglardir. Ancak, isgiicii maliyeti, sirketlerin tiretim
kararlarini etkileyecek faktdrlerden sadece birisidir. Bu
sirketlerin bilyiik kismi, dogal kaynaklarin ¢ikartilmasi,
islenmesi ve imalat sektorlerinde yogunlagmiglardir.
Baglica faaliyet alanlar1  petro-kimya, otomotiv,
elektronik, lastik, ilag, tiitiin ve gida maddeleri tretimi
olarak sayilabilir. Bu sektdrler en ¢ok c¢evre sorununa
neden olan sektorlerdir. Gelismekte olan tilkelerin temel
hedefi kalkinmadir; g¢evre politikalar1 uygulayarak bu
hedefi tehlikeye atmaktan ve yabancit sermayeyi
kacirmaktan  kacinmaktadirlar.  Bu  durum,  kirli
endiistrilerin gelismis lilkelerden gelismekte olan iilkelere

kaymasina neden olmaktadir (Mutlu, 2006: 62). Ayrica
yiiksek biliyiime oram1 da ¢evresel kirlilige neden
olacagindan, ¢evre kirliligini ele alan politikalar
maliyetleri azaltmak ve yatirimlarin etkinligini artirmak
i¢in bazi1 dnceliklerin belirlenmesini gerektirir (Halicioglu,
2009: 1163).

Ortaya ¢ikan tiim bu olumsuzluklar neticesinde diinya
genelinde bir farkindalik olusmus ve tlkeler acil 6nlem
alma konusunda harekete ge¢mislerdir. Bu asamada iklim
degisikligine yol agan emisyonlarin azaltilmas: konusunda
atilan en 6nemli adimlardan biri “Kyoto Protokolii”diir.
Bu protokol, Birlegsmis Milletler tarafindan hazirlanan
Iklim Degisikligi Cerceve Sozlesmesi’nin, sdzlesmenin
amag ve ilkelerinin uygulanip gelistirilmesi amaciyla her
yil  diizenledigi “Taraflar Konferansi’nin” ii¢iincii
ayaginda imzalanan protokoldiir (Giines, 2010: 60-61).

2. DOGRUDAN YABANCI YATIRIM VE KARBON
EMISYONU

Ekonomik geligsme artik kiireseldir (Pao ve Tsai, 2011:
685). Kiiresellesme ile birlikte dogrudan yabanci yatirim,
gelismis ve gelismekte olan lilkelerde ekonomik biiyiime
ve verimlilik i¢in 6nemli bir tesvik edici unsur haline
gelmistir (Tintin, 2013: 287). Dogrudan yabanci yatirimin
ekonomik biiylimenin artmasinda ¢ok 6nemli olduguna
inantlir, ¢linkii dogrudan yabanci yatirim sermaye,
teknoloji ve uzmanligr ev sahibi {ilkeye getirir (Almfraj,
vd., 2014: 1040). Dogrudan yabanci yatirimlar gelismekte
olan filkeler tarafindan ileri teknolojilere erigim igin bir
yoldur ve dogrudan yabanci yatirim teknoloji transfer
edilmesinde Onemli bir aragtir ve bilylimeye yerli
yatirirmdan daha ¢ok katki saglar (Borensztein vd., 1998:
116-117).

Ancak bu ekonomik iligkiler ve ticaret aktiviteleri
devam ederken cevre kirliligi bilim adamlarinin odaginda
olmustur (Ren vd., 2014: 123-124) ve bu durumun
arkasina  gizlenen ¢evresel problemler gdzden
kagirilmamalidir (Pao ve Tsai, 2011: 685). Cagimizin en
onemli  cevresel  problemi  kiiresel  1simnmadir.
Karbondioksit, kiiresel 1sinmaya neden olan ana sera gazi
olarak degerlendirilir ve karbondioksit saliniminin
diizenlenmesi hiikiimetlerarasi 6nemli bir konudur (Pao ve
Tsai, 2011: 685). Cin Ticaret Bakanligi’nin agikladig
rapora gore, Cin 2010 yilinda dogrudan yabanci yatirim
alan ikinci ilke olmustur. Bununla birlikte karbon
emisyonu da bu ekonomik biiylimeye eslik etmistir (Ren
vd., 2014: 123-124). Ekonomik biiyiime ve enerji titkketimi
arttikga karbon emisyonu da artmaktadir (Shahbaz vd.,
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2013: 115). Gelismekte olan tlkeler, karbondioksit
salmimiyla dogal olarak cevresel kotiilesme sikintisi
cekmektedirler. Ayn1 zamanda gelismekte olan iilkelere
dogrudan yabanci yatirim girisi ile bu iilkeler cevresel
olarak daha da kirli hale gelmektedir. Bu konular diinya
genelinde yogun ve siddetli tartismalara neden olmustur
(Ren vd., 2014: 123).

Gergekten, gelismekte olan iilkelere dogrudan yabanci
yatirim girisinin artmasi, herhangi bir c¢evresel etkiye
sebep olacak m1 gibi 6nemli bir soruyu akla getirir. Ancak,
dogrudan yabanci yatirimin rolii ters te olabilir, dogrudan
yabanct yatirnm diisiik karbon teknolojisi getirdiginde
veya dogrudan yabanci yatirimlar hizmet sektoriine
odaklandiginda karbon emisyonu bir biitiin olarak azalir
(Chandran ve Tang, 2013: 446). Dogrudan yabanci
yatirim, temiz enerji kaynaklarinin gelismesini ve enerji
etkinligini artirmak igin, yeni teknolojilerin gelismesine
ve yeni yesil biiylime modellerine yardimci olabilir. Ayni
zamanda dogrudan yabanci yatirim iilkelerin ¢evresel
problemleri ele alma yeteneklerini artirir ve isletmeye,
topluma ve hiikiimete fayda saglayan teknolojilerin ve
yesil iiriinlerin icat edilmesine yol agar. Bu yatirimlar ile
birlikte gelen teknolojik ilerleme temiz enerji
kullaniminda hizli bir ilerlemeye ve temiz enerji
kaynaklarimin gelismesine yol agabilir, bunun sonucunda
da karbon emisyonu azalir (Lee, 2013: 488).

3. LITERATUR

Acharyya (2009), Hindistan’da 1980-2003 yillarina ait
verileri kullanarak dogrudan yabanci yatirim ile ¢evre
kirliligi arasindaki iliskiyi aragtirmistir. Sonugta dogrudan
yabanci yatirim ile ekonomik biiyiime ve g¢evre kirliligi
arasinda istatistiki bakimdan anlamli bir iliski
bulunmustur.

Blanco vd. (2011), 1980-2007 yillarina ait verilerle 18
Latin Amerika {ilkesinde dogrudan yabanci yatirnm ve
karbon emisyonu arasindaki iligkiyi arastirmiglardir.
Caligmada panel veri analizi ve Granger nedensellik testi
kullanilmistir. Sonugta dogrudan yabanci yatirim ile
karbon emisyonu arasinda  nedensellik  iliskisi
bulunmustur.

Al-mulali (2012), 12 Orta Dogu iilkesinde (Bahreyn,
Misir, Iran, Urdiin, Kuveyt, Liibnan, Umman, Suudi
Arabistan, Katar, Suriye, Birlesik Arap Emirlikleri ve
Yemen) karbon emisyonunu etkileyen temel faktorleri
arastirmistir. 1990-2009 yillarii kapsayan veri setinde
panel veri analizi kullanilmistir. Elde edilen sonuglara
gore toplam enerji tiiketimi, dogrudan yabanci yatirim
girigi, gayri safi yurt i¢i hasila ve toplam ticaret incelenen
iilkelerde karbon emisyonunu artiran 6nemli faktorlerdir.

Al-mulali ve Sab (2012), 19 iilkede ekonomik ve
finansal  gelismede  enerji  tliketiminin  etkisini
aragtirmiglardir. 1980-2008 yillarina ait verilerle panel
model tahmin edilmistir. Sonuglara gore, enerji tiiketimi

bu ilkelerde finansal ve ekonomik gelismeyi
etkilemektedir. Bununla beraber, bu iilkelerdeki yiiksek
gelisim karbon emisyonunu da artirmaktadir.

Zeng (2012), 1990-2005 yillarina ait verilerle dogrudan
yabanct yatirnmlarin 48 iilkede ¢evresel etkilerini
aragtirmistir. Elde edilen sonuglara gore, dogrudan
yabanct yatirim, yatirrm alan iilkede ¢evrenin bilingli
kullanilma seviyesini artiracaktir.

Mahmood ve Chaudhary (2012), dogrudan yabanci
yatirrm ve niifus yogunlugunun karbon emisyonu
iizerindeki etkisini arastirmiglardir. Calismada 1972-2005
yillarina ait veriler kullanilmis ve kisa ve uzun dénemli
iliskinin ortaya konulmasi icin ARDL smir testi
yapilmistir. Degigkenler arasinda uzun doénemli iligki
bulunmus fakat kisa donemli iligki bulunamamistir. Elde
edilen sonuca gore, dogrudan yabanci yatirim ve niifus
yogunlugu karbon emisyonu iizerinde pozitif etkiye
sahiptir.

Lee (2013), 19 G20 iilkesine ait 1971-2009 verilerini
kullanarak dogrudan yabanci yatirim girisinin temiz enerji
kullanimi, karbon emisyonu ve ekonomik biiylime
iizerindeki etkisini aragtirmistir. Yapilan ¢aligmada panel
veri analizi ve esbiitiinlesme testleri kullanilmistir. Elde
edilen sonuglara gdre, dogrudan yabanct yatirim
ekonomik biiylime {izerinde Snemli bir etkiye sahiptir.
Fakat dogrudan yabanci yatirim karbon emisyonunun artig
etkisini sinirlandirmaktadir. Dogrudan yabanci yatirim ile
temiz enerji kullanimi arasinda ise kesin bir iliski
bulunamamustir.

4. VERI SETI

Caligsmada kullanilan model asagidaki gibidir;

co02 =a, +a,fdi +¢

c02:: Karbondioksit emisyonlaridir. Milyon metrik ton
birimiyle ifade edilmistir.

fdi: Turkiye’ye yapilan dogrudan yabanci yatirim
giriglerini temsil etmektedir.

Kullanilan veriler 1980 — 2011 dénemi Tiirkiye’ye ait
yillik verilerdir. Calismanin bundan sonraki boliimlerinde
karbondioksit emisyonu co2, dogrudan yabanci yatirim
girigleri fdi ile temsil edilecektir.

5. YONTEM VE AMPIiRiK CALISMA

Zaman serileriyle calisirken ilk olarak duraganlik
kavrami karsimiza ¢ikmaktadir. Zira Newbold ve Granger
(1974)’e gore calisilan serilerin duragan olmamasi sahte
regresyon problemine neden olabilir. Bu da sonuglarin
gercek dist olmast demektir. Gujarati (1995) zaman
serilerinde duraganligi, zaman iginde varyansin ve
ortalamanin sabit olmasi ve gecikmeli iki zaman
periyodundaki degiskenlerin kovaryansinin degiskenler
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arasindaki gecikmeye bagli olup zamana bagli olmamasi
seklinde agiklamistir. Bu baglamda, c¢alismanin ilk
asamasini duraganlik testleri olugturmaktadir. Calismada
kullanilan dogrudan yabanci yatirimlar ve karbondioksit
emisyonlari serilerinin duraganlik sinamalar1
Genigletilmis Dickey — Fuller testi kullanilarak
yaptlmigtir. Tablo 1 birim kok testi sonuglarini
vermektedir.
Tablo 1: ADF Birim Kok Testi Sonuglart

Degiskenler Diizey Fark
FDI -10.846

C0o2 -2.762 -5.749
Anlamhlik Diizeyi Kritik Degerler

% 1 -4.284 -4.296
%5 -3.562 -3.568
% 10 -3.215 -3.218

Tablo 1°deki sonuglara gore FDI serisi diizeyde
duragan iken, CO2 serisi diizeyde duragan olmayip birinci
farki alindiginda duragan hale gelmektedir. Diger bir
ifadeyle, FDI serisi [(0), CO2 serisi I(1)’dir.

Degiskenler arasindaki iliskinin incelenmesinde
kullanilan yontemlerden bir tanesi es biitiinlesme
yaklagimidir. Engle ve Granger (1987) ve Phillips ve
Quliaris (1990) ‘in kullandig1 iki — asamali hataya — dayali
yaklasim ve Johansen (1991, 1995) yaklagimi es
biitiinlesme i¢in kullanilmaktadir. Ancak bu yaklasimlar
calistlan serilerin I(1) olmasini gerektirmektedir (Pesaran,
Shin, Smith; 2001). Bu ¢alismada da oldugu gibi farkli es
biitiinlesme derecelerine sahip serilerin incelenmesine
imkadn vermeyen bu yontemler yaninda Pesaran vd.
(2001) es biitiinlesme derecelerini dikkate almay1
gerektirmeyen ~ ARDL  smir  testi  yaklagimim
gelistirmislerdir. Sinir testi yaklagiminda serilerin I(2)
olmasi diginda I(1) ya da 1(0) olmasina bakilmaksizin es
biitiinlesme testi uygulanabilmektedir (Pesaran vd.,
2001:290). Sinir testi yaklagiminin diger bir avantaji da
kiigiik o6rneklemlere uygulanabilmesidir. Az sayida
gbzlem oldugu durumlarda sinir testi yaklagimi: Engle —
Granger ve Johansen es biitlinlesme yaklagimlarindan
daha iyi sonug vermektedir (Pamuk ve Bektag, 2014).

ARDL smur testi yaklagimi, es biitiinlesmenin tespiti,
uzun dénem ARDL modelinin kurulmas: ve kisa dénem
ARDL modelinin kurulmasi olmak iizere ii¢ ana kistmdan
olusur.

Sinir testi yaklasimi igin 6ncelikle kisitlanmamis hata
diizeltme modeli kurulur (unrestricted error correction
model, UECM). Bu modelin bagimli ve bagimsiz
degiskenlerinin birinci gecikmelerine Wald testi yapilarak
elde edilen F-istatistigi Pesaran vd. (2001)’deki alt ve tist
kritik degerleriyle karsilastirilir. Eger elde edilen F-
istatistigi alt kritik degerin altindaysa seriler arasinda es
biitiinlesme  iligkisinin olmadig1 sonucuna ulagilir.

Hesaplanan F-istatistigi alt ve st kritik degerler
arasindaysa sinir testi yaklagimi c¢ergevesinde bir yorum
yapilamaz, diger es biitiinlesme testlerinin uygulanmasi
gerekir. Son olarak hesaplanan F-istatistigi tist kritik
degerden fazlaysa seriler arasinda es biitiinlesme
iligkisinin var oldugu sonucuna ulagilir. Bagka bir deyisle
bu degiskenler uzun dénemde birlikte hareket ederler.

flk asamada seriler arasinda es biitiinlesmenin varlig
tespit edilmisse, ikinci adim olarak uzun donem ARDL
modeli kurulur. Bu model uzun donem iliskiyi
belirlememize olanak verir. Uzun dénem ARDL
modelinin kurulmasti igin dncelikle gecikme uzunlugunun
belirlenmesi gerekmektedir. Bunun igin de Akaike,
Schwarz ve Hannan-Quinn gibi kritik degerlerden
yararlanilir (Karagél, Erbaykal, Ertugrul, 2007). En kiigiik
kritik degeri saglayan gecikme uzunlugu belirlenir ancak
secilen kritik degerin en kiigiik oldugu gecikme uzunlugu
ile olusturulan modelin  otokorelasyon  problemi
icermemesi gerekir. Bu durumun tespiti i¢in LM testi
uygulanir. Test sonucunda otokorelasyon tespit edilmisse
ikinci en kiigiik kritik degeri saglayan gecikme uzunlugu
secilir ve tekrar LM testi uygulanir. Ve sonugta
otokorelasyon probleminin bulunmadigi en kiigiik kritik
degeri saglayan gecikme uzunlugu ile model kurulur.

Son adimda uzun donem iligkisinden elde edilen hata
terimlerinin bir doénem gecikmeli degerleri de dahil
edilerek kisa donem iligkisinin tespiti igin ARDL
yaklagimina dayali hata diizeltme modeli kurulur.

Caligmamizda smir testinin - uygulanmast  igin
kisitlanmamig hata diizeltme modeli asagidaki gibi
kurulmustur:

AC02 = o, + Z a,Aco2  + Z a, Afdi

i=1 i=0

+a,c02  +a,fdi  +e

Modelde m gecikme uzunlugunu ifade etmektedir.
Calismamizda Schwarz kriteri kullanilarak en kiigiik kritik
degeri saglayan gecikme uzunlugunun 1 oldugu
belirlenmistir. LM testi uygulanarak otokorelasyonun
olmadig: tespit edilmis ve 1 gecikme uzunlugunun
kullanilmast uygun goriilmiistiir. Seriler arasinda es
biitiinlesme iligkisinin var olup olmadiginin belirlenmesi
icin uygulanan smir testi sonuglari Tablo 2’de yer
almaktadir.

Tablo 2: Sinir Testi Sonuglart

k F istatistigi Anlam Alt Stir Ust Sinir
Diizeyi
% 1 6.84 7.84

1 3.077 %5 4.94 5.73
%10 4.04 4.78

Kritik degerler Pesaran vd. (2001)’den alinmustir.
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Tablo 2’de goriildiigii lizere hesaplanan F istatistigi
Pesaran’1n alt kritik degerinden kiigiik oldugu icin seriler
arasinda es biitiinlesme iligskisi olmadigi sonucuna
ulastlmigtir.

Seriler arasinda es biitiinlesme iligkisi
bulunmadigindan diger asamalara gegilmemistir.

1980 — 2011 wyillar1 arasindaki verilere dayanarak
yapilan analiz sonucglarma gore Tiirkiye’de dogrudan
yabanct yatirnm girisleri ve karbondioksit emisyonlari
arasinda bir iligki bulunmamustir.

6. SONUC

Cevre bir kiiresel kamusal maldir. Cevrenin kirlenmesi,
bozulmasi, tiiketilmesi gibi problemlerin ¢oziimii de
kiiresel maldir ve ortak hareket edilmesini gerektirir. Bu
baglamda cevreyi etkilemesi muhtemel olan faktorler
oldukea ilgi ¢ekici bir aragtirma konusudur.

Bu ¢aligmada Tiirkiye i¢in 1980 — 2011 doénemine ait
yillik karbondioksit emisyonlar1 ve dogrudan yabanci
yatirnm girisleri kullanilarak, iilkeye yapilan dogrudan
yabanct yatirnm girislerinin karbondioksit emisyonu
iizerinde bir etkisinin olup olmadigi arastirilmistir.
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Abstract

The aim of this study is an actual foresight analysis of Information Valley in Turkey and its social analysis through scientific methodologies
and interpretation of its outcomes. Computerized Argument Delphi method has been utilized in order to collect the information from social
networks with crowd sourcing approach. The method also supplies the dialectic discussion on the arguments of the contributors. Also the
outcomes achieved from the computerized Argument Delphi has been aggregated and evaluation within the technique. This paper covers
the details of the methodology, demography of the contributors, outcomes and the meaning of outcomes from the job clustering perspective.
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TURKIYE BILISIM VADISININ BILGISAYARLI ARGUMAN
DELFI YONTEMI ILE ONGORULMESI

Ozet

Bu ¢alismanin amaci, son yillarda giindeme gelen Tiirkiye’nin “Bilisim Vadisi” projesinin toplumsal 6ngérii analizini bilimsel yontemlerle
yaparak ¢ikan sonuglarin yorumlanmasidir. Konu hakkinda kitle kaynak kullanilarak sosyal aglar {izerinde konuya ilgi duyan kisilerin
diyalektik tartigmalarina imkan veren bilgisayarli argiiman Delfi yontemi kullanilmis ve elde edilen sonuglar yine bu yontemle birlestirilerek
degerlendirilmistir. Makale kapsaminda, kullanilan metodun detaylari, ulasilan kisiler ve demografik yapisi, elde edilen bulgular ve bu
bulgularin is kiimeleri agisindan anlami agiklanacaktir
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1. GIiRiS

“Tahmin”, uzun yillar insanligin merakini ¢eken
giidiilerden birisi olmustur. Bilinmeyenin tahmin edilmesi
icin yillar boyu insanlik farkli yontemler gelistirmis ve
bilmedigi bilgiye ulagsmak i¢in ugragmistir. Bugiin en
tutarli ve etkili tahmin yontemleri, bilimsel olarak
istatistik ¢aligmalar1 altinda yer almaktadir (Roten &
Roten, 2013). Elde bulunan kisitli veri ile kesin olmayan
ve tam olarak bilinemeyen bilgiye ulagmak i¢in ¢ok farkl
istatistiksel model gelistirilmis ve bu modellerin basarisi,
belirsiz olan bilgiye ulasmadaki kesinlikle ol¢iilmiistiir
(Roberts & Bilderback, 1980).

Sosyal bilimlerde tahmin yontemi, kalitatif ve kantitatif
olarak iki grup altinda incelenebilir. ilk grup altinda ¢ok
farkli analitik ¢alisma, veya insan sezgi ve tecriibesine
dayali ornek bulunabilirken, ikinci yaklagim agirlikli
olarak istatistiksel ¢aligsmalar tarafindan sekillendirilmigtir
(Neuman, 2009). Istatistiksel ¢alismalar ise kendi arasinda
iki genel grup altinda incelenebilir. Birinci grupta farkli
kaynaklardan toplanan sayisal verilerin islenmesi ve
gelistirilen istatistiksel modeller iizerinden bir sonuca
ulagsmas1 s6z konusu iken, ¢ok fazla kullanildig1 igin
insanlarin fikirlerine dayanan ve goriislerini istatistiksel
olarak toplamay1 amaglayan anket caligmalarini gérmek
miimkiindiir (Onwuegbuzie & Collins, 2007) (Seidman,
2005).

Glinimiizde hizla gelisen kitle kaynak c¢alismalar
temellerini insanlarin topluluk halinde bulundugu sosyal
aglar, bloglar veya wikiler gibi web 2.0 kaynaklarma
dayandirmaktadir (Seker & Eryarsoy, 2015). Giintiimiizde
artik milyonlarca insanin sanal diinyalarda olusturdugu
igerikler birer referans olarak kabul edilebilmekte (Seker,
2015b) ve bu kaynaklar {izerinden bilgi yOnetimi
yapilabilmektedir (Seker, 2014). Sosyal aglar iizerinde
yapilan bu ¢aligmalar ise yine istatistik bilimine dayanan
veri madenciligi veya veri madenciliginin birer alt ¢alisma
grubu olan metin madenciligi, web madenciligi, sosyal
medya analizi, duygu analizi (Seker & Al-Naami, 2013)
veya dogal dil igleme gibi konular altinda goriilebilir
(Seker, 2015e).

Kisacast kaynagimi insan goriiglerine dayandiran
caligmalar yapisal olan anket ¢aligmalari veya yapisiz
metinlere dayanan veri madenciligi ¢aligmalari olarak iki
ana grupta toplanabilir. Bu makalenin amaci, Tiirkiye’deki
bilisim diinyas: i¢in énemli bir yere sahip olan “bilisim
vadisi” projesi ile ilgili bir tahmin metodunu, literatiirde
yar1 yapisal olan bilgisayarli argiiman delfi yontemi ile
tahmin etmek ve literatiirde ilk kez 2015 yilinda yer alan
bu yeni yontemi bir gergek Ornek iizerine uygulamaktir
(Seker, 2015a).

Bu makalenin konusu olan akademik ¢alismanin
detaylarina ve sonuglarina gecmeden Once, ¢aligmanin
konusu olan bilisim vadisi projesinin detaylar1 bu alt
boliimde agiklanmustir.

Bilisim vadisi projesi bir bilisim sektoriinii hedeflemis
bir meslek kiimeleme projesi olarak goriilebilir. Diinyada
cok sayida Ornegi olan bilisim meslek kiimelemesi
projeleri genel olarak bulunduklari iilkenin ekonomisine
dogrudan veya dolayli ekonomik katkilar yapmasi ile
taninmaktadir (Acemoglu, 1997). Ayrica is kiimeleri,
isletmeler, devlet ve ¢esitli enstitiiler i¢in paradigma
kaymasina sebep olarak, yeni rollerin ortaya ¢ikmasina
onciilik etmektedir. (Porter, 2000). Ancak giiniimiizde
gelisen iletisim teknolojileri ve internetin etkisi ile is
kiimelerinin anlam1 da degismistir. Ornegin c¢ikis
asamasinda mal sevkiyati maliyetlerini azaltmak ve is
stirecinde bulunan tedarik zincirlerini iyilestirmek gibi
amaglar tasiyan is kiimeleri, sanal diinyada bir anlam ifade
etmemektedir. Bunun yerine ¢ikis asamasinda yer alan
rekabet¢i ortam Onemini arttirarak siirdiirmiistiir. Hatta
rekabet dinamiklerini belirleyen Micheal Porter’a atfen is
kiimelerine bazi kaynaklarda Porterian kiimeler ismi bile
verilmistir (Peters & Hood, 2000). Bununla birlikte bilgi
ekonomisine gegilen giiniimiizde is kiimelerinin anlami
daha ¢ok is siiregleri ile ilgili bilgi transferi, siire¢
paylasimi  ve en oOnemlisi ¢alisan hareketliligini
desteklemektedir (Fallick, Fleischman, & Rebitzer, 2006).
Ayrica is kiimelerinin motivasyon (Seker, 2015d) ve
rekabet agisindan etkileri ve finansal kaynaklara erigim
avantajlar1 da bulunmaktadir. Tiirkiye’de ise uzun yillardir
bilisim alaninda bir is kiimelemesi hedeflenmektedir
ancak bu konudaki planlar henliz somut bir uygulamaya
doniisememistir.

Bu caligmanin ana amaci is kiimeleri ve bilisim
diinyasindaki is kiimelemesi olmamakla birlikte bu
alandaki ¢aligmalara da fayda saglamasi umulmaktadir.
1980’li yillarda baslayan ileri teknoloji endiistri parki
(ITEP)  projesi  kapsaminda  Kurtkdy/Pendik’te
kamulagtirilan alanin yaninda 1990’11 yillarda savunma
sanayii miistesarligt altinda kurulan ITEP Daire
Baskanligi ve biitlin bunlara paralel olarak bdolgede
kurulan Sabiha Gokg¢en Havalimani, Tiirkiye’nin bu
alanda yaptig1 girisimlerden sadece bazilaridir. 1992
yilinda bolgeye ¢ok yakin olan Gebze’de, Gebze Yiiksek
Teknoloji  Enstitiisti  kurularak bolgedeki akademik
caligsma ihtiyacini karsilamas1 hedeflenmistir. Ayrica 2002
yilinda kabul edilen “Teknoloji Bolgeleri Uygulama
Yonetmeligine” gore bolgede ¢ok sayida iiniversite ve
sirketin dahil oldugu bir teknokent projesi baslatilmistir.
Yine Tirkiye’nin bilimsel arastirmalarinda Oncii
kurumlarindan TUBITAK, Marmara Arastirma Merkezi
ad1 altinda bolgeye ¢ok yakin bir konumda olan Gebze’de
konumlandirilmig ve basta devlet kurumlarinin projeleri
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olmak {iizere cok sayida biiyiik Olcekli projeye dahil
olmustur. Biitlin bu proje ve yatirimlara paralel olarak
2015 yilinda “Biligim Vadisi” projesinin temeli bolgeye
¢ok yakin olan Gebze’de atilmistir.

Yukaridaki biitiin bu gelismelere paralel olarak bu
arastirmada, belki de bu gelismelerin hi¢birinden haberi
olmayan internet kullanicilarindan olusan bir kitlenin
bilisim vadisi ile ilgili tahminleri delfi yonteminin bir
¢esidi olan argiiman delfi yontemi ile tahmin edilecektir.
Delfi yontemi orijinal olarak 1944 yilinda, soguk savas
donemindeki Amerikan ordusunun teknolojik
gelismelerinin - tahmin edilebilmesi i¢in, uzmanlarin
goriislerinin birlestirilecegi bir yontem olarak gelistirilmis
ve oyun teorisine dayanan bir yontemdir (Custer,
Scarcella, & Stewart, 1999). Bu yéntemin bir ¢esidi olan
argliman delfi yontemi ise orijinal delfi yonteminden farkli
olarak uzlagsma yerine tartismalara dayanmaktadir.
Argiiman delfi yonteminin, “Bilisim Vadisi” projesi i¢in
uyarlanmast ve bu uyarlamanin internet izerindeki
kullanicilara uygulanmasi ise, kullanicilarin algisi,
projenin duyurulmas: ve bilinirligi, marka degeri veya
Tiirkiye’deki devlet projelerinin algisina kadar giden ¢ok
sayida farkli ¢aligma i¢in katki saglayabilecektir.

2. METODOLOJI VE BILGISAYARLI ARGUMAN
DELFi YONTEMIi

Bilgisayarli argiiman delfi yontemi, temel olarak
yapisal anket calismalar1 ve yapisiz metinler lizerindeki
metin madenciligi ve dogal dil isleme calismalarinin
arasinda, yari yapisal bir yol izlemeyi amaglar. Kaynagini
insan goriislerine dayandirir ve igerigi insanlarin
olusturmasina izin verir. Bu anlamda, bir kitle kaynak
¢aligmasi olarak goriilebilecegi gibi ayni zamanda anket
caligmalart1 kadar kesin sonuglara ulagsmayr da
basarabilmektedir.

,
| )
i Katlimcilar Onceld

ikonu hakkinda Argiimanlandan
| goriislerini olusturulan bir Kaulmeilann
\ vazarlar liste hazirlamr olusturdugu igerik
fizerinden bir

3 H argliman grafinin
! olugturulmas ve
i degerlendirilmesi
| Katihmeilarm,

i

i

Bilgisayarl
Argiiman Delfi
yonteminin bir sorw
ile baglatilmast

listeyi
degerlendirmesi
istenir

i |
| Sitrekli Katihim Asamas! i Sonug Raporlama Asamasi

Baglangig Asamasi

Sekil 1 Bilgisayarli Argiiman Delfi yonteminin temel asamalari

Bilgisayarl1 argiiman delfi yontemi tasarimu itibariyle 3
asamadan olusan ve 5 farkli degerlendirme ve 5 farkli
siralama yontemi iceren ve tartigmalar {izerine kurulu bir
yontemdir. Bu ¢alisma kapsaminda argliman delfi yontemi
iizerinde degisiklige gidilerek yontemin “siirekli katilim
agsamas1” genisletilmis ve 3 farkli soruyu isleyecek hale
getirilmistir. Bu sayede kullanicilarin vermis oldugu
cevaplar ve diger kullanicilarin argiimanlarina vermis
oldugu puanlar degerlendirilerek  stirekli  katilim

asamasinda kullanicilarin en az 3 kere 3 farkli soru igin
donmesi saglanmustir.

Delfi yonteminde bulunan bes farkli birlestirme
yonteminden argiiman kiimesi {izerinde birlestirme iglemi
uygulanarak maksimum alinan yontem kullanilmistir.

Agirlestiritmis — U ml?x RLa

Bu yaklasimda birlestirilmis argiiman listesi, mevcut
argliman listesinde verilen puanlarin en fazlasi alinarak
olusturulur. Denklemde bulunan R ve a degerleri Rt,
puanlar kiimesi ve A arglimanlar kiimesi olacak sekilde
asagidaki denklemde agiklanmuistir:

R:A-A

a, 1,1, €A ve R(ar,1,13) ERE

Ayrica yontemin degerlendirme asamasinda bir graf
yaklasim1 olan en diisiigli disarida birak yaklasim
uygulanmis ve bu sayede en diisiik degere sahip
arglimandan baglanarak sonugta tek bir argiiman kalana
kadar biitiin argiimanlar sistemden silinerek ilerlenmistir.
Bu yontem sonucunda n adet en iyi arglimana ulasilarak
projenin ¢iktisi olarak da kullanilmustir.

3. UYGULAMANIN GELISTIiRILMESI VE
BULGULAR

Uygulama herkese acik bir sekilde internet ortaminda
gelistirilmis ve kullanicilarin uygulamadan haberdar
olmasi sosyal aglar araciligi ile saglanmistir. Genel olarak
Facebook iizerinde konuya yakin olabilecek yonetim
bilisim sistemleri ile ilgili gruplar lizerinden arastirmanin
linki paylasilmistir.

Bilgisayarli argliman delfi yontemi ilk kez ii¢ asamali
soru zincirine gore adapte edilmistir. Bu zincirde bulunan
sorular asagidaki sekilde listelenebilir:

1. Sizce Bilisim Vadisi Projesi en erken kag yilda

faaliyete geger?

2. Sizce, bilisimin hangi faaliyet alanina odaklanmali?
(Ornegin; Yazilim, Is Zekasi, ERP, Donanim veya
nis alanlar vs.)

3. Bilisim Vadisi'nin uzmanlagmis (yetistirilmis)
eleman ihtiyac1 nasil temin edilmeli?

Sistemin internet iizerinden erisilebilmesi i¢in sunucu
tarafi betik dili olarak PHP dili kullanilmis ve veritabani
ihtiyact MySQL ile karsilanmistir. Sistemin ¢ok yogun
kullanicr etkilesiminde bulunmayacagi 6ngoriildigii igin
ve maliyet disiirmek icin teknolojik uygulama seviyesi
miimkiin olan minimum maliyet ile ¢ozllmiistiir. Sonug
olarak sistemin teknik oOzellikleri, proje kapsamindaki
ihtiyaglar1 karsilamig ve bilgisayarli argiiman delfi
yontemi basarili bir sekilde O6rnek problem {izerinde
calistirilmistir.

Sisteme internet iizerinden dogrudan erisim
www.shedai.net/bilisimvadisi adresi iizerinden miimkiin
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olmakla birlikte sistemin ekran goriintiileri Resim 1’de
sunulmustur.

BiLiSIM vADisi

YASAL UYARI: Bu calisma tamamen akademik amagciar hazifafimis

. e - -
olup calismanin giktilary, 8+9- 10 Ekim. 2015 tarihinde Atatirk
Opiversitesinde gergekiestiiiecek olan II. Ulusal Yonetim Bilisim LERI
Kongresinde yer alan “Turkiye Biisim Vadisinin Bilgisayarlt Argiman

**Delfi ile Ongortimesi™ konulu Bildiride yer alacaktir. Kigise! bilgi

ermemeriear ‘ORTALAMASI =

Billgim Vadisi, biligim \ m teknolojilent alanindaki kiresel ve

aras: ve ulusal yatinméilar ve fonlar, 5 > 3 66 =lLotfen alttaki gorislere yidiz verin

konunun muhat m sivil toplum Grgitieri, 6zel sektor ve devieti
tom kamusal alani lie is birligi yapmayr hedefleyen bir projedir:
sizce Neden Tahminioiz [ o<
En iyl intimallerie ancak S yilda sistem
oturabilir. Mevcut sektorin kafa
la da olablilec

Projenin detaylan neleri kapsadigi

e i /adisi Pry ricen kag a. i (4
Sizce Biligim Vadis: erken kag yilda faaliyete geger hasonds biigi olmadgnion doley!

Torkiyedeki politik belirsiziigin, projeyi

uzataca§ini tahmin ediyorum.
_ DEVAM "

Resim 1 Argiiman Delfi Yonteminin Web Arayiizleri arasindaki gegisleri

Resim 1°de gosterildigi tizere kullanicilardan ilk degerlendirdigi son asama gelir. Klasik olarak argiiman
adimda bir tahminde bulunmasi istenip sayisal olarak delfi yonteminde igiincii ekran olan bu ekranda, daha
yapilan tahminler birlegtirilerek (ortalama) tek bir onceden girilen argiimanlar degerlendirildikten sonra
tahminde kullaniciya gosterilmektedir. Katilimeilarin teknigin sona ermesi beklenirken, bilisim vadisi i¢in 6zel
ortalamanin altinda ve iistiinde tahmin yapiyor olmalarina olarak uygulanan bu uygulamada teknik son bulmamakta
gore iki ayr1 kampa ayrildigina dikkat edilebilir. Ardindan ve Resim 2’de sunulan ekran goriintiileri ile devam
katilimeilarin  daha o6nceden girilmis olan goriisleri etmektedir.

Ay e BAZI GORUSLER
Bilisim Vadisi

mSizce, bilisimin hangi faaliyet alanina odaklanmali2
Litfen alttaki goruslere yildiz verin.

Ornegin; Yazilim, Is Zekasi, ERP, Donanim veya nis alanlar vs.
Yazihm
siber glvenlik
Nesnelerin interneti, yapay zeka,

robotlar, enerji, saglik ve finansta
yazihm

Resim 2 Argiiman Delfi Yontemine eklenen ilave adimlar ve degerlendirme
Son olarak {glincii bir argiiman girisi ve

degerlendirmesi istenmekte ve bu islemin adimlart ise

Resim 3°te sunulmaktadir.
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Bilisim Vadisi

Biligim Vadisi'nin uzmanlagmig (yetigtiriimis) eleman ihtiyaa nasil
temin ediimeli?

Universitelerin sadece derslere odakli
degilde, sektdre hazir eleman
yetistirme zihniyetiyle h

BAZI GORUSLER

Utfen alttaki gorislere yildiz verin.

* %ok

Universiteden

Tarkiye'nin egitim sisteminin
iyilestirilerek Universiteler isbas: egitim
programi kapsamin

Resim 3 Biligsim vadisinin eleman ihtiyacini kargilamak i¢in goriislerin girildigi adim

Anket uygulamalarina gore ¢ok daha hizli bir sekilde
cevap verilebilen uygulamaya 305 farkli kisi tarafindan
katillm saglanmig; katilimcilar, sisteme 276 farkli
argliman girisi yapmis ve 785 farkli argiiman hakkinda
degerlendirmede bulunmustur. Katilim sirasinda olusan
kirli verilerin 6n isleme ile temizlenmesinin ardindan
sistemde, 189 temiz argiiman elde edilmis ve sistem bu
arglimanlarin iizerinden degerlendirmeye gitmistir.

Sisteme girilmis olan arglimanlar ve bu argiimanlarin
sahipleri tarafindan diger argiman sahiplerine verilen
oylar Sekil 2°de gosterilmistir.

Ayrica ayni haritanin daha iyi anlasilabilmesi igin farkli
gorsellestirme algoritmalari ile yeniden ¢izilmis halleri de
Sekil 3’de ortogonal yontemi ve Sekil 4’de dairesel
yontem ile verilmistir.

Sekil 2 Bilisim Vadisi uygulamasinin argiiman haritasi
Sekilde gosterilen diiglimler argiimanlari ve diigiim
numaralar1 da argliman numaralarini tutmaktadir. Ayrica
arglimanlar arasindaki kenarlar lizerinde de her argiiman

sahibinin diger argliman sahibine verdigi not
bulunmaktadir. Sekil 2°de gosterilen argiiman aginin daha
acik bir sekilde yogunluklara gore diigiimlerin gruplandigi
ortogonal ¢izimi ise Sekil 3’te  sunulmustur
(Roland Wiese, Markus Eiglsperger, &
Michael Kaufmann, 2004).

Sekil 3 Bilisim Vadisi i¢in olusturulan argiiman haritasinin ortogonal
olarak gosterimi

Sekil 3’teki yogunluga goére gruplanmis olan ¢izimin
farkli bir 6zellestirilmis hali ise Sekil 4’te sunulmustur.
Dairesel ¢izim olarak gorsellestirilmis olan argiiman
haritasinin  6nemli 6zelliklerinden birisi argiimanlar
arasindaki gecis yogunlugunu goéstermesinin yaninda,
dairesel aga dahil olmayan ve tek baglh diigiimleri, yani
sadece bir defa oylanmis argiimanlari dairenin diginda
gostermesidir. Sekil 3’te goriildiigli {lizere sadece az
sayidaki argliman birer kere oylanmistir. Bu tek oylama
sebebi ise sistemdeki yeni eklenen argiimanlarin oylama
icin sirada bekliyor olmasi ve ancak sisteme eklendikten
sonra yeni bir argliman sahibi tarafindan oylanabiliyor
olmasidir (Dwyer, Lee, Fisher, & Quinn, 2009).
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Sekil 4 Bilisim Vadisi i¢in olusturulan argiiman agmnin dairesel
gOsterimi

Bilgisayarlt argiiman delfi ydonteminin son asamasinda
yapilan temizleme ve degerlendirme asamasi ile, sistem
iizerinde elde edilen ve en ¢ok begenilen 10 argiimandan
olusan dzet argiimanlar Tablo 1.1°de sunulmustur.

Tablo 1. Bilisim Vadisi Projesi Argiiman Listesi

Tablo 2. Bilisim Vadisi Projesi ihtiya¢ duyulan alan sorusuna cevaplar

Tahmin Argiliman

10 siber giivenlik
2 yapay zeka
50 Yazilim

Is zekas1 zaten yazilimi da donanim da iginde
barindirmaktadir. Cok genel olarak verinin
10 bilimsel olarak iglenmesi gerekri

Yazilim
yazilim
Is Zekas1
Sistem

Is zekast

© o o1~ O W

is zekast,yazilim

Tahmin Argiiman
20 Bilisime verilen dnemsizlik
8 Bu tip 6nceki yapilar dikkate aldim
7 Tiirkiyede ki devletin ve yairimcilarin ileri v
izyonlarinin olmamast
4 Bu anda daha tek ¢ivi dahi gakamadgimiz i¢in

Ulkenin iginde bulundugu istikrarsizliklar gerek
10 devlet gerek 6zel sektor yatirimlarini olumsuz
yonde etkilemistir.

Ozel sektor hizli yol alsada, kamu yavas hareket

10 eder
Ulkede degisiimlerin kolaylikla gerceklesmesine
4 h - e
inam kalmadigindan ola bilir
3 Ciinkii 6yle olmasini umuyorum
5 hizla ilerleyen teknolojide daha fazlasi olmaz
2 Tiirkiye de teknolojiye ve bilisime olan 6nemin

fark edilmeye baslanmasindan dolay1

Tablo 1°de sunulan argiimanlar ve her argiiman
sahibinin tahmini bitis siiresi degerlendirildiginde, bitis
stiresinin ortalamanin iizerinde olacagina dair tahminleri
olanlar ve ortalamanin altinda olacagina dair tahminleri
olanlar seklinde iki ayr1 kampa ayrildig1 goriilebilir. Bu
ayrim aslinda Hegel diyalektiginin de temelini olusturan
tez ve antitez ikilisinin olugmasini saglamaktadir ve
aslinda bilgisayarli argiiman delfi teknigi, diger delfi
tekniklerinin aksine katilimcilarin uzlagmasindan degil de
katilimcilarin ¢atigmasindan beslenmektedir.

Tablo 2’de ise yontemin ikinci asamasinda sorulan
soruya  katilimecilar  tarafindan  verilen  cevaplar
sunulmustur. Tablonun ilk siitununda ise daha 6nce Tablo
1’de sunuldugu gibi katilimcilarin tahmin degerleri
gosterilmistir, dolayisiyla kamplara gore farkli goriislerin
takip edilmesi miimkiindiir. Ayrica Tablo 2’de sunulan
cevaplarin arasinda bulunan benzerlikler, yontemin zayif
noktasi olan ve girilen cevaplar arasindaki benzerlikleri
bularak ayni cevabin ¢ok kez tekrar etmesini engelleyen
bir yontemin gerekliligini de ortaya ¢ikarmistir. Bunun
i¢in ilerideki ¢aligmalarda biiyiik/kiiciik harf hassasiyetini
yok ederek uygun bir dizgi mesafesi algoritmasi ile
girdilerin tekrarlanmasinin engellenmesi fikri ortaya
cikmustir (Seker, Altun, Ayan, & Mert, 2014).

Tablo 3. Yetistirilmig Eleman ihtiyacinin karsilanmast igin iretilen

arglimanlar
Tahmin Argiiman

8 Kaliteli Egitim

5 Bu konuda ilgisi ve bilgisi olan kisilerle

3 Akademik alanda egiitim almmis insanlarin kisa
stireli uzmanlik egitimleriyle.

8 Sektor

10 Universitelerin sadece derslere odakli degilde,
sektmre hazir eleman yetstirme zihniyetiyle

10 Universite+Ozel sektor igbirligi

99 Ise alimlarda diploma degilde azim gayretler ve
ileride hedeflerin neler oldugu arastirilmali

99 mentorluk programlarindan

15 Universitenin gerekli boliimlerinden deneyimli
deneyimsiz insanlarla baglamali yaratict olmali

7 isbas1 egitimlerle

Tablo 3’de ise yontemin iigiincii ve son agamasinda
sorulan ve eleman ihtiyacinin nasil karsilanacagina dair
arglimanlar gosterilmistir. Bu argiiman tablosu, daha
onceki tablolarda oldugu gibi en yiiksek oy almis
argiimanlardan olusturulmustur.
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Bilgisayarli argiiman delfi yonteminin Onemli bir
avantaji, yukaridaki tablolarda da acik¢a goriilmektedir.
Yukaridaki tabloda yazim hatalar1 bulunan veya
bilgisayarin islemesi i¢in zorluklar igceren bazi 6rnek
girdileri barindirmaktadir. Bilgisayar ile metin analizi
yapmak yerine analiz siirecinin katilimcilarin sistemdeki
degerlendirmelerine dayandirilmasi, bilgisayarlarin iglem
zorlugunu ortadan kaldirmaktadir (Seker, 2015c¢).

Bilgisayarli argiiman delfi yontemi, orneklerden de
goriilecegi lizere yiizlerce argliman igerisinden en degerli
olabilecek arglimanlari, hem katilimeilara iirettirmesi hem
de katilimcilar tarafindan degerlendirilmesini saglamasi
agisindan Onemli bir katki sunmaktadir. Bu sayede
yiizlerce igerigin raporlanmasi yerine sadece degerli
olabilecek igerik rapor halinde sunulmaktadir. Ornegin bu
uygulama sirasinda, kirli veri sayilabilecek bos girdiler
veya kiifiir sayilabilecek uygunsuz girdiler olmus ancak
diger kullanicilar tarafindan bu arglimanlara ¢ok diigiik
notlar verildigi i¢in raporlamaya hi¢ dahil edilmemistir.
Benzer sekilde yontemin sonraki adimlarda gelistirilmesi
agisindan  uygunsuz  igeriklerin  moderasyon ile
temizlenmesi veya belirli bir oylamadan sonra ¢ok diisiik
puana sahip olan argiimanlarin bir daha gosterilmemek
lizere sistemde isaretlenmesi fikirleri bu ¢alisma sayesinde
ortaya ¢cikmistir.
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Abstract

The most important needs of people has been sheltering and feeding since the early ages. Today it has been made to different perspectives
based on a budget satisfy the feeling of pleasure from these requirements. Beside the housing needs satisfied, housing property is also
important. Certainly people both housing requests and features of the house are heterogeneous. Heterogeneous changes occurring in the
price of good model to examine the factors which caused is called the hedonic pricing model. In this study, hedonistic price model explored
for the factors that affect the price of housing in the province of Samsun. For this purpose, according to average family needs, 3+1 houses
are examined. The data are taken from the advertising of Sahibinden.com website. Three central districts of Samsun (Canik, {lkadim
Atakum) including advertisements in the study are selected by a stratified sampling method and the districts are taken as stratified. To
provide benefits for daily life, the results obtained from the study are given with a MS Access programming application.

Keywords: Housing Prices, Housing Markets, Hedonic Price Model.

Jel Code: E30

SAMSUN iLi KONUT FiYATLARINI ETKILEYEN FAKTORLERIN
HEDONIK FIYAT MODELI iLE INCELENMESI

Ozet

Ilk caglardan bu yana insanlarin en 6nemli ihtiyaci siiphesiz barmma ve beslenmedir. Giiniimiizde bu ihtiyaglar arasinda haz duygusunu
tatmin etmek i¢in biitcelere gore farkl arayiglara gidilmistir. Barinma ihtiyacinin kargilanip-karsilanmamasi yaninda nasil bir konut ile
karsilandig1 da 6nem arz etmektedir. Elbette bireylerin konut isteklerinin heterojen olmasinin yaninda konutlar da 6zellikleri bakimindan
heterojendir. Heterojen mallarin fiyatlarinda meydana gelen degisimlerin hangi faktorlerden kaynaklandigini inceleyen modele hedonik
fiyat modeli denilmektedir. Bu ¢alismada, Samsun ili konut fiyatlarini etkileyen faktorler hedonik fiyat modeli ile incelenmistir. Bu amag
dogrultusunda ortalama bir ailenin ihtiyaglarina cevap verecek 3+1 oda sayisina sahip konutlar ile ilgilenilmistir. S6z konusu veri seti
Sahibinden.com sitesine ait ilanlardan derlenmistir. Samsun ilinin ii¢ merkez ilgesini (Canik, flkadim, Atakum) kapsayan calismada
drneklem Tabakali Ornekleme yéntemi ile olusturulmustur ve tabaka olarak ilgeler kullanilmistir. Elde edilen sonuglara dayanarak Fiyat
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Tahmin Robotu adin1 verdigimiz ve programi MS Access ile tarafimizdan yazilan bir robot hazirlanmistir. Bu robot sayesinde ¢alismanin
bulgular giinliik hayata fayda saglayacak sekilde tiiketicinin hizmetine sunulmustur.

Anahtar Kelimeler : Konut Fiyatlari,Konut Piyasasi, Hedonik Fiyat Modeli

Jel Kodu : E30

1. GIiRiS

Konut; bireyin barmmmasin1 saglayacak kapali bir
alandan 6te, kaliteli bir yasam imkani sunan, dogal afetlere
dayanikli yapilari ifade etmektedir. Kentlerin varliginin
temel simgesi olan konutlar, sadece barinak degil; ayni
zamanda kisi ve aile mahremiyetinin korundugu, bireyin
kendisini glivende hissettigi, bireyin giinliik hayat
igerisinde saglikli ve kaliteli bir yasam siirmesi amaciyla
dinlenip enerji depoladigi bir mekandir. Konut insan
varligmmm en etkili giivencesidir (Daskiran, 2015).
Barinma ihtiyacinin nasil karsilandigi hane halkinin
ekonomik giicii ve istekleri ile yakindan ilgilidir. Oyle ki
bu ihtiyaglar ve biitceler homojen olmayan bir yapiya
sahiptir. Diger taraftan iretilen konutlar da sadece
barinma ihtiyacini karsilamakla kalmayip, insanlart mutlu
etmek ve isteklerini karsilamak i¢in olduk¢a heterojendir.
Bu sekilde heterojen olan mallarin fiyatlarini etkileyen
faktorler literatiirde hedonik modeller ile incelenmektedir.

Hedonik sozciigii, mal ve hizmetlerin tiiketimi sonrast
ortaya cikan haz, tatmin, memnuniyet ya da fayda
anlamina gelmektedir. Hedonik fiyat ise kisinin
memnuniyeti i¢in ddemeyi goze aldigt miktardir
(Cetintarha ve Cubukg¢u,2012).

Diinyada ve iilkemizde hedonik modelleme ile
gayrimenkul fiyatlarindaki degisimi etkileyen faktorler
tespit edilmeye caligilmisgtir. Bu amagla yapilan ilk
calisma Ridker ve Henning (1967) tarafindan yapilmustir.
167 gozlemin ele alindigi ¢alismada hava kirliliginin
konut fiyatlarina etkisi incelenmis ve konut fiyatlarina
etkisi olan faktorler dogrusal model kullanilarak tespit
edilmistir. Kain ve Quigley (1970) konut sahiplerinin yan1
sira kiracilarin bulundugu konutlar1 da dahil ettikleri
caligmalarinda dogrusal ve yart logaritmik modelleri
kullanmiglardir. Calisma ile konutun fiziksel 6zelliklerine
gore (oda sayisi, banyo sayisi vb.) hizmet kalitesinin fiyat
iizerinde daha etkin oldugunu gdstermislerdir.

Ulkemizde hedonik modeller ile ilgili yapilmis birgok
caligma mevcuttur. Yaptigimiz ¢aligmaya 151k tutacagi
diigtiniilen ¢aligmalardan bazilar ile ilgili kisa bir bilgi
vermek yerinde olacaktir. Ugdogruk (2001) yapmis
oldugu ¢alismada Izmir ili kentsel kesimde en az dort katli
daireleri kapsayan bir c¢aligma yapmustir. S6z konusu
caligma icin tiim il¢elerde emlakgilarla tesadiifi olarak
2718 adet anket yapilarak veri toplanmistir. Calismanin
sonucunda sobaya gore kaloriferin (kat kaloriferi, merkezi
sistem ya da jeotermal enerji), parke zemin olmasinin,

seramik banyonun, pencerede aliiminyum dogramanin,
kiremit ¢atinin, hazir mutfagin, uydu sisteminin, kapici
bulunmasinin ve caddeye/bulvara yakin olmanin fiyati
arttirdigl sonucuna varmistir. Yankaya ve Celik (2005)
yaptiklar1 galismada ise Izmir metrosunun konut
fiyatlarina  etkisini  hedonik  fiyat modeli ile
incelemiglerdir. Caligmada dogrusal ve logaritmik-
dogrusal model kullanilmistir.

Cetintahra ve Cubukcu (2012) iilkemizde ve diinya da
hedonik fiyat modeli ile konut fiyatlarin1 etkileyen
faktorler iizerine yapilan ¢aligmalar ile ilgili bir literatiir
taramasi yayinlamiglardir.

Kordis ve arkadaslar1 (2014) Antalya ili konut
fiyatlarin1 etkileyen faktorleri hedonik fiyat modeli ile
belirlemiglerdir. Calismada hem genel hem de farkli gelir
gruplari i¢in olusturulan modelin ampirik sonuglarina gore
Antalya’da konut fiyatlarini etkileyen 6nemli faktorler,
konutun genisligi, yiiksek gelirli bolgede olmasi, deniz
manzarali olmasi, kapali oto parki olmasi, daire olmasi,
denize yakinligi, 1sinma sisteminin ve asansoriniin
olmasidir.

Yayar ve Giil (2014) Mersin ili konut fiyatlarini
etkileyen faktorleri inceledikleri ¢aligmalarinda konutun
kullanim alani, mutfak biiyiikliigii, pazara uzaklik, banyo
sayisi, garaj, merkezi uydu sistemi, ozel giivenlik ve
asansor sayisi degiskenlerinin konut fiyatlarint artirdigy;
Ote yandan konutun bahgeye sahip olmasi, site ic¢inde
olmasi, toplu tasima araglarma uzak olmasi ve eski
olmasmnin  konut fiyatlarini  azalttifit  sonucuna
ulagmislardir.

Daskiran (2015) Denizli ilinde hedonik fiyat modelini
kullanarak konut fiyatlar1 ile konutun bulundugu Kkat,
asansor, oda sayisi, banyo sayisi, kaloriferli isinma
sistemi, egitim kurumlarina uzaklik, saglik kuruluslarina
ve sehir merkezine yakinlik arasinda anlamli bir iligki
bulmustur.

Samsun ili i¢in ise yapilmis tek calisma Yayar ve
Karaca (2014) tarafindan yapilan ve TR83 bolgesini
kapsayan calismadir. Bilindigi gibi TRS83 bolgesi
Istatistiki Bolge Birimleri Smiflandirmasi (IBBS) Diizey
2’de tanmimlanmig ve Samsun, Amasya, Tokat, Corum
illerinden olusan bdlgedir (URL 1). S6z konusu ¢aligmada,
bolgedeki illerde bulunan apartman dairelerine ait
ozellikler uygulanan anketler ile tespit edilmis ve veri seti
olusturulmustur.  Calismada  kullanilan  otuz  iki
degiskenden yirmi bir tanesinin konutlarin fiyatim
aciklamada istatistiksel olarak anlamli oldugu hedonik
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fiyat modeli ile tespit edilmistir. Caligma 2012 y1l1 Aralik
ayinda Gaziosmanpasa Universitesi biinyesinde yiiriitiilen
Bilimsel Arastirma Projesinin sonuglarindan derlenmis
olup, verinin 2012 yilina ait oldugu sdylenebilir.

Son yillarda Samsun ilinde ingaat sektoriindeki hizli
gelismeye ragmen; konut fiyatlarinin ani artisi, daha dnce
¢ok fazla c¢alisma yapilmamis olmasi ve yapilan
calismalarin da ani fiyat artis1 karsisinda gilincellenme
ihtiyact bu ¢alismanin yapilmasi gerekli kilmistir. 2008
yilinda ortaya ¢ikan kiiresel krizin 2011 yilinda etkilerini
kaybetmesiyle birlikte konut fiyatlari artmaya baslamis ve
yukart dogru bir trend yakalamistir. Merkez Bankasi
verilerine gore Tiirkiye Konut Fiyatlar1 Endeksi (TKFE)
2015 Temmuz ayinda bir onceki yilin ayni ayma gore
%18,76 artis gostermektedir. TKFE degerinde ayni
donemde TR83 bolgesi bakimindan artis miktar: ise
%10,34 olmustur (URL 2). Bu durumun nedenleri ayr1 bir
inceleme konusudur. Ancak; Samsun ili i¢in mikro 6lgekte
kisaca deginmek gerekirse; banka kredilerinin daha kolay
kullanilabilir olmasi, malzeme kalitesi ile maliyetlerinin
artmast ve piyasada sadece sermaye olarak gii¢lii insaat
firmalarmin faaliyet gostermesidir. Bu durum o6zellikle
Atakum ilgesinde siirekli yeni binalarin inga edilmesine ve
bunun yaninda da konut sayisinda bir sismenin meydana
gelmesine neden olmustur. Hélihazirda yeni daireler bos
olarak uzun siire satilmayr bekleyebilmektedir. Bu
durumda sermaye olarak gii¢lii olmayan bir ingaat firmasi
fiyat1 distirerek elindeki bos daireleri satma yoluna
gidebilecekken, mali agidan giiglii olan firmalar bu yolu
tercih etmemekte ve fiyatlari asag1 gekmemektedir. Ayrica
son yillarda il merkezine yapilan yatirimlarda konut
fiyatlarin1 arttirmistir. Ornegin Atakum-Ilkadim ilgeleri
arasinda yapilan hafif rayli sistem (tramvay) ulasim
agisindan olumlu bir etki yaratmig olup bu tramvay
duraklarina yakin olan konutlarin fiyatlarinda da bir artiga
neden olmustur.

Bu calismada sadece Samsun ili merkez ilgeleri yer
almaktadir. Bu ilgeler dogudan batiya dogru Canik,
flkadim ve Atakum’dur. Calismanin  detaylarina
gegmeden Once s6z konusu ilgelerden bahsetmek
gerekmektedir. Ciinkii bu ilgeler hem veri segiminde
uygulanan tabakali 6rneklemede tabaka olarak hem de
modelleme asamasinda konut fiyatlar1 icin aciklayici
degisken (faktor) olarak caligmaya dahil edilmistir.

Canik ilgesi diger ilgelere gore genellikle ekonomik
giicii daha diisiik olan ailelerin yasadig: bir ilge olup,
bilinyesinde biiylik bir sanayi sitesini barmdirmaktadir.
Genellikle bu sanayi sitelerinde galigan bireyler ve aileleri
ilgede barmmaktadir. 2010 yilinda Karadeniz Bolgesi’nin
ilk vakif iiniversitesi olan Canik Basar1 Universitesi’nin
acilmasinin yani sira Samsun’un ve bdlgenin en bilyik
aligveris merkezinin ilgede hizmet vermeye baslamasiyla
birlikte Canik kozmopolit bir yapiya biiriinmiistiir. Diinya
markas1 yapt malzemesi firmalar1 da Canik ilgesinde
bliyiik subeler agmistir. Ancak; ilge asil atilimini

TOKi’nin banliyd mahallerinde uyguladigi kentsel
doniistimle kazanmistir.  Suriye’den Samsun’a gelen
gocmenlerin genellikle bu ilgeye yerlestirilmesi de sosyal
acidan bir doniisime neden olmustur.  Ozetlemek
gerekirse, Canik; deniz kenarinda biiytik bir piknik alani,
bolgenin en biiyiik alis veris merkezi, iki 6zel hastane,
biliylik bir sanayi sitesi, Samsun 19 Mayis Stadyumu,
yiizme havuzu ve kapali spor salonlarinin da oldugu biiytik
bir spor kompleksi, biiylik sermayeli diinya firmalarinin
acmis oldugu yapt marketleri, bir vakif iiniversitesi,
kurtulus savasinin simgelerinden Bandirma Gemisi
Miizesini biinyesinde barindirmaktadir. TOKI ve o6zel
ingaat firmalar1 tarafindan yapilan yeni binalarla kentsel
doniisiime ugrayan ilge yaklasik yiiz bin niifusa sahiptir.
S6z konusu o6zellikler ilgenin kendi icinde de oldukca
heterojen bir yapiya sahip oldugunu gostermektedir.

19 Mayis 1919 tarihinde Mustafa Kemal Atatiirk ve
arkadaslarinin milli miicadeledeki ilk adimlarim attiklari
ve bundan dolay1 da Ilkadim ismini alan ilge yaklagsik 320
bin niifusuyla Karadeniz Bdlgesi’nin en kalabalik
ilcesidir. Ilkadim ilgesi Samsun’un merkezi konumunda
olup, Valilik ve Biiyiiksehir Belediye binalarim
biinyesinde bulundurmaktadir. Cok sayida otelin
bulundugu ilge, sosyal ve kiiltiirel aktivitelere ev sahipligi
yapan bir kongre merkezine ve bir¢ok miizeye sahiptir. Bir
adet hayvanat bahgesini de barindiran ilge, tarihi
yabancilar pazar1 ve fuar ile Samsun halkim1 kendisine
¢ekmektedir. Samsun ili igin aligverisin merkezi
konumundaki ilgede yeni bina yok denecek kadar azdir.

En batidaki merkez ilge olan Atakum, 0&zellikle
Ondokuz Mayis Universitesi’ni bilinyesinde
barindirmasindan ~ dolayr  gelismistir. ~ Universite
ogrencileri ilce ekonomisini canlandirmis, iiniversitede
gorevli idari, akademik personel ve 6zellikle T1ip Fakiiltesi
biinyesinde istihdam edilen doktorlarin ikamet etmesi ile
ilce de sosyokiiltiirel agidan bir kalkinma meydana
gelmistir. Halihazirda Atakum gelismeye devam etmekte
ve stirekli yeni binalar inga edilmektedir. Samsun’un
cazibe merkezi haline gelen ilgede sahile yapilan yatirim
halk1 deniz ile nezih bir sekilde bulusturmaktadir. Ayrica
ilcenin en 6nemli avantaji yukarida da bahsedildigi gibi
rayli sisteme sahip olmasidir. Dogu-Bat1 yonlii bu rayh
sistem ilgceyi merkez ile birbirine baglamaktadir. Bu
durum ve binalarin genellikle yeni olmasi ilgede fiyatlarin
diger merkez ilgelerine nazaran daha yiiksek olmasina
neden olmustur.

Goriildigii tizere Samsun ili hem konut agisindan hem
de barindirdig1 insanlar bakimindan oldukga heterojen bir
yapiya sahiptir. Caligmada tabaka ve aciklayici degisken
olarak kullanilan {i¢ ilge incelendiginde de sosyoekonomik
ve sosyokiiltiirel olarak heterojen yapt o6n plana
¢ikmaktadir.
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2. HEDONIK FIiYAT MODELI

Hedonik fiyat modeli, konut fiyatlarin1 etkileyen
faktorlerin tespit edilmesinde siklikla kullanilmaktadir.
Hedonik fiyatlamada temel varsayim tiiketicilerin bir
malin veya hizmetin kendisinden ziyade, onun saglamis
oldugu ozelliklere gore fiyatlandirma yapmasidir (Kordis
ve ark., 2014). Bu varsayim ile konutun fiyatina konutun
sahip oldugu her bir 6zelligin zimni katkist oldugu kabul
edilir ve hedonik fiyat modeli bu zimni katkiyr tahmin
etmeye calisir.

Rosen (1974), bir mali (Z) n tane karakteristiginin
toplam1 seklinde asagidaki gibi ifade etmistir;

Z=(21,Z5, ., Zy) 1)

Piyasada ilgilenilen mallar heterojen bir yapiya sahip
olduklarinda bu karakteristikler bakimindan farkli
kombinasyonlar olacaktir. Tiiketici kendi
degerlendirmesine gére en uygun mali almak isteyecektir.
Elbette her malin bir piyasa fiyati1 olacaktir ve bu durum Z
vektoriiniin sabitlenmis degeri ile iliskilidir. Bu nedenle
malin piyasa fiyat1 ile karakteristikleri arasinda bir
fonksiyon olup su sekilde ifade edilir;

P(Z)=P(Z,Z,, ..., Zy) (2)

Burada P bir malin fiyati, Z ise o malin karakteristik
vektoriidiir. Bu fonksiyon heterojen mallarin fiyatlarinin
karsilastirllmas1  sonucu elde edilen hedonik fiyat
regresyon esitligidir (Kordis ve ark., 2014).

Hedonik fiyat regresyon modeli sayesinde konutun
sahip oldugu her bir ozelligin toplam fiyata katkisi
arastirilabilir. Eger kullanilan model logaritmik bir model
ise elde edilen katsayilar esneklik katsayisi olarak
adlandirilir ve diger tiim ozellikler sabit iken katsayimnin
ilgili oldugu o&zelligin konut fiyatini yiizde ne kadar
arttirdigr/azalttig1 bilgisini arastirmaciya verir (Dagkiran,
2015).

Esitlik (2) konutun fiyat1 ile ozellikleri arasinda
fonksiyonel bir iligki oldugunu ifade etmektedir. Hedonik
fiyat modellemesinde amag bu fonksiyonel iliskiyi en iyi
sekilde ifade edecek modeli tespit etmektir. Literatiirde
hedonik fiyat regresyon modeli denildiginde 4 farkli
model yapisi karsimiza ¢ikmaktadir. Bu modeller;

e Dogrusal model

e Tam logaritmik model

o Dogrusal Logaritmik Model (Dog — Log)

o Logaritmik Dogrusal model (Log — Dog)
seklinde ifade edilebilir.

Dogrusal model bagimli degisken olan konut fiyat ile,
bu konut fiyati iizerinde etkisi arastirilacak bagimsiz
degiskenlerin dogrusal oldugu modeli ifade etmekte olup,
Esitlik (3) ile ifade edilmektedir.

P=a+ X +BX,+ -+ L. X,+¢ (3)

Tam logaritmik model ise konut fiyat1 ve dzelliklerinin
logaritmasina dayanmaktadir. Esitlik (3)’te ifade edilen

modelde bagimli ve bagimsiz degiskenlerin logaritmalari
alindiginda Tam logaritmik modele ulasiimaktadir. S6z
konusu model Esitlik (4)’te ifade edilmektedir.

In(P) = a + B1In(Xy) + BoIn(Xy) + -+ BuIn(X,) + & (4)

Dogrusal-Logaritmik model (Dog-Log) ise bagiml
degiskenin dogrusal, bagimsiz degiskenlerin logaritmik
oldugu modeli ifade etmekte olup Esitlik (5)’te
gosterilmistir.

P=a+ piIn(Xy) + BoIn(X,) + -+ Lpln(Xy,) + ¢ (5)

Bu modelle, bagimsiz degiskende (konuta ait
ozelliklerde) meydana gelen yiizde birlik degisimin,
bagimli degiskende (konutun fiyatinda) meydana getirdigi
mutlak degisim miktar1 belirlenmektedir.

Son olarak Logaritmik-Dogrusal model (Log-Dog)
isminden de anlagilacagi tizere bagimli degiskenin

logaritmik ve bagimsiz degiskenlerin ise dogrusal oldugu
ve Esitlik (6)’teki modeldir.

In(P) =a+ Xy + Lo Xy + -+ X, + € (6)

Bu modelle, bagimsiz degiskenlerde (konuta ait
ozelliklerde) meydana gelen mutlak degisimin, bagiml
degiskende (konutun fiyatinda) meydan getirdigi yiizde
degisimler belirlenmektedir.

Konut icin bazt degiskenler nicel olarak
Olciilememekte, varliklar1 ancak var/yok, evet/hayir vb.
ifadelerle degerlendirilebilmektedir. Bu tiir konut
Ozellikleri modele ancak  kukla  degiskenlerle
eklenebilmektedir. Modelde kukla degisken oldugunda
logaritmik dogrusal model Esitlik (7)’de ifade edildigi
gibidir.

Y=1In(P) = a+TbX;+XcD; (7

Burada Y bagimli degiskeni, X;bagimsiz degiskenleri
ve D; ise kukla degiskenleri ifade etmektedir (Kaya,2012).

3. UYGULAMA

Bu calisma da Samsun ili konut fiyatlari hedonik
modeller kullanilarak incelenmistir. Calismaya sadece
ortalama bir ¢ekirdek ailenin (Anne-Baba ve iki ¢ocuk )
ihtiyaglarin karsilayacak 3+1 oda sayisina sahip konut tipi
dahil edilmistir. Bu sekilde veri setinde aykiri deger
sorununa neden olabilecek diger konut tipleri (gecekondu,
villa, dubleks vb.) alinmamistir. S0z konusu veri seti
Sahibinden.com  internet  sitesindeki ilanlardan
derlenmistir. Tlanlar arasindan segimde tabakali drnekleme
yontemi kullanilmig ve 395 konuta ait ozellikler veriyi
olusturmustur. Samsun ili merkez ilceleri olan Canik,
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Ilkadim ve Atakum tabaka olarak alinmustir. Veri setinde Tablo 2. Kategorik Degiskenler Bakimindan Fiyatlar
ilgelere gore konut sayisinin yiizde dagilimina Tablo 2’den Degisk ~ Yiizd ., Stand L o P
ulasilabilir. Daha ©6ncede bahsedildigi gibi konutlar Degisk ~ en ma art — jotatis  de
. [ . C . . en Diizeyl Dagih . Sapm oee :
bakimindan ilgeler kendi icinde homojen, birbirleri ori o Fiyat a tigi eri
arasinda heterojen bir yapiya sahip olup tabakali
ornekleme varsayimini saglanmaktadir. Ayrica bu ilgeler Canik® %5 143000 49801 7954
calismada konut fiyatlarina etkisi olabilecegi diisiiniilen flge ~ kadm?® 9635 144239 39011 (kryka  goo*
bir faktdr olarak da kullamilmigtir. Caligmada konut Aakum g e 47247 '-V\Aa”is
- . . . - .. e . A . o
fiyatlarina etkisi olabilecegi diisiiniilen ve ¢caligmaya dahil ° )
edilen degiskenler Tablo 1’de verilmistir. Metre kare Ebevey Yok %43 133597 33790 5321
degiskeni hari¢ tiim agiklayict degiskenler kategorik n (Manmn- 000"
olarak calismaya dahil edilmistir. Bu durumun nedeni Banyos Var %57 189178 42840  Whitne
Sahibinden.com sitesindeki konutlarin bazi nicel gibi yu)
goriinen degiskenleri de belli durumlarda kategorize 0 %51 183131 40652
etmesidir. Ornegin; bina yast degiskeni nicel olarak 142 %20 177425 53683
almabilirdi, ancak 5 ve 5 yaslnc.lan biiyiik lfonutlarln 5100 %8 130048 33825 12939
yaglar1 tam olarak siteden elde edilememektedir. Bunun Bina
. . 5 - 11-15° %10 127737 26002  (Kruska 000
yerine bina yaslart 5 ve 5’ten biiyilk olan konutlarin Yast |-Wallis
degerleri kategorize edilmistir (5-10,11-15,16-20 vb.). 16-20° %6 117120 28538 H)
Tablo 1. Kullanilan Degiskenler 21-25 %3 117846 23762
Degisken Kod Degisken Kod Degisken Kod +26° %2 114583 29258
Otopark 1-32 %3 139300 24115 47,49
ilge flce  Isitma Tiirii 1t Olup- oto
¢ ur ol P P Kat 467 %48 150757 46031  (Kruska 000°
mamast Sayst I-Wallis
Site icinde Otobis +70 %49 180976 45588 H)
2
Metre Kare m Olup- st Olup- ot Soba® %l 91000 27602
Olmamasi Olmamasi 10,05
) Dogalga
Banyo Kim Dolmus I;f.t.mfz % %86 164195 46276 (Kruska 007"
Savist bs Tarafindan sat Olup- dol uru _ 1-Wallis
4 Satiliyor? Olmamast '\S/Iies}?e(rifbl %13 178001 54349 H)
Asansor Tramvay
Bina Yast by Olup- as Olup- tr BOdarum %1 123000 38227
Olmamasi Olmamasi 41.50
- Giris-
Binadaki Is1 Yalitim DFQ!ZI Bulund Zemisna %7 114846 31905 (Kruska
Kat Sayist ks Olup- y Goriip- den ugu I-Wallis 000"
Olmamasi Goérmemesi Kat 1-3° %47 165239 46522 H)
Dairenin Celik Kap1 4-6° %31 173942 46335
Bulundugu bk Olup- ¢k
Kat Saysi Olmamast +7 %14 174978 47490
: P . . Hayir %70 158690 45023 20884
Hedonik modelleme regresyon analizi ile i¢ ice bir Site Y
= : : . : : 55 Icerisin (Mann- 000"
yontemdir. Elde ki veri setinde 16 kategorik fiegls.kejn B Evet %30 181231 50696  Whitne
olmasi ve bunlardan bazilariin ¢ok fazla kategoriye sahip yu)
olmasindan dolay1 ¢ok fazla kukla degisken tanimlanmasi Sanibm
. . L e " %13 156176 61164
gerekmektedir. Bu durum ise model iizerinde oldukga kotii den 1410
sonuglara sebep olabilir. Bu sorunu agmak igin dncelikle S['ft;;‘m insaat " i3 3sess (Knuska 001
konut fiyatlarimin s6z konusu kategorik degiskenler 5 Firmas:” I-wallis
< Lo H)
bakqnmdan farkh ol.up olmadig1 uygun istatistiksel Iénfwlsala( %ol 165055 45580
analizlerle incelenmis ve sonuglar Tablo 2’de 1!
gosterilmistir. . Hayr %14 119194 28085 155435
Asanso
rVar (Mann- 000
m? Evet %86 172877 46259  Whitne
yu)
Isi Hayir %21 125261 30226 4450
Yc{/lmm (Mann- 000"
ar Evet %79 176417 45959  Whitne
mi? yU)
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Kat Sayisi, Isitma Tiirii, Kim Tarafindan Satiliyor?) igin
coklu karsilastirma sonuglarina bakildiginda, bu
faktorlerin binary sekilde tanimlanabilecegi goriilmiistiir.
Bu disiinceden hareketle veri setindeki bagimsiz
degiskenler (metre kare hari¢) binary oOl¢tilmistiir ve
boylece tekrar kukla degisken tanimlanmasma gerek
kalmamigtir. S6z konusu faktorlerin yeni diizeyleri Tablo
3’de gosterilmistir.
Tablo 3. Yeni Faktor Diizeyleri

126
<. Degisk  Yiizd Ortala Stand Test P
Degisk en art P -
en Diizeyl Dagih ma Sapm Istatis deg
. Fiyat tigi eri
eri m a
Celik Hayir %5 118500 30475 5509
Kap:
Var (Mann- 000"
n? Evet %95 167784 47439  Whitne
’ y V)
Hayir %31 139927 43146  25059,5
Otopar
k Var (Mann- 000"
mi? Evet %69 177257 45386 Whitne
yuU)
R Hayir %18 156870 46977 129775
Otobiis N
Var (Mamn- 0%
mi? Evet %72 167438 47953 Whitne
yuU)
Hayir %15 177033 55348 8729,5
Dolmug
Var (Mann- 144
? Evet %85 163520 46259  Whitne
y V)
Rayli Hayir %46 149602 47276 27009
Sistem (Mann- 000"
var Evet %54 179204 44009  Whitne
mi? y U)
Denizi Gé;‘:‘ﬁy %65 155082 44085 243315
Goriiyo (Mann- 000
FMU?  Goriyor %35 184797 48459 V‘;“S;‘e

" %99 giiven diizeyinde konut fiyatinin belirlenmesinde onemli bir
faktordiir.

ok

%90 giiven diizeyinde konut fiyatinin belirlenmesinde 6nemli bir
faktordiir.

Tablo 2’de gosterilen sonuglar veri yapist ile
karsilastirildiginda  iktisadi  beklentiler ile uyumlu
cikmistir. Ornegin, Ilgelere gore farklihk olma nedeni
Atakum’un diger ilgelere gore daha yeni ve genellikle sifir
konutlara sahip olmasidir. Bu durum diger ilgelere gore
Atakum’da konut fiyatlarinin daha yiiksek olmasina neden
olmustur. Ayrica daireyi satan kisi/kurum degiskeni de
diizeylerine gore farklilik gostermistir. Burada ingaat
firmasinin sahibinden ve emlak ofisine gére ortalama
olarak daha yiiksek fiyata sahip olma nedeni ingsaat
firmalarinin genellikle sifir konutlar1 satiyor olmasidir.
Veri yapisindaki bu gercekler Atakum ilgesinde ve insaat
firmalar1 tarafindan satilan dairelerde ortalama fiyatin
daha yiiksek olmasi1 yoniinde bir beklenti olusturmustur ve

bu durumun gerceklestigi sonuclar incelendiginde
goriilmektedir.
Tablo 2 incelendiginde ¢alismaya dahil edilen

degiskenlerden sadece konutun ¢evresinden dolmus gegip
gegmemesi degiskeninin konut fiyatinin belirlenmesinde
onemsiz oldugu sonucuna varilmaktadir. Diger 16
faktoriin 6nemli oldugu ve s6z konusu faktor diizeyleri
bakimindan konut fiyatlariin farkli oldugu sonucuna
vartlmistir. Diizey sayisi ii¢ ve {igten fazla olan faktorler
(flge, Bina Yas1, Binadaki Kat Say1st, Dairenin Bulundugu

Faktor Diizey  Diizey Faktor . .
Adi 1 2 Adi Diizey1  Diizey 2
: . Bulundugu  Bodrum-

+
Iige Diger  Atakum Kat Sayisi airis 1
Bina 04 5 Isitma Soba  Kalorifer
Yast Tiirii
Kat Kim . Insaat
- +

Sayist ’ Satiyor Diger Firmas1

Hedonik modellemede 4 farkli model

kullanilabileceginden, elde edilen veri setine en iyi uyan
model ¢esitli kriterlere (Diizeltilmis belirtme katsayisi,
standart hata, Akaike Bilgi kriteri, Bayessian Bilgi Kriteri)
gore secilmistir ve modellerin bu kriterler bakimindan
aldiklart degerler Tablo 4’de verilmistir. Tablo 4
incelendiginde veri setine en iyi uyan modelin Logaritmik-
Dogrusal model oldugu goriilmektedir. Bu nedenle soz
konusu modelin sonuglari ile Samsun ili konut fiyatindaki
degisim aciklanmaya caligilmistir. Bu model su sekilde
ifade edilebilir;

In(fiyat) = By + ilce By + m?B, + bs B3 + byB, +
ks s + bk B¢ + 1tf; + st Bg + sat By + as fig + 1yP11 +
¢k P12 + otop B3 + ot By +t7 P15 + den Py

Tablo 4. Olast Modellerin Incelenmesi ve Model Segimi

2 Std AIC BIC Durbin-
Model Raqj Hata Degeri Degeri  Watson
Dogrusal- - 515 50523 9286,007 9361,606 2,065
Dogrusal
Dogrusal- = 50/ 29800 9293555 9369153 2,063
Logaritmik
Logaritmik-
8 674 16635 -267,50  -191,901 2,028
Dogrusal*
Logaritmik-  or 1eg57 265566 -189.968 2,012
Logaritmik ~ ’ ' ' ' '
Bagimli  degisken ve bagimsiz  degiskenler

tanimlandiktan sonra Stepwise degisken segme yontemi
ile regresyon analizi uygulanmistir ve model varyans
analizi tablosuna bakilarak %99,9 giiven diizeyinde
anlamli  bulunmustur (p degeri < 0,001) . Analiz
sonucunda Samsun ili konut fiyatlarini agiklamada 6nemli
olan faktorler tespit edilmistir ve Tablo 5’te gosterilmistir.
Analize dahil edilen 16 agiklayici degiskenden 10
tanesinin konut fiyatini agiklamada O6nemli oldugu
sonucuna varilmis ve modelde yer almislardir. Onemsiz
bulunan degiskenler; ilge, site igi olup-olmama, kim
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tarafindan satildigi, 1s1 yalitimi, ¢elik kapi ve otoparka
sahip olmasi ile daha 6nce analiz dist birakilan konutun
yakinindan dolmus gecip-gegmemesidir.

Tablo 5. Konut Fiyatin1 Agiklamada Onemli Bulunan Faktérler

Onemli Std t P VIF
Faktorler B: Hata  degeri Degeri Degerleri
(Sabit) 10,521  ,120 87,42 ,000
Metre kare ,006 ,000 11,56 ,000 1,85
Bina yas1 -,089 ,025 -3,54 ,000 1,83
Dairenin
bulundugu kat ,181 ,034 5,38 ,000 1,09
Tramvay
olup- ,070 ,018 3,86 ,000 1,16
olmamasi
Asansdrolup-——— 77 459 262 009 144
olmamasi
Ebeveyn
banyosu ,071 ,024 2,99 ,003 1,95
Binadakikat 15 319 228 023 1,26
say1s1
Hangi 1sitma
. . ,229 ,099 2,31 ,021 1,06
tiirline sahip?
Otoblisolup- - 455 o3 299 022 111
olmamasi

Denizi goriip- 038

grmemesi ,019 1,99 ,048 1,16

Tablo 5°te verilen faktorler ve elde edilen model
Samsun ili merkez ilgelerde ki 3+1 odali konut
fiyatlarindaki degisimin %67,4’ini agiklamaktadir. So6z
konusu model i¢in tiim varsayimlar kontrol edilmistir ve
bu varsayimlarin saglandigi tespit edilmistir. Yani
modelde Durbin-Watson degerine bakildiginda oto
korelasyon olmadigi, korelasyon matrisi ve VIF
degerlerine bakildiginda ¢oklu baglanti olmadigt ve
bagimli degisken ile hatalarin normal dagildig:
belirlenmistir. Nihai olarak Samsun ili merkez il¢elerinde
3+1 odali konut fiyatlariin tahmin edilmesinde
kullanilacak model Esitlik (9)’da verilmistir.

LnFiyat = 10,521 + 0,006 m? — 0,089by + 0,181 bk +
0,07tr + 0,077 as + 0,071 eb + 0,043ks + 0,229 1t +
0,053 ot + 0,038den

Bu modelde faktorlerin degerleri yerlerine yazildiktan
sonra elde edilen degerin ters logaritmasi alinarak konutun
Tiirk Lirasi cinsinden fiyati tahmin edilmektedir.

Elde edilen bu model sayesinde 6nemli bulunan
faktorlerin konut fiyatina olan marjinal katkilar1 da
hesaplanabilir. Buna gore; bir metrekare fazla kullanim
alan1 i¢in konut fiyat1 1006.02 TL artmaktadir. Bina
yakininda tramvay duragi var ise 1072.51 TL, otobiis
duragi varsa 1054.43 TL tutarinda konut fiyati
artmaktadir. Ayrica 1sitma tiirli olarak soba yerine
kalorifer (Dogalgaz ya da merkezi sistem) olan dairelerin
fiyat1 da 1257.34 TL daha fazladir. Eger daire de ebeveyn

banyosu varsa 1073.58 TL, asansor varsa 1089,80 TL
tutarinda fiyat artmaktadir. Ayrica dairenin bulundugu
kattan bagimsiz olarak, binadaki kat sayisi da énemli bir
faktor olarak goze carpmaktadir. Binadaki kat sayis1 7 ve
7’den fazla olan binalardaki konut fiyatlari, daha az kath
(1-6) konutlara gére 1043,94TL daha pahalidir. Son olarak
ekonomik beklentilere uygun olarak bina yas1 konut fiyati
iizerinde negatif bir etkiye sahiptir. 5 yasindan biiyiik olan
konutlar daha kiigiik yastaki konutlara gore (0-4) 1093,08
TL daha ucuzdur. Son olarak denizi goren bir daire almak
isteyen bir tiiketici 1037.73 TL daha fazla 6deme yapmaya
razi olmalidir. Bu marjinal ddemeler sabit terim dahil
diger tiim katsayilarin sifir oldugu durum i¢in gecerli olup,
herhangi bir konutun 6zellikleri s6z konusu oldugunda bir
miktar degismektedir. Ornegin 150 m?, 0-4 yasinda,
bodrum ya da giris kat olmayan, tramvay ve otobiis
duragina yakin, asansér ve ebeveyn banyosu bulunan,
kalorifer ile 1sinan ve apartmandaki kat sayist 1-6
araliginda olan bir dairenin fiyat1 modele gore eger denizi
goriiyorsa 187212.57 TL, goérmiiyorsa 180231.97 TL
olarak belirlenmektedir. Bu durumda denizi gérmenin
bedeli 6980.6 TL olmaktadir. Bu sekilde alinacak dairenin
tiim 6zellikleri tek tek incelenerek daire 6zelinde var olan
ozelliklerin olmadigt durumla karsilastirilmasi suretiyle
marjinal 6denecek tutar hesaplanabilir.

Tiiketici konutlarla ilgili internet ortaminda konut
ozellikleri ve fiyatlar1 ile ilgili arastirma yaparken bu
islemi hesap makinasiyla yapmaya ¢alisirsa zorlanacaktir
ve calismanin ekonomiye bir katkist olmayacaktir. Bu
nedenle galigmanin sonuglarina dayanarak bir program
yazilmistir (URL 3). Yazarin web sayfasinda bulunan ve
kolayca indirilebilecek bu program ile satin alinacak
konutun ozellikleri girilerek, elde edilen model ile
konutun piyasa degeri tahmin edilebilecektir. Boylece
satic tarafindan talep edilen fiyatin piyasa degerine gore
yikksek  olup-olmadigini  kontrol etmek oldukca
kolaylasacak ve yapilan ¢alisma giinliik hayata da bir katki
saglamig olacaktir.

Yukarida ornek olarak o6zellikleri verilen ve denizi
gormesi halinde fiyatinin ne kadar artacagi merak edilen
konut ile ilgili Fiyat Tahmin Robotu ile islemler kola;f%lr
sekilde yapilabilecektir. Ornek ile ilgili robotun tahminleri
Sekil 1°de verilmistir.
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Fiyat Tahmin Motoru

Metrekare m?
Bina Yas
Daire Hangi Katta
Binadaki Kat Sayis1
Tramvay Var Mi?
Asansér Var Mi?
Ebeveyn Banyosu Var v
Isitma Tiiri
Otobiis Var My?
Denizi Gériiyor Mu?
Dairenin Fiyat:

Program SAMSUN ili MERKEZ ilcelerinde bulunan
3+1 dairelerin fivatlann: tahmin etmektedir,

Fiyat Tahmin Motoru

Metrekare m*

=
u
o
ﬂ

Daire Hangi Katta
Binadaki Kat Sayist
Tramvay Var Mi?
Asansor Var Mi?
Ebeveyn Banyosu
Isitma Tiirii
Otobiis Var Mia? Var e

Denizi Gariiyor Mu?

Dairenin Fivat1 187.212,57"

m
<
m
-+
II

Program SAMSUN ili MERKEZ ilcelerinde bulunan
3+1 dairelerin fivatlarm tahmin etmektediz,

Sekil 1: Fiyat Tahmin Robotu ile bir konutun denizi gérmesinin
fiyatina etkisinin incelenmesi

4. SONUC

Samsun Karadeniz Bolgesi’nin ilk biiylksehir
belediyesine ve ilk vakif iiniversitesine sahip bir kenttir.
Tarihi 6neminin yani sira bolgesinin sosyoekonomik ve
kiiltiirel olarak en gelismis sehridir. Samsun’da son
yillarda kentsel doniisiim kapsaminda kamu ve 6zel sektor
eli ile ¢ok sayida yeni konut insa edilmistir. Bu binalar
sehrin ¢ehresini hizl bir sekilde degistirmistir. Bu ¢aligma
da Samsun merkez ilgeleri konut fiyatlar1 incelenmis olup,
s6z konusu kentsel doniisiimden en az nasibini alan
ilkadim ilgesi olmustur. Ozellikle TOKi’nin yatirrm
yaptig1 Canik ve ¢ok sayida ingaat firmasinin son yillarda
art arda bina insa ettigi Atakum nispeten daha yeni
binalara sahiptir. Ancak bu yeni binalara sahip olma
ortalama fiyat bakimindan Canik ilgesini genellikle eski
binalarm oldugu flkadim’in 6niine gecirememistir. Bu
durumun nedeni Tlkadim’1n kentin tam merkezinde olmasi
ve TOKI binalarmin malzeme ve iscilik anlaminda
ortalama bir kaliteye sahip olmasidir. Ancak Atakum’da

inga edilen dairelerin daha likks yapilar olmasi, ilgeyi
kentin cazibe merkezi haline doniistiirmekte ve fiyatlar
arttirmaktadir.

Elde edilen sonuglara gore dairenin 6zelliklerine gore
fiyatinin hangi oranlarda degistigi belirlenmektedir.
Kullanilan model logaritmik bir model oldugundan elde
edilen katsayilar ayni zamanda esneklik katsayilaridir
(Daskiran,2015). Bu baglamda dairenin bir metre kare
daha biiyiik olmasi fiyatin1 %0,6 oraninda arttirmaktadir.
Bina yas1 5 ve daha yiiksek olan konutlarin fiyati, 0-4
yasindakilere gore %8,9 daha wucuzdur. Dairenin
bulundugu kat 1 ve {izeri oldugunda bodrum-zemin kattaki
dairelere gore %18,1 daha pahali olmaktadir. Konutun
yakininda tramvay duragi olmasi fiyat1 %7, otobiis duragi
olmasi %5,3 arttirmaktadir. Dairenin asansére sahip
olmasi fiyatin1 %7.7, ebeveyn banyosuna sahip olmasi
%7.1, kalorifer ile 1sitma sistemine sahip olmasi soball
olmasina nispeten fiyatini %22.9 arttirmaktadir. Ayrica
denizi gbren bir dairenin fiyati da gérmeyene goére %3.8
daha fazladir.

Ayrica s6z konusu bulgular i¢in tiiketicinin kolayca
kullanabilecegi basit bir program yazilmis ve yazarin web
sayfasinda (URL 3) yaymlanmistir. Boylece ¢aligmanin
bilimsel olmasinin yani sira giinliikk hayata kolaylik
sunarak ekonomiye de katki saglayacag: diistiniilmektedir.
S6z konusu program 2016 yili sonuna kadar yazarin
sayfasinda bulunacak olup, daha sonra giincelligini
kaybedecegi diisiiniildiigiinden kaldirilacaktir.

Samsun ili i¢in bundan sonra yapilacak c¢alismalarda,
3+1 oda sayisina sahip konutlar ve merkez il¢e kapsamlari
genisletilebilir ve bu c¢alismada kullanilan bazi kisitlar
kaldirilarak ¢aligma giincellenebilir.
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Abstract

Despite the existing public and government measures for monitoring and controlling of air quality in Ankara, in many regions, air quality
is not satisfactory. In this paper, PM10 data obtained from Monitoring and controlling of air quality station of Environment and Urban
Ministry in Ankara-Sihhiye. PM10 is a mixture of solid particles and liquid droplets suspended in the atmosphere, which is an abbreviation
of particulate matter. This representation contains many pollutants, such as fossil fuels, waste and secondary aerosols, dust and smoke.
PM10 leads to many health problems including asthma and premature death. Time series analysis was implemented to the PM10 data by
using Box-Jenkins Methodology and the potential future value of PM10 was forecasted consequently in the future PM10 values will be as
high as the past values in Sihhiye, Ankara.

Keywords: Air Pollution, PM10, Box-Jenkins, ARIMA.

Jel Code: C22, C53, Q53

ANKARA'DAKI HAVA KIRLILIGI ICIN ZAMAN SERILERI
ANALIZI VE TAHMIN: BOX-JENKINS YAKLASIMI

Ozet

Ankara’nin pek ¢ok semtinde hava kalitesi kontrol ve dl¢lim istasyonlar1 olmasina ve hava kalitesi dl¢timiiyle ilgili ¢aligsmalar yapilmasina
ragmen, hava kalitesi istenilen seviyelerde degildir. Bu ¢alismada,Cevre ve Sehircilik Bakanliginin Ankara-Sihhiye’deki hava kalitesi 6l¢iim
istasyonundan alinan PM10 hava kirleticisine ait veriler incelenmistir. PM 10, atmosferde asili duran kat1 partikiillerin ve sivi damlaciklarin
bir karigsim olan partikiiler maddenin kisaltmasidir. Toz, duman, fosil yakit artig1 ve ikincil aerosoller gibi pek ¢ok kirleticiyi igeren bu
gosterim, astim ve erken Olimii de igeren pek ¢ok saglik sorununa neden olmaktadir. Bu PM10 verilerine Box-Jenkins Metodolojisi
uygulanarak zaman serileri analizi yapilmig ve PM10 kirleticisinin gelecekte alacagi degerler tahmin edilmistir. Gelecekte de PM10 hava
kirleticisi degerinin Sihhiye-Ankara’da yliksek olacagi sonucuna ulagilmustir.

Anahtar Kelimeler : Hava Kirliligi, PM10, Box-Jenkins, ARIMA

Jel Kodu : C22, C53, Q53
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1. GIRIS

Gilintimiizde hava kirliligi, sanayi, ara¢ kullanimi ve
1sinma gibi problemler nedeniyle artan fosil yakit
kullanimi yiizinden insan ve ¢evre sagligin biiyiik dlctide
tehdit etmektedir. Bir¢ok iilke hem ulusal hem de
uluslararasi anlagsmalarla hava kirligini azaltma yoniinde
caligmalar yapmaktadirlar. Tirkiye’de bu Onlemleri
almaya calisan bir iilkedir. Bunun i¢in iilke genelinde pek
¢cok sehirde Cevre ve sehircilik Bakanliginin yetkili
oldugu Hava Kalitesi Ol¢iim istasyonlar: kurulmustur. Bu
istasyonlardan saatlik veriler toplanmakta ve analiz
edilmektedir. Ankara’nin pek c¢ok semtinde Onemli
noktalarda istasyonlar mevcuttur. Bu istasyonlardan biri
de Sihhiye’de trafigin ve kirliligin ¢cok yogun oldugu
merkez bir noktada bulunmaktadir.

Cevre ve Sehircilik Bakanligi'nin 28 Subat 2014
tarihinde, 2013 yilina ait Hava Kalitesi Haber Biilteninde
[1] yapilan agiklama ile Tiirkiye’de 2013 yili boyunca en
yiiksek PM10 kirliliginin Ankara-Sihhiye istasyonunda
olgiildiigii belirtilmistir. Bu da Ankaralilarin sagligi tehdit
etmektedir. Buna ek olarak Kimya Miihendisleri Odasinin,
1 Mart 2014 tarihli Basin Agiklamasinda da bu konuya
deginilmis ve acilen yetkililerce Onlem alinmasi
gerektiginden bahsedilmistir.

Elde edilen bu bilgilerden ve uyarilardan yola ¢ikarak
Ankara’nin Sihhiye istasyonu ve hava kirleticilerinden
PMI10 kirleticisinin bu calismada kullanilmasma karar
verilmistir. Sithhiye istasyonunun secilmesindeki bir bagka
neden ise en fazla sayida hastanenin ve hastanin Sihhiye
semtinde bulunmasidir. Buradaki hava kirliliginin hastalar
acisindan daha ciddi etkilere sebep olabilecegi gercegidir.

PMI10 kirleticisi, partikiiler maddenin gosterimidir.
Partikiller madde atmosferde asili bulunan kati
partikiillerin ve sivt damlaciklarin bir karigimidir. Toz,
duman, is gibi baz1 gozle goriilebilir partikiiller ve gozle
goriilemeyenler dahil pek ¢ok kaynaktan olusur. Bunlara
ornek vermek gerekirse: fosil yakit artigi, polenler, yerden
kalkan tozlar, ingaat ve endiistrinin neden oldugu tozlar,
azot, siilfiir ve amonyak oksitlerinin havada reaksiyonu ile
olusan ikincil aerosoller vb. PM10 kisaltmasindaki 10
degeri ise aecrodinamik ¢aplar1 10 pm’den daha kii¢iik olan
partikiilleri gdsterir ve bu partikiiller ¢ok ince partikiiller
olarak adlandirilir. PMI10 kirleticileri akcigerlerin
derinliklerine niifuz ederek astima ve erken oSlimii de
iceren pek c¢ok ciddi saglik sorunlarmma neden
olmaktadir[16]. Bu nedenle bu ¢aligmada PM10 degeri
iizerinde durulmustur.

Ulkemizde ¢evre saglig1 konusunda gegmiste yapilan
caligmalar incelendiginde goriiyoruz ki: Cevre sagligi
konusuna ilk olarak 1930 yilinda kabul edilen 1593 sayili
Umumi Hifzissthha Kanunu'nun 268-275. maddelerinde
deginilmistir. 1957 yilinda giindeme gelen Ankara’daki

hava kirliligi, farkli hiikkiimet programlarinda yer almustir.
9 Agustos 1983 tarihinde 2873 sayili Cevre Kanunu
yiriirliige girmistir. Bu kanun; c¢evrenin korunmasi,
iyilestirilmesi, kirsal ve kentsel alanlarda arazinin ve dogal
kaynaklarmm en uygun sekilde kullanilmasi, dogal ve
tarihsel zenginliklerin korunarak bugiinkii ve gelecek
kusaklarin saglik, uygarlik diizeylerini korumak amaciyla
almacak onlemler ve diizenlemeleri kapsamaktadir[7].
Ankara, baskent olmasi nedeniyle 1950’lerden itibaren
hizla bir i¢ ve dig gége ugramis, hizli niifus artisi ve plansiz
kentlesme nedeniyle birgok c¢evre sorunlart meydana
gelmeye baslamistir. Ayrica Ankara’nin topografik yapisi,
rliizgar ve yagis gibi nedenler de hava kirliliginin hizla
artmasina sebep olmustur. Ankara’daki hava kirliliginin
temel nedenleri: Endiistriyel ve sanayilesmeden
kaynaklanan hava kirliligi, 1smnma amagli kullanilan
yakitlardan kaynaklanan hava kirliligi, tasima araglarinda
kullanilan yakitlarin yanmasiyla olugan hava kirliligi,
hizla artan kentlesme ve orman alanlarinin azalmasindan
dogan hava kirliligidir.

2. LITERATUR TARAMASI

Sungur 1977, ¢alismasinda Ankara’da hava kirliliginin
en onemli klimatolojik nedeninin sehrin {izerinde olusan
1s1  evirmesi oldugunu vurgulamistir. Ayrica 1s1
evirmesinin etkisini azaltmak veya ortadan kaldirmak i¢in
zeminin 1sitilmasinin 6nemi belirtilmistir[19].

Durmaz vd. 1993, calismalarinda Ankara’daki hava
kirliligi sorununu ele alarak, teknik ve tekno-ekonomik
yonden degerlendirmisler, ileriye doniik olarak uygun
yakit ve yakma sistemlerinin belirlenmesine yonelik
kistaslar tizerinde durmuslardir[10].

Cuhadaroglu ve Demirci 1997, ¢aligmalarinda Trabzon
sehrinde hava kirleticilerden SO, ve parcacik madde ile
meteorolojik parametrelerden sicaklik, riizgar hizi ve bagil
nem arasindaki iligskiyi SPSS programini kullanarak analiz
etmiglerdir. Bu iligkinin orta ve zayif diizeyde oldugu
belirlenmistir[8].

Sungur ve Gonenggil 1997, arastirmalarinda hava
kirliliginde riizgar, tiirbiilans, 1s1 evirmesi, sicaklik, nispi
nem ve yagisin etkilerini ortaya koymuslar. Ozellikle
yiiksek basing kosullari, 1s1 evirmesi ve riizgarsizligin
havaya katilan kirleticilerin uzaklagsmasini engelleyerek
kirlilik ~ yogunlugunda artisa neden  oldugunu
belirtmislerdir[20].

Mayer 1999, Almanya’nin Stuttgart sehrinde hava
kirleticilerden NO,NO, ve 03 degerlerini ele aldigi
makalesinde, motorlu tasitlardan yayilan kirleticilerin
biitin  diinyada en Onemli kirletici  kaynagim
olusturdugunu belirtmistir. Bu kirleticilerin zaman serileri
ve egilimlerinin hesaplandig1 ¢aligmada diinyadaki biiyiik
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sehirlerdeki hava kalitesi hakkinda genel niceliksel
degerlendirmeler yapilmistir[20].

Bouhamra ve  Abdul-Wahab 1999, Kuveyt
Universitesine ait gezici hava kirliligi 6lgme laboratuvari
tarafindan toplanan verilerin istatistiksel analizini
yaptiklar1 ¢alismada trafigin yogun oldugu Mansouriya
yerleskesi secilmistir. Kirleticilerden CO, NO, NO, ve O,
degerleri, meteorolojik parametrelerden ise sicaklik, bagil
nem, basing, solar radyasyon, riizgar hizi ve yonii ele
almmustir. Calismada kirletici seviyelerinin, ABD Cevre
Koruma Ajansi’nin yerlesim alanlar igin tavsiye ettigi
limitlerin altinda oldugu tespit edilmistir[4].

Comrie ve Diem 1999, calismalarinda ABD’nin
batisinda yiiksek hava kirliliginin ¢esitli hava tipleriyle
iligkili oldugunu saptamislar, yiiksek basinca bagli sakin
hava kosullarinin kirlilik iizerinde etkili oldugunu
belirlemislerdir[6].

Cicek vd. 2004, calismalarinda Ankara’daki hava
kirliliginin istatistiksel analizini yapmislardir. Bunun igin
Kasim 2001 ve Nisan 2002 donemindeki hava kirliligi
Olciim verilerini kullanmiglardir. Hava kirliligine neden
olan elemanlarla, sicaklik, riizgdr hiz1 ve nemlilik gibi
iklim elemanlar1 arasindaki iliskiyi SPSS Programim
kullanarak analiz etmislerdir. Coklu regresyon analizi ile
elde ettikleri sonuglarla baslica hava kirleticileri ile iklim
elemanlart arasinda orta derecede iliski tespit
etmislerdir[7].

Roberts 2004, ¢alismasinda Illinois ve Pennsylvania
eyaletlerinde 1987-1994 zaman periyodundaki oliim
oranlar1 lizerindeki partikiiler hava kirliligini, sicaklikla
katmanlastirarak ve hava kirliligi-sicaklik etki yiizeyleri
baglantisin1  kullanarak yaptiklar1 analizde giinlik
ortalama sicaklik ve giinlik partikiiler hava kirliligi
arasinda etkilesim tespit etmislerdir. Bu etkilesimin, hava
kirliligi kaynakli 6lim oranlarinin tizerindeki etkisine
dikkat ¢ekmiglerdir[17].

Wilson vd. 2004, calismalarinda 1998-2000 yillar1 arast
Portland, Maine ve 1996- 2000 yillar1 arasinda
Manchester, New Hampshire kentlerinde hastanelerin acil
servislerine solunum ve astim sikayetleri ile bagvuranlarin
sayilariyla hava kirleticilerinden siilfiir dioksit ve ozonun
giinliik miktarlar1 ve hava degisiminin arasindaki iligkiyi
incelemiglerdir. Mevsimsel etki, tiim degiskenlerden
parametrik olmayan yumusatilmis fonksiyon (LOESS)
kullanilarak ¢ikartilmigtir. Siilfiir dioksitin ve ozonun ayr1
ayrt ceyrekler arasi yiikselmesinin, acil servislerde
solunum hastalarinin sayisin1 %5 oraninda arttirdigini
tespit etmislerdir[21].

Lee vd. 2007, calismalarinda hava kirliliginin,
Londra’daki erken dogumlar fizerindeki kisa donem
etkilerini zaman serileri regresyon teknikleri ile analiz
etmislerdir. 13 yil siiren bu ¢alisma sonucunda higbir iligki
tespit edilememistir[14].

Dogan ve Kitapcioglu 2007, ¢aligmalarinda Izmir
ilinin,1989-2004 yillar1 arast Hava kirliligi ortalama
degerlerini Devlet istatistik Enstitiisii Baskanligir kis
sezonu hava istatistiklerinden elde ettikleri verilerle tek
degiskenli zaman serisi analizi, egilim egrisi anlamlilig
testi ve egilimler arasi kirilmanin anlamlilifi testini
yapmuglardir. Hava kirleticileri ile ilgili gzlenen diistisleri
istatistiksel olarak anlamli bulmuslardir[9].

Anttila ve Tuovinen 2010, ¢alismalarinda 1994-2007
periyodunda  Finlandiya’daki hava  kirleticilerinin
atmosferik yogunluklarinin trendini hesaplamiglardir.
Bunun i¢in ARMA ve en kiiciikk kareler regresyonu
yontemlerinden yararlanmiglardir. Yillik veriler yerine
aylik verilerden yararlanarak en zayif trendlerin bile
belirlenmesini saglamislar[2].

Zhang vd. 2011, calismalarinda, Cin’in Beijing
kentinde hava Kkirleticiler ile Alerjik Rinit sikdyetiyle
hastanelere basvuranlar arasindaki yiiksek derecede
dogrusal olmayan ve duragan olmayan etki-tepki iliskisini
genellestirilmis toplamsal model (GAM) ile 2009-2010
periyodu igin zaman serileri analizini yapmiglar. Bunun
sonucunda hava kirliligi ile Alerjik Rinit sikayetleri
arasinda yiiksek iligkinin varligini belirlemiglerdir[23].

Ivanov vd. 2014, c¢alismalarinda Bulgaristan’in
Blagoevgrad sehrindeki hava kirleticilerini faktdr analizi
yontemiyle gruplandirip, sehirdeki hava kalitesini Box
Jenkins mevsimsel ARIMA modeliyle analiz etmislerdir.
Sunduklar1 istatistiksel modelin kisa dénem karmagik
olmayan hava kirliligi tahmin modellerinde etkili ¢6ziim
verdigini belirtmislerdir[12].

Santos vd. 2014, ¢aligmalarinda Ocak 2005’ten Aralik
2010’a kadar olan periyotta Brezilya’nin
giineydogusundaki hava kirleticileri ile 6 yasindan kii¢iik
cocuklarin hastanelere bagvurulart arasindaki iligkiyi
belirlemek icin ¢evreyle ilgili zaman serisi analizi
yapmuglardir.  Bunun igin ARMA  yo6nteminden
yararlanmiglardir. Hava kirleticileri ve hastaneye bagvuran
6 yasindan kiigiik g¢ocuklar arasindaki iliski riskinin
genellestirilmis toplamsal mevsimsel otoregresif model
kullanildiginda %3 arttigi, normal genellestirilmis
toplamsal model kullanildiginda artisin %2 oldugunu
saptamiglardir[18].

3. UYGULANAN METODOLOJI
3.1. Box-Jenkins Tahmin Modelleri

Box-Jenkins metodu tek degiskenli bir model olarak
gelecegi tahmin etme metotlarindan biridir. Kisa dénem
tahmininde oldukga basarili olan bu metodun uygulandigi
serinin, esit zaman araliklariyla elde edilen gozlem
degerlerinden olusan kesikli ve duragan bir seri olmasi bu
metodun Onemli bir varsayimidir. Bu tiir serilerde
duraganlik kavrami da Box-Jenkins metodunun 6nemli
varsayimlarindandir. Box-Jenkins metodunun ihtiva ettigi
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modeller; zamana bagl tesadiifi karakterde olaylar ve bu
olaylarla ilgili zaman serilerinin ise stokastik siire¢ oldugu
varsayimina bina edilerek gelistirilmistir. Ayrica i¢
bagimlilik en etkili bi¢imde dikkate alinmaktadir. Bu
ozelliklerinden dolayr Box-Jenkins modellerine dogrusal
duraganstokastik modeller dedenmektedir. Box-Jenkins
modelleri {i¢ grupta incelenebilir. Bunlar; dogrusal
duragan stokastik modeller, duragan olmayan dogrusal
stokastik modeller ve mevsimlik modellerdir[3].

Box Jenkins Model belirleme Adimlari:

1. Genel model sinifinin belirlenmesi,

2. Gegici model smifinin belirlenmesi,

3. Belirlenen gecici modelin parametrelerinin tahmini,

4. Parametreleri hesaplanan gegici modelin verilere
uygunlugunun testi,

5. Eger model verilere uygunsa, modelin tahmin i¢in
kullanilmasi,

6. Eger model verilere uygun degilse aynit model

siifindan bagka bir model i¢in islemlerin
tekrarlanmasi.

3.1.1. Dogrusal Duragan Stokastik Modeller

Dogrusal duragan stokastik modeller istatistiki bir
dengeyi ifade etmektedir. Gozlem degerleri sabit bir
ortalama etrafinda degisim gosterir[13].

3.1.1.1. Otoregresif Model [AR(p)]

Bir AR modelinde, bagimli degisken gecmigteki
degerinin bir fonksiyonudur. Bir¢ok zaman serisi verisi de
bu siireci igermektedir. Bu durum asagidaki gibi bir
denklemle ifade edilebilir.

Xt =a+a; *Xi_q+a*x;_ o+ +¢€

Burada, a , sabit terimi temsil ederken a, gibi
katsayilarda gecikmeli degerlerin simdiki degerle olan
iligkisini temsil eder. Ayrica ¢ hata terimi de rassal soklari

tanimlamaktadir. Otoregresif siire¢ genel olarak AR(p)
seklinde ifade edilir.

3.1.1.2. Hareketli Ortalama Modeli [MA(q)

Eger serinin gecikmeli hata terimi, simdiki hata
terimini etkiliyorsa hareketli ortalama siireci tanimlanir.
Bir hareketli ortalama siirecinde degiskenin tahmin degeri
hata terimlerinin tahmin degeri ile ilgilidir. Bir hareketli
ortalama siireci,

X =€ —aqe_1—t=12,..,n

Seklinde ifade edilebilir. Genel olarak harketli ortalama
stireci MA(q) seklinde ifade edilir. Hareketli ortalama
siirecinde, her bir gecikmeli hata terimi onun simdiki
degerini etkilemektedir.

3.1.1.3. Otoregresif Hareketli Ortalama Modeli [ARMA
(P, 9)]

Zaman serisi modellerinde esneklik saglamak i¢in en az
sayida parametre kullanma ilkesini gerceklestirmek
amaciyla bazi hallerde modele hem otoregresif hem de
hareketli ortalama parametrelerinin alinmasi birgok
faydalar saglamaktadir. Bu diisince ARMA(p,q)
modelini ortaya ¢ikarmigstir[13]. Bu modelin, bir zaman
serisinin herhangi bir t donemine ait X (t) gézlem degeri,
ondan &nceki belirli sayida x(._1y, X(t—2), -+ » X(t—p)€0zlem
degerlerinin  ve a;, a¢_y,..,a,_q hata terimlerinin
dogrusal birlesiminden meydana gelmektedir.
ARMA(p, q) stirecinin genel ifadesi:

A = Q1xeq + Paxep + .t ¢pxt—p +a;—0,a,4 —

O,a; 5 — - — gqat—q @

Xt — (¢1xt—1 + ¢oxp+ .t ¢pxt—p) =ag—
O1ap_1 — 00,5 — = 0404 2)
seklinde yazilir.

3.1.2. Duragan Olmayan Dogrusal Stokastik Modeller
[ARIMA(p, d, q)]

Duragan olmayan bir zaman serisini duragan hale
getirmek i¢in ihtiya¢ durumuna gore serinin genellikle 1
veya 2 defa farki alinir. Fark alma derecesi d ile gosterilir.
Duragan olmayip farki alinarak duragan hale getirilmis
serilere uygulanan modellere duragan olmayan dogrusal
stokastik modeller veya kisaca biitiinlesmis modeller
denir[5].

Bu biitiinlesmis modeller belirli sayida farki alinmig
serilere uygulanan AR ve MA modellerinin birlegimidir.
Eger AR modelinin derecesi p, MA modelin derecesi g ve
serinin de d kez farki alinmigsa bu modele (p,d,q)
dereceden otoregresif biitiinlesik hareketli ortalama
modeli denir ve ARIMA(p,d, q) seklinde gosterilir[5].
ARIMA(p, d, q) modelinin genel ifadesi

w(t) = ¢gw(t—1) + gw(t —2)+ ..+ pw(t —

p) +a(t) —0,a(t —1) — Ba(t —2) — - — Ga(t —

) ©)
seklindedir. Bu ifadede (5) esitligindeki x¢, X¢_q, ..., X¢—p
gbzlem degerlerinin yerini, farki alinmis

Wi, We_1, -, We—py g0zlem degerleri almistir. Yani Adx, =
w, dir. Burada:

A = Fark alma operatorii,

d = Fark alma derecesi,

W, We_q, eon s We_p™ Farki alinmis seri. Fark derecesi d =
0 ise zaten seri duragandir. Eger d = 1 ise,

Axe = we = Xp — Xpq 4)
veya geriye Oteleme operasyonu ile,

Ax, = w; = (1 — B)x, seklinde yazilir. Bu ifade d.
dereceye genellestirilirse,

Adx, =w, = (1 — B)dx; 5)
seklini alir (Bircan ve Karagoz, 2003).
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3.2. Duraganlik Testi:

Zaman serileri ¢oziimlemesinde serilerin duragan
olmast dnemlidir. Bir seri eger duragan degilse farkli veri
setlerinde farkli goriintiiler sergiler. Bu durumda serinin
davranist diger donemlere genellenemez ve gelecegi
tahmin etmek icin yararli olmaz. Duraganlik aranan bir
ozellik olduguna gore, elimizdeki bir zaman serisinin
duragan olup olmadigini bilmek isteriz. Uygulamada bir
serinin duragan olup olmadigini anlamak cesitli bicimsel
ve bigimsel-dis1 yontemlere konu olur[22].

Bir serinin duragan olup olmadigini anlamanin bir
yontemi;  korelogram  grafiginin  incelenmesidir.
Otoregresif siireci gosteren bu korelogramlarda duragan
olmayan serilerde istatistiksel olarak sifirdan anlamli
derecede biiyiik ve diizenli azalan otoregresif degerler
oldugu goriiliir. Duragan serilerde tiim otoregresif
degerlerin sifira yakin ¢ikmasi beklenir.

Serinin duragan olup olmamanin sinanmasinin bir diger
ve en yaygin kullanilan yolu Dickey-Fuller (DF) Birim
Kok Sinamasidir. DF sinamasint uygulamak, olast birim
kok siirecinin dogasina iliskin bazi segimler yapmayi
gerekli kilar. Dolayisiyla, sinama i¢in, agsagidaki dort ayri
belirtim kullanilabilir:

Sabit terim olmadan: AY; = 6Y,_; + u;

Sabit terim ile: AY, = 1 + 6V +u,

Sabit terim ve egilim: AY; = B; + Syt + 6Y,_; + u;
Sabit terim ve iistel egilim: AY, = §; + St + Bst? +
oY1 +u;

Yukaridaki belirtimlerden hangisinin kullanilacagina
gorsel inceleme sonunda karar verilir.

DF smamasinda ut ’nin otoregresif olmadigi
varsayllmaktadir. Bu cogunlukla gecerli olmadigt igin,
yukarida gosterdigimiz model belirtimlerinin sonlarina
AY; ’nin gecikmeli degerleri eklenerek simama
genisletilmistir. Bu yeni sinamaya “Genisletmeli Dickey-
Fuller” (Augmented Dickey-Fuller) ya da kisaca “ADF”
smnamast denir. Sabit terimsiz ADF sinama belirtimi
sOyledir:

m
AYt = 5Yt—1+=ZaiAYt—i+ut
i=1

Buradaki gecikme derecesi m genellikle Akaike gibi bilgi
oOlciitlerine dayanilarak, yaklasik olarak belirlenmektedir.
DF ve ADF sinamalarinda Y;_;’in Oniindeki 6 degiskeni
biiyiik 6rneklemlerde bile t dagilimini izlememektedir.

Dickey ve Fuller, § nin 6rneklem dagilimina t (tau)
adim1 vermis ve buna ait kritik degerleri Monte Carlo
yontemi ile bulmuslardir. Dolayisiyla, ADF sinamasinin
adimlar1 soyledir:

Sianacak zaman serisi incelenir ve var oldugu
diigiiniilen olasiliksal siirece uygun smama belirtimi

secilir. Model tahmin edilir ve asagidaki ¢ istatistigi
hesaplanir.

)
T=——F"
6h(8)

Sifir 6n savi Hy: 8 = 0 ve karsit 6n sav ise H;: 6 < 0
seklindedir. Diger deyisle ADF tek kuyruklu bir
smamadir. Hesaplanan simama istatistigi c¢izelgeden
bulunan kritik 7 degerinden biiyiikse, birim kok sifir 6n
savi reddedilir[22].

Dickey- Fuller testindeki yapisal kirilmalar vardir ve
seriler ilizerinde trendin etkisini ve bu trende bagli olarak
ortaya ¢ikabilecek hata terimlerinin standart hatasinin
farkli olmasina bagli etkiler yoktur. Bu eksiklik Phillips ve
Perron tarafindan elestirilmistir ve yazarlar literatiirdeki
“Phillips-Perron Testi” olarak bilinen birim kok testini
gelistirmislerdir.

Dickey-Fuller Testi hata terimlerinin istatistiki olarak
bagimsiz olduklarini ve sabit varyansa sahip olduklarini
varsayar. Bu metodoloji kullanilirken hata terimleri
arasinda etkilesimin olmadigina ve sabit varyansa sahip
olduklarina emin olmak gerekir. Phillips ve Perron (1988)
Dickey-Fuller’in hata terimleri ile ilgili olan bu
varsayimini genisletmiglerdir[11]. Bu durumu daha iyi
anlamak i¢in su regresyon dikkate alinir.
Vi=ao+arY g+
Y =ay+a,Y:_ 1 +a, (t —g) + U
Burada T gozlem sayisimi y, hata terimlerinin dagilimim
gostermekte olup, bu hata teriminin beklenen ortalamasi
sifira esittir. Fakat burada hata terimleri arasinda igsel
baglantinin olmadig1 veya homojenlik varsayimi gerekli
degildir. Bu agidan bakildiginda Dickey-Fuller testinin
bagimsizlik ve homojenite varsayimlari Phillips-Perron
testinde terk edilmis hata terimlerinin zayif bagimlilig1 ve
heterojen dagilimi kabul edilmistir. Boylece Phillips-
Perron, Dickey-Fuller t istatistiklerini gelistirmesinde
hata terimlerinin varsayimlari konusundaki sinirlamalar
dikkate almamistir[11].

4. UYGULAMA

Bu ¢aligmada, Ankara Sihhiye istasyonundan 6lgiilen
hava kirliligine iliskin PM10 verilerinin 1 Ocak 2010’dan
31 Ekim 2014’¢ kadar haftalik toplam 232 veri
kullanilmaistir.

Ilk o6nce 232 veriden olusan zaman serisinin
karakteristiginin incelenmesi i¢in Minitab paket programi
kullanilarak zaman serisi grafigi elde edilmistir (Sekil 1).
Ardindan ayrintili  inceleme ig¢in zaman serisinin
otokorelasyon ve kismi otokorelasyon grafikleri
olusturulmus ve incelenmistir (Sekil 2-3).
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Sekil 2. Zaman Serisinin Otokorelasyon Grafigi
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Sekil 3. Zaman Serisinin Kismi Otokorelasyon Grafigi

Zaman serisinin grafigi, otokorelasyon ve kismi
otokorelasyonlart incelendiginde serinin duragan oldugu
ve varyansinda bir degisme olmadigi sonucuna vartlmstir.
Serinin duraganliginin ispat edilmesi i¢in zaman serisine
Genigletilmis Dickey-Fuller Birim Kok Testi, EViews
paket programi kullanilarak uygulanmustir.

Hy: 6 =0 eger td > 1 ise duragan digidir.
Hi:6 <0 egertd <t ise duragandir.

Tablo 1.Dickey-Fuller Birim Kok Testi Sonucu

Test critical values t-Statistic
Augmented Dickey-Fuller -4.167251
test statistic
1% level -3.998635
5% level -3.429570
10% level -3.138293

Dickey-Fuller Birim Kok testine gore kritik degerler,
istatistik degerinden biiyiik olduklar1 i¢in H, hipotezi
reddedilmistir. Yani zaman serisi duragandir veya birim
kok icermemektedir.

Zaman serisinin gecici modelini belirlemek i¢in
otokorelasyon ve kismi otokorelasyon grafikleri
incelendiginde;  otokorelasyonlarin  azaldigi, kismi
otokorelasyonlarin da 3. Gecikmeden sonra kesildigi
goriilmektedir. Otokorelasyonlarin azaltyor olmasi ve
kismi otokorelasyonlarin da p gecikmeden sonra kesilmesi
AR(p) modeli oldugunu gostermektedir. Zaman serisinin
gecici modeli AR(3) veya ARIMA(3,0,0) modelidir. En az
parametreli en uygun modeli belirlemek i¢in AR(1), AR(2),
AR(3), ARMA(1,1) modelleri ile ¢ozilmiis ve sonuglari
Tablo 2’de karsilagtirlmustir.

Tablo 2. Modellerin Uygunlugunu Karsilagtirma Tablosu

R- AIC SIC Likelihood O
Squared Square
ARIMA
(1,0,0) 0412558 0745194 9774999 1123570 365
ARIMA

(3.0,0) 0.457745  9.690866  9.750844  -1105.604 23,8

ARMA
(1,1) 0.436051  9.713039  9.757746  -1118.856 31,9

Tabloda istatistiksel anlamlilik ve duraganlik
kosullarin1 saglayan modeller listelenmistir. Daha iyi
sonu¢ elde edilebilir mi diye diistintilerek serinin 1.
Dereceden farki alinarak da iglemler yapilmistir fakat
istatistiksel olarak anlamsiz parametrelerin  ¢iktig
gOriilmiistiir. Zaman serisi duragandir ve fark almak daha
iyi sonu¢ vermemektedir. AR(2) Modelinin istatistiksel
olarak anlamli olmadig1 belirlendigi icin elenmistir.
Modeller karsilagtirma yapilirken kullanilan kriterler;

v" Minimum SIC

v" Maksimum R KARE
v Minimum AIC

v Maksimum Likelihood

Bu kriterleri saglayan en iyi modelin AR(3) yani
ARIMA(3,0,0) modeli oldugu goriilmektedir

Model belirlendikten sonra AR(3) modeli ile 232 ge¢mis
veri kullanilarak Kasim 2014, Aralik 2014 ve Ocak 2015
icin tahminde bulunmak amaciyla 232°den 244’¢ kadar
olan veriler Eviews paket programi kullanilarak
hesaplanmistir. (Sekil 5-Sekil 6)

Q Istatistigi Uygunluk testi yapilarak hata terimlerinin
birbirinden bagimsiz oldugu sonucuna varilmigtir. Hata
terimleri normal dagilima uymaktadir (Sekil 4).

Q istatistigi: HO: pl=p2=...=pk=0,

H1: En az bir pj # 0 Q(k) degiskeni <y kare
degiskeninden olursa HO hipotezi kabul edilir yani hata
terimleri birbirinden bagimsizdir.
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Q(53)= 57,154 < y kare (0,95,50)= 67,50
oldugundanHO hipotezi kabul edilmistir. (Sekil 4)
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Sekil 5. Gergek Gozlem Degerleri, Tahmin Degerleri ve Hata Terimleri
Karsilastirmali Grafigi

Yapilan tahmin islemlerinden PM10 kirleticisinin
alabilecegi degerlerin 83.21 ortalamasina yaklastig
sonucuna varilmistir. Bu en olast ihtimalle hava
kirliliginin 83.21 PM10 degerlerinde olacagini ve bu
degerden daha yiiksek degerler de alabilecegini
gostermektedir. Hava kirliligi siniflandirma gostergesinde
83 degeri orta diizeyde kirlilik araligi olan 51-100 deger
araliginda oldugu goriilmektedir. (Sekil 7)
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5. SONUC VE TARTISMA

Ankara’nin en yliksek PM10 degerlerine sahip oldugu,
ilgili bakanlhigmn 2013 yilindaki agiklamasindan yola
cikilarak incelenmeye baslanan Sihhiye istasyonundan
edinilen 5 y1llik zaman dilimindeki veriler kullanilarak bu
calisma yapilmistir. Sthhiye bolgesinde hava kalitesinin
iyi seviyelerde olmadigi, yapilan hesaplamalarda
gelecekte alacagi degerlerin ortalama 83.21 tahmini
degerine sahip oldugu belirlenmigtir. Bu da PM10
kirleticisinin gelecekte alacagi tahmini degerin hava
kalitesi 51-100 gosterge araligina denk geldigi, bu araligin
da hava kalitesi siniflandirmasinda hava kalitesinin orta
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diizeyde oldugunu ve Sihhiye’deki hava kalitesinin
geemiste oldugu gibi gelecekte de bu diizeylerde
seyredecegi belirlenmistir.

Bu c¢alisma, hava Kkalitesi kontrol islemlerinden
sorumlu Cevre ve Sehircilik Bakanligina gelecege dair bir
bilgi vermeyi amaglamaktadir. Pek ¢ok hastanenin ve
hastanin yogun olarak bulundugu bu bdlgede hava
kalitesini  arttirict ~ Onlemlerin  acilen  alinmasi
gerekmektedir. Hava Kkirleticilerinden &zellikle biiyiik
6l¢iide kanser yapici etkiye sahip olan PM10 degerlerinin
azaltilmasina yonelik caligmalar yapilmalidir.
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Abstract

Survival analysis is a collection of statistical methods for analyzing data where the outcome variable is the time until the occurrence of an
event of interest. Outliers in survival analysis calculated differently from classical regression analysis. Outlier detection methods in survival
analysis are commonly carried out based on residuals and residual analysis. In survival analysis, there are different types of residuals that
are Cox-Snell, Martingale, Schoenfeld, Deviance, Log-odds and Normal deviance residuals. There are methods which are DFBETA, LMAX
and Likelihood Displacement values for detecting influential observations. The residuals are analyzed during the study which is applied on
a stomach cancer data set and the outliers are detected. After omitting these outliers, model is set up again and results were found better..
Keywords: Survival analysis, survival models, outliers, influential observations, residuals.

Jel Code: C10, C14, C19, C24

YASAM COZUMLEMESINDE AYKIRI DEGERLER

Ozet

Yasam ¢oziimlemesi, tanimlanan herhangi bir olayin ortaya ¢tkmasina kadar gegen siirenin incelenmesinde kullanilan istatistiksel yontemler
biitiinlidiir. Yasam ¢oziimlemesinde aykiri degerler klasik regresyonda kullanilan yontemlerden farkli yontemler kullanilarak
hesaplanmaktadir. Yasam ¢oziimlemesinde aykiri deger belirleme yontemleri artiklara ve artiklarin analizine dayanmaktadir. Yasam
¢oztimlemesinde kullanilan baglica artik tiirleri Cox-Snell, Martingale, Schoenfeld, Sapma, Log-odds ve Normal sapma artiklaridir. Etkili
gdzlemleri belirlemek igin kullanilan yéntemler ise DFBETA, LMAX ve Olabilirlik Degisim degerleridir. Incelenen artik tiirleri mide
kanseri ile ilgili verilere uygulanmis ve aykiri degerler belirlenmistir. Belirlenen aykir1 degerler ¢ikarilarak model yeniden kurulmus ve
aykirt degerler ¢ikarildiginda sonuglarin daha iyi oldugu goriilmiistiir.

Anahtar Kelimeler : Yasam ¢oziimlemesi, yasam modelleri, aykiri degerler, etkili gozlemler, artiklar
Jel Kodu : C10, C14, C19, C24.

L. ozellikle Cox orantili tehlikeler modelinde degisik

1. GIRIS amaglarla kullanilabilecek degisik artik tiirleri vardir
(Fitrianto & Jiin, 2013).

Yasam ¢ozlimlemesinde en yaygin kullanilan artik tiirii

& B i . o ) Cox ve Snell (1968) tarafindan Onerilen Cox-Snell

saglanma'dl'gmm kontrol e'dllmem gereklldlr'. .Modellr} artiklaridir (Cox & Snell, 1968). Bu artik tiirii modelin

kpntrolu igin tan yontemleri, modﬂelleme' suregmln onemli uygunlugunun kontrolii i¢in kullanilir. Diger bir artik tiiri

bir kismidir (Collett, 1994). Bu siireglerin ¢ogu artiklarin olan Martingale artiklari Barlow ve Prentice (1988)

analizine  dayanmaktadir.  Yasam  ¢6ziimlemesinde tarafindan onerilmistir ve Cox-Snell artiklarinin dogrusal

Eldeki veri kiimesine bir model uyarlandiktan sonra,
uygulanan modelin varsayimlarinin saglanip
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doniistimiidiir. Martingale artiklari aciklayici
degiskenlerin modele uyumunu belirlemede kullanilir
(Barlow & Prentice, 1988). Benzer sekilde sapma artiklari
da Martingale artiklarinin doniigiimiidiir. Aykirt degerler
genellikle Therneau, Grambcsh ve Fleming (1990)
tarafindan Onerilen sapma artiklar1 ile goriintiilenir
(Therneau, Grambcsh & Fleming, 1990). Flemming ve
Harrington (1991) sapma artiklarinin referans drnekleme
dagilimma sahip olmadigina ve veri kiimesinde
durdurulmus gézlemler olmadiginda bile standart normal
dagilim yaklagimmin tatmin edici olmadigina dikkat
cekmistir (Flemming & Harrington, 1991). Nardi ve
Schemper (1999) bu problemin iistesinden gelmek icin
yeni artik tlirleri onermistir. Bu yeni artik tiirlerinin, aykiri
degerleri belirlemede daha dogru bir sonug verdigi iddia
edilmektedir. Bu yeni artiklar log-odds ve normal sapma
artiklaridir (Nardi & Schemper, 1999). Diger bir artik tiirii
ise Cox orantili tehlikeler (Cox proportional hazards)
modelinde orantililik varsayiminin testinde yaygin olarak
kullanilan ve Schoenfeld (1982) tarafindan Onerilen
Schoenfeld artiklaridir (Schoenfeld, 1982).

Bu c¢alismanin amaci, yasam ¢Oziimlemesinde
karsilasilan aykirt degerleri tanimlama yodntemlerini ve
uygulama alanlarini incelemektir. Bu amagla artik tiirleri
incelenmis ve gercek bir veri kiimesi {zerinde
uygulanmugtir.

2. YASAM COZUMLEMESI

Yasam ¢ozlimlemesi, ilgilenilen herhangi bir olayin
ortaya ¢ikmasina kadar gegen siirenin incelenmesinde
kullanilan ¢6ziimleme yontemleri toplulugudur. Gegen
stire;  aragtrmanin ~ basindan  ilgilenilen  olay
gergeklesinceye kadar gecen yillari, aylari, haftalari,
giinleri ya da olay gerceklestigi anda birimin yasini ifade
eder. Olay ise Oliim, hastaliga yakalanma, hastaligin
kotliye gitmesi, iyilesme, ise donme ya da birimin basina
gelebilecek ilgilenilen herhangi bir olay1 ifade eder
(Kleinbaum & Klein, 2005).

Yasayan bir organizmanin ya da cansiz bir nesnenin
belirli bir baglangi¢ zamani ile basarisizlig1 arasinda gecen
zamana “yasam siiresi” ya da “basarisizlik siiresi” adi
verilmektedir. Her bir birime ait yasam siiresi, tanimi
geregi siirekli ve pozitif bir degere sahiptir (Elandt-
Johnson & Johnson, 1980).

Yasam ¢oziimlemesinde kullanilan modellerin diger
istatistiksel modellerden temel farki zaman degiskeninin
yapisindan dolay1 durdurulmus (censored) gozlem igeren
veri kiimesi i¢in tasarlanmusg istatistiksel yontemler biitiinii
olmasidir. Durdurma genel olarak, calismanin bitis
noktasina kadar olayin gozlenememesi (administrative
censoring), c¢alisma bitmeden birimle ilgili bilgi
alimamamasi (lost to follow- up), baska bir olayla (baska
nedenden olim, ilag reaksiyonu gibi) karsilasma
(withdrawing) nedenleri ile meydana gelir. Bu gibi

nedenlerle birimler daha fazla gozlemlenemez ve bu
birimler "durdurulmus gézlem" olarak ifade edilir (Kul,
2010).

2.1. Cox Orantili Tehlikeler Modeli

Yasam ¢oziimlemesinde en ¢ok kullanilan model Cox
orantili tehlikeler modelidir. 1972 yilinda Cox tarafindan
gelistirilen regresyon modeli ile yasam ¢oziimlemesinde
onemli adimlar atilmig, Cox (1972)’un Onerileri,
Kalbfleisch ve Prentice (1980)’in katkilar1 ile bugiinkii
onemini kazanmigtir. Cox orantili tehlikeler modeli; bir
birimin yasam siiresi ile birden fazla aciklayici degisken
arasindaki iligkiyi ortaya c¢ikaran istatistiksel bir
yontemdir (Cox & Oakes, 1984).

Cox orantili tehlikeler modeli, Cox modeli veya Cox
regresyon modeli (Cox regression model) olmak iizere
farkli  sekillerde adlandirilabilen, dagilim  bilgisi
gerektirmeyen bir modeldir. Bu modelde, yasam siiresi ve
bu siire tizerinde etkili olarak goriilen agiklayici
degiskenler yer alir. Agiklayici degiskenler, modeli
toplamsal degil, carpimsal olarak etkiler (Hosmer &
Lemeshow, 1999).

Cox orantili tehlikeler modeli,
h(t,X)=h,(t)exp(p'X)
bi¢cimindedir. Burada, f regresyon katsayilar1 vektori, X

aciklayict degiskenler vektori ve ho (t) ise agiklayici

degiskene sahip olmayan (X=0 olan) bir birimin temel
tehlike fonksiyonu olarak tanimlanmaktadir (Ata,
Sertkaya & Sozer, 2007).

Cox orantili tehlikeler modelinin temel varsayimi
orantili tehlikelerdir. Orantili tehlikeler varsayimu,
tehlikelerin oraninin zamana karsi sabit olmasi anlamina
gelmektedir. Orantili tehlikeler varsayimini incelemek
icin grafiksel ya da sayisal yontemler kullanilmaktadir.
Orantili tehlikeler varsayiminin incelenmesinde en ¢ok
kullanilan yontemler, log(-log) yasam egrileri, gézlenen
ve beklenen yasam egrileri, Arjas grafikleri, modele
zamana bagli agiklayici degiskenlerin eklenmesi,
Schoenfeld artiklari ile yagam siiresinin ranki arasindaki
korelasyon testi bi¢iminde siralanabilmektedir (Ata vd.,
2007; Therneau & Grambsch, 2000).

2.2. Aykirt Degerler

Eldeki veri kiimesine bir model uyarlandiktan sonra,
uygulanan modelin varsayimlarinin saglanip
saglanmadiginin  kontrol edilmesi gereklidir (Collett,
1994).

Artiklar en yaygin kullanilan tani yontemleridir. Eger
uygulanilan model uygunsa artiklar i¢in ¢izilen grafiklerde
beklenilmeyen Orintiiler olugmaz. Dogrusal
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regresyondaki artik degerleri en basit haliyle tahmin edilen
deger ile gercek deger arasindaki farktan hesaplanir. Bu
durumda grafiklerin sifir etrafinda rasgele sacilimli olmasi
beklenir (Stepanova & Thomas, 2002).

Regresyon verilerinde aykir1 degerler literatiirde
tartisilan  bir problemdir. Aykir1 degerler degisik
nedenlerle ortaya cikabilir. Ornegin, kaba (gross)
hatalardan kaynaklanabilir. Bu hatalar kopyalama ya da
veri girisi hatalari, hatali ondalik noktalama, ¢aligmadan
elde edilen Olglimleri hatali dlg¢eklendirme, farkh
anlamdaki iki veriyi karistirma, farkli kitleden hatali
alian bir gézlem, gegici etkiler ya da donanim yetersizligi
gibi hatalar olabilir. Bu tiir hatalar, iyi kosullar altinda 6zel
ilgiyle gozlendiklerinden yiiksek nitelikli verilerde
nadiren rastlanir. Hampel v.d. (1986) verilerin tipik olarak
%1-10 oraninda bu tir hataya sahip olduklarini
belirtmislerdir (Noh, 2010).

2.3. Yasam Coziimlemesinde Aykirt Degerler

Yasam ¢oziimlemesinde verinin  kendine has
ozelliklerinden dolay1 bir¢ok yazar aykir1 degere 6zel bir
anlam vermeyi denemistir. Collet (1994) yasam
¢Oziimlemesinde aykir1 degerlerin, son derece uzun yagam
stiresine sahip birimler oldugunu belirtmistir (Collett,
1994). Therneau, Grambcsh ve Fleming (1990) ve Nardi
ve Schemper (1999) aykiri degerleri ¢cok erken 6len ya da
¢ok uzun yasayan Dbirimlerle iligskilendirmislerdir
(Therneau vd., 1990; Nardi & Schemper, 1999). Nardi ve
Schemper (1999) daha sonradan yagam ¢6ziimlemesinde
aykirt degerleri "¢ok uzun yagayan" ya da "¢ok erken 6len"
birimler olarak belirtmislerdir (Nardi & Schemper, 1999).

Yasam ¢oziimlemesi ¢aligmalarinda toplanmis veriler
aykirt degerler igerebilir. Aykiri degerler genellikle
modele iyi uyum saglamayan degerler olarak tanimlanir.
Bu aykir1 degerler, model tahminine gore "¢ok geg¢" ya da
"¢cok erken" basarisiz olan birimler olmasina gore biiyiik
pozitif ya da negatif artik degerleri alabilir. Birimler uzun
yasam siiresine sahip olabilir ama agiklayict degiskenlerin
degerleri birimin daha erken Olmesi gerektigini
gosterebilir.

Yasam ¢oziimlemesinde aykir1 degerler, modeldeki
parametre tahminlerini etkileyebilir, tehlike oranini,
secilen modeli degistirebilir ve modele dayanan tahminleri
etkileyebilir. Bu aykirt degerler etkili gozlemler olarak
tanimlanir.  Etkili gdzlemlere genelde uzun yasam
stirelerinde rastlanilmaktadir. Yasam ¢6ziimlemesinde
veri kiimesindeki etkili gézlemlerin ve aykir1 degerlerin
ortaya c¢ikisinin arastirilmast olduk¢a Onemlidir (Noh,
2010).

Yasam ¢oziimlemesinde, baglica artik tiirleri; Cox-
Snell artiklari, Martingale artiklari, Sapma artiklari,
Schoenfeld artiklari, Log-odds artiklar1 ve Normal sapma
artiklar1 olarak ifade edilebilir.

Asagida artik tiirlerinde kullanmilan bazi esitlikler
verilmistir:

t, <t, <..<t, basansizhik siirelerini ve di , ti
zamanindaki basarisizlik sayilarmi gostersin. Birikimli

temel tehlike orani tahmin edicisi;

_ d
H0=2, > exp(5Z,(s)) ?

jeR(t)

bi¢imindedir. Burada ﬂ , tahmini regresyon katsayilarini,

Z j ler de agiklayici degiskenleri gostermektedir.

t
Ho (1) =£ho(u)du

olarak verilir ve bu gozlemlenen basarisizlik siirelerinde

sigramalar ile bir adim fonksiyonudur. Burada hO(U)
temel tehlike fonksiyonunu gostermektedir.

2.3.1. Cox-Snell Artiklar:

Cox-Snell artiklari, yagam verilerinin
¢oziimlenmesinde en yaygin kullanilan artik tiiridiir ve
Cox ve Snell tarafindan énerilmistir (Cox & Snell, 1968).
Bu artiklar, modelin uygunlugunu degerlendirmek igin
kullanilabilir.

i. gozlem i¢in Cox-Snell art1g1,
e = Ho(t) exp(5Z;) @)

bigimindedir. Burada H(t) , Esitlik (1)’de verildigi
gibidir.
Eger se¢ilen model veriye uygunsa ve B degerleri
B degerlerine yakinsa [z Cler Ustel dagilimhidir
I

(Gharibvand & Liao, 2008). Cox-Snell artiklart modele
uyumu arastirmak icin ¢ok kullanishdir (Tableman &
Kim, 2004).

Cox-Snell  artiklari,  dogrusal  regresyon
analizinde kullanilan artiklardan biraz farkli 6zelliklere
sahiptir. Sifir etrafinda simetrik dagilmaz, sifir ile sonsuz
arasinda deger alir yani negatif olamaz, uygun model
uyduruldugunda Cox-Snell artiklarmin {istel dagiliml
oldugu varsayildigindan oldukga garpik bir dagilimi vardir
ve 1. artigin ortalamasi ve vayansi bir olur. Diger bir nokta

ise eger en biiyiik yasam siiresi durdurulmamus ise I bu
1

g6zlem i¢in tanimsizdir (Collett, 1994).

2.3.2. Martingale Artiklart

Martingale artiklari, Barlow ve Prentice
tarafindan onerilmistir (Barlow & Prentice, 1988).
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Zamana bagh olmayan agiklayici

degiskenlerle Cox modeli  i¢in, i.  go6zlemin ti
zamanindaki degeri ve &, olay durumu (&, = Qiken

durdurma siiresi ve O; =1 iken t. olay siiresi) ise

Martingale artig1,
m =8, Hot)exp(f'Z)=8-1c @

bigimindedir.

Esitlik (3)’te gortildiigii gibi Martingale artiklar1 Cox-
Snell artiklarinin dogrusal doniigiimiidiir.

Martingale artiklar1 ve doniigiimleri model belirlemede
kullanilabilir. Agiklayict degiskenlere karst ¢izilen
Martingale artiklart grafigi modele dahil edilen aciklayici
degiskenlerin fonksiyonel formunu belirlemede kullanilir.
Modelin uygunlugu i¢in degiskenlerin herhangi bir
doniigiime ihtiyact olup olmadigini gosterir. En uygun
bicimi belirlemek i¢in model kurulduktan sonra
Martingale artiklarina karst degiskenlerin istenilen
doniigiimlerinin grafigi ¢izdirilir. Eger doniigiim uygun ise
grafikteki egri yaklasik olarak dogrusal olur. Ayrica aykiri
degerleri belirlemede de kullamlir (Lin & Ying, 1993).

n
Martingale artiklar Zl’mi =0 ozelligine
i=1

sahiptir (Gharibvand & Liao, 2008). Biiyiik n igin, I‘mi

’ler sifir ortalamali kitleden iliskisiz ~6rneklerdir.
Martingale artiklart sifir etrafinda simetrik dagilmaz,
carpiktir (Collett, 1994; Tableman & Kim, 2004).
Martingale artiklar1 —oo ve 1 arasinda deger alir ve

durdurulmus gozlemler ( 8, = 0) i¢in negatif degerlidir.

Martingale artiklar1 bir degerinin yakinlarinda
deger aliyorsa beklenenden daha kisa yasam siiresi, biiyiik
negatif bir deger aliyorsa beklenenden daha uzun yasam
stiresi oldugu anlamina gelir (Collett, 1994).

2.3.3. Sapma Artiklar:

Sapma artiklari Therneau, Grambch ve Fleming
(1990) tarafindan Onerilmistir (Therneau vd., 1990).

Sapma artiklari olan r d. ’ler Martingale artiklarindan

doniistirilmistir ve

ry =Sign(m )\/2[~fm, —3, log@ —1m)] @

bi¢imindedir.

Esitlik (4)’te goriildiigi gibi, simetrik bir dagilim
elde etmek icin Martingale artiklarinin doniisiimiiyle elde
edilir. Sonu¢ olarak sapma artiklart sifir  etrafinda
simetrik dagilir ve yaklasik olarak 1 standart sapmaya
sahiptir (Gharibvand & Liao, 2008; Gharibvand &

Fernandez, 2008).

sign (1)

gostermektedir. Bu nedenle sapma artiklar1 Martingale
artiklari ile ayn1 isarete sahiptir (Noh, 2010).

Martingale artiklarinin isaretini

Grafiklerde, potansiyel aykir1 degerler bilyiik
mutlak deger sapma artiklarina karsilik gelir.

Durdurma yiizde yirmi besten az oranda ya da
yakin bir degerde ise, bu artiklar sifir etrafinda simetriktir
ya da normal dagilima oldukga yakindir. Yiizde kirktan
daha fazla orandaki durdurma i¢in ise sifir etrafindaki
artiklarla genis noktalar kiimesi normallik yaklagimin

bozar (Therneau vd., 1990; Tableman & Kim, 2004).

Martingale artiklar1 model uygun olsa bile
carpiktir  ve  bu  carpiklik artitk  grafiklerinin
yorumlanmasini zorlagtirir. Sapma artik grafiklerinin
yorumlanmasi ise daha kolaydir. Boylece bu artiklar diger
artiklardan asir1 derecede farkli olan yasam siirelerine
sahip birimlerin belirlenmesinde grafiksel bir ara¢ olarak
kullanilabilir. Bircok arastirmaci aykirt  degerleri
belirlemede sapma artik grafiklerini kullanmiglardir (Noh,
2010).

Sapma artiklar1 beklenenden daha uzun yasam
stiresi olan gozlemler igin negatif iken beklenenden daha
kisa yasam stiresi olan goézlemler i¢in pozitiftir. Cok biiyiik
ya da ¢ok kiiciik degerler olmasi1 bu degerlerin aykiri deger
olduklarinin gostergesi olabilir. Bu nedenle bu degerler
dikkatle incelenmelidir (Gharibvand & Fernandez, 2008).

Basarisiz olan gozlemlerde uyum yeterli ise
sapma artiklart ak giiriiltiye benzer bicimde dagilir.
Durdurulmus gozlemler i¢in ise sapma artiklart sifir
yakinlarida kiime olarak yer alir (Klein & Moeschberger,
2003).

2.3.4. 2.3.4. Schoenfeld Artiklar:

Cox orantili tehlikeler modelinde kullanilan Cox-Snell,
Martingale ve sapma artiklarinin iki dezavantaji s6z
konusudur. Bu dezavantajlar, artiklarin agirhikli olarak
gbzlenen yasam siiresine bagli olmalart ve birikimli
tehlike  fonksiyonunun  tahminini  gerektirmesidir.
Schoenfeld tarafindan Onerilen, skor artiklar1 olarak da
adlandirilan  Schoenfeld artiklarinda bu  sorunlar
giderilmistir (Schoenfeld, 1982). Bu yoniiyle Schoenfeld
artiklari, diger artiklardan Onemli bir farklilik
gostermektedir. Bu artiklarda, her birimin artig1 igin tek
bir deger yerine, tahmin edilmis olan Cox orantili
tehlikeler modelinde yer alan her bir agiklayict degisken
icin birer tane olmak iizere degerler kiimesi yer almaktadir
(Collett, 1994; Yay, Coker & Uysal, 2007).

Schoenfeld artiklari, degiskenin gercek degeri ile
agirlikli risk skorlarinin ortalamasi arasindaki farktir.

i. birim i¢in Schoenfeld artig1,
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2 X, exp(AX))
S =X — ieR(t)
L X en(BX)
jeR(t)

bigiminde tammlanir. Burada S, , p agiklayici degisken

sayist olmak tizere, pxl boyutlu bir vektordir ve
S, = (S, on
degisken i¢in Schoenfeld artiklari,

Z X, exp(B'X,)

jeR(Y)

D exp(B' X))

jeR(t)

Sip)' seklindedir. i. birim ve k. agiklayici

Sik =X -

ik

bicimindedir. Burada Xj j- birim i¢in p sabit agiklayici
degisken vektoriidiir. X j ise j. birimin k. agiklayic
degiskenin degeridir. Bu nedenle, bu artik, Xjk nin

gozlenen degeri ile ti zamaninda risk altindaki birimler

tizerinden aciklayic1 degisken degerlerinin agirlikli
ortalamas1 arasindaki farktir. ti zamanindaki risk
kiimesinde k. agiklayici degiskenli j. birim i¢in kullanilan
agirlik,

exp(5'X )
D exp(B'X)

jeR(t)

bicimindedir. Bu ifade, kismi olabilirligi en biiyiiklemeye
bu birimin katkisidir.

Schoenfeld artiklar1 durdurulmamig  gozlemler igin
tanimlidir ve ayrica her bir aciklayict degiskenin
Scohenfeld artiklari toplamu sifir olmalidir (Gharibvand &
Liao, 2008).

Schoenfeld artiklar1 sifirda toplanir. Iki diizeyli (0,1)
degiskenler i¢in bu artiklar -1 ile 1 arasinda deger alir. Bu
nedenle, artik grafiginde iki kusak olur; bir tanesi x=1 i¢in
sifirn Gstiinde ve digeri x=0 i¢in sifirin altinda yer alir.

Orantili  tehlikeler varsayimini incelemek igin
Schoenfeld artiklarima dayanan bir test gelistirilmistir.
Belirli bir degisken igin Schoenfeld artiklar1 ile birimlerin
yasam siirelerinin ranki arasindaki korelasyon kullanilarak
orantil1 tehlikeler varsayimi incelenebilir. Bu teste gore,
orantili  tehlikeler varsayimmin  saglanmasi  igin
korelasyonun sifira yakin olmasi beklenmektedir (Ata vd.,
2007).

Orantili tehlikeler varsaymminin gegerliligi zamana
bagli cizilen Schoenfeld artiklari grafigi ile de kontrol

edilebilir. Cizilen Schoenfeld artiklar1 grafigi, yatay bir
dogru etrafinda seyrediyorsa, orantili tehlikeler
varsayiminin saglandigi sdylenilir (Schoenfeld, 1982).
Hosmer ve Lemeshow regresyon katsayilariin
kovaryans matrisine dayali 6l¢eklendirilmis Schoenfeld
(scaled Schoenfeld) artiklar1 grafiginin orantili tehlikeler

varsayimt i¢in kullanilmasint &nermistir (Hosmer &
Lemeshow, 1999).

Olgeklendirilmis Schoenfeld artiklart;
N p
h, =m>_V, Si
i=1

bi¢cimindedir. Burada m toplam bagarisiz birim sayisini,
V ise regresyon katsayilarindan tahmin edilmis kovaryans
matrisini gostermektedir.

Olgeklendirilmis Schoenfeld artiklar1 grafigi zamana
karst  her bir aciklayicr degisken i¢in ¢izilir.
Olgeklendirilmis Schoenfeld artiklar1 etkili gozlemleri
bulmak i¢in kullanilir.

Agiklayici degiskenler siirekli oldugunda 6l¢eklenmis
Schoenfeld artiklarinin kullanilmasi onerilmistir (Terzi &
Bek, 2005; Winnetti & Miscellanea, 2001).

2.3.5. Log-Odds Artiklar:

Log-odds artiklari, Nardi ve Schemper (1999)
tarafindan verilmis ve |_| ile gosterilmistir (Nardi &
Schemper, 1999). Log-odds artiklarimin  dagilimi
E(L) =0 ortalama ve V(L) = (z°/3) varyans ile

lojistik dagilimdir ve
Li = Iog I:Si (Ti )/ {1' Si (Ti )}:'

bi¢cimindedir. Bilinmeyen yasam fonksiyonu yerine
tahmin edicisi alindiginda Li , LI ’ye yakinsar. Gozlenen
yasam siireleri §; (1<i<n) oldugunda, Lj °nin
gozlenen degeri,

Ii = Iog|:si (t)/ {1'Si (E)H
olur.

Durdurulmus siire igin Si (tic) yasam olasiligi
bilinmemektedir. Dolayisiyla durdurulmus yasam siiresi
artiklarmi uyarlamak igin, S;(t’) ile kosullu ortanca

c
i\

degeri ‘nin yer degistirmesi Onerilmistir. Bu

durumda |irn log-odds artik degerleri,
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=t ()25 )|

biciminde elde edilir. I—, ‘nin kosullu dagilimindan

beklenen ortalama degerlerin sapmasi kullanildiginda ise
daha karmasik olmakta ve

m _jc L+ exp(l¥)
ot exp(l)

bi¢iminde elde edilmektedir.

Iog{ 1+ exp(lic)}

Son derece kisa yasam siireleri i¢in |im (yada |iC

) sifira yakin olur ve beklenen Si (ti )E 0.5 oldugu
varsayilir.

Log-odds artiklari lojistik dagilimli
olduklarindan aykiri degerler bu dagilimlara dayanan
kesim noktasi ile belirlenebilir.

Kesim noktalar1 “cok erken &len”=CEO ve “gok
uzun yasayan”=CUY ile gosterilirse log-odds artiklari i¢in
kesim noktalari,

RQEO,L = {Ii : Ii > Wl—a}

Rowve ={k il <w,}
bi¢imindedir. Burada W, lojistik dagilimda & giiven

diizeyine karsilik gelen noktadir. Eger birimlerin artik
degerleri kesim noktalarini asarsa bu gozlemler aykir
degerler olur (Nardi & Schemper, 1999; Nardi &
Schemper, 2003).

2.3.5. Normal Sapma Artiklari

Normal sapma artiklart Nardi ve Schemper (1999)
tarafindan verilmis ve Ni ile ifade edilmistir (Nardi &

Schemper, 1999). Artiklarin dagilimi standart normal
dagilimdir.

Bilinmeyen yasam fonksiyonu yerine tahmin edicisi

alindiginda Ni ‘nin olasilikta yakinsamasi N, dir. @,

normal birikimli dagilim fonksiyonudur.

Boylece,

-1
Ni =0 {Si (Ti )}
ve artik degerleri

n = o {Si (ti)}

bi¢imindedir. Burada durdurulmus siireler igin Si ('[ic)
yasam olasilig1 bilinmemektedir.

Durdurulmus yasam siirelerinin  artiklariin
uyarlanmasi (accommodating) i¢in gesitli yollar vardir.
Gergek yasam siiresi, gozlenen durdurulmus yasam
stiresinden daha uzundur ve bilinmeyen dogru artiklarin

dagihmi S, (T;) *nin [0, S, (tlc ) ]’de uniform dagilim

ile iliskilidir. Boylece, S, (tf) , kogullu ortanca degeri

s(E) oo
> ile yer degistirir. Sonug olarak durdurulmus siire
igin Ni,
c
e =) 5

' 2

bi¢imindedir ve burada nic , durdurulmus siire Ni nin

ortalamasidir ya da

o __exp(05(n)?)

o xh i LA A
V27 Si(t)

ile degistirilmis olabilir. Burada ni"‘ ,durdurulmus stire

N, *nin ortancasidir (Nardi & Schemper, 1999; Nardi &

Schemper, 2003).

Durdurulmus gozlemler ig¢in normal sapma artiklar
kosullu ortalama ya da ortanca degeriyle yer degistirir.
Ancak  bu durum artiklarin anormal bir yigilma
gostermesine neden olur. Boylece iyi uyum saglayan
model bile normal dagilimdan farkli bir dagilim gosterir
(Nardi & Schemper, 2003).

Log-odds artiklarinda oldugu gibi normal sapma
artiklarinda da son derece kisa yasam siireleri igin nim (ya
da nic) sifira yakin olur ve beklenen S, (ti )E 0.5
oldugu varsayilir (Nardi & Schemper, 1999).

Normal sapma artiklari normal dagilimli olduklarindan
aykir1 degerler bu dagilimlara dayanan kesim noktasi ile
belirlenebilir.

Normal sapma artiklarinin kesim noktalari,
RCEO,N = {ni N> Zl—a}

Rouv ={n:n<z,}
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bigimindedir. Burada Z  standart normal dagilimda &

a
giiven diizeyine karsilik gelen noktadir. Ayni referans
dagilima sahip olduklarindan benzer kesim noktalar
sapma artiklari i¢in de kullanilabilir (Nardi & Schemper,
1999; Nardi & Schemper, 2003).

2.4. Etkili Gozlemlerin Belirlenmesi

Cox orantili tehlikeler modelinde aykiri degerler ii¢
madde altinda incelenebilir:

e Orneklem ortalamasindan biiyiik oranda farkli
bir agiklayici degisken degerine sahip olanlar,

o Parametre tahminlerinde giiglii etkiye sahip olanlar,

e Kismi olabilirlik fonksiyon degerinde ve boylece
model yeterliginde gii¢lii etkiye sahip olanlar.

Ik madde skor artiklari kullamlarak belirlenebilir.
Model kestiriminden sonra, her gézlem i¢in skor artiklari
ilgili agiklayic1 degisken bakimindan hesaplanir ve analiz
edilen ortak degiskene kars1 artiklarin degerlerini gosteren
bir grafik ¢izilir. Aykir1 degerler bu tip analizlerle
kolaylikla belirlenebilir. Aykirt degerlerin
belirlenmesinden sonraki asama siipheli gozlemlerin
parametre tahminlerindeki etkilerinin siddetinin tahmin
edilmesidir. Siipheli gézlem 6rneklem diginda birakilarak
model yeniden tahmin edilir. Parametre tahminindeki
degisim,

A,Bki = :Bk _ﬂk(—i)

bigiminde hesaplanir. Burada :Bk , k. aciklayict degiskenin
modelin tiim o6rneklemdeki parametre kestirimidir ve

ﬂk(fi) ise 1. gozlem c¢ikarildiktan sonra hesaplanan

orneklemdeki benzer bir degerdir. A; k. elemanmin

vektori ile iyi yaklastirilmis oldugu kanitlanmistir ve
AB =V (B4

bigimindedir. Burada L, i. gdzlem igin skor artiklari

vektorii ve V (fF) parametre tahminlerinin bir varyans-
kovaryans matrisidir. Bu tanim 06lgeklendirilmis skor
artiklar1 yada DFBETA artiklar1 olarak adlandirilir. Analiz
edilen agiklayic1 degiskene karst bu tip artiklarin grafigi
etkili gbzlemlerin saptanmasinda yararlidir.

Eger bu fark sifira yakin ise i. gozlemin tahmindeki
etkisi ¢ok kiiciiktiir. Asil modeldeki tiim degiskenler i¢in
bu stireg tekrarlanir. N gézlemli biiyiik veri setleri i¢in bu
farklar1 hesaplamak yani bu islemi N kez tekrarlamak
pratik bir yontem degildir.

Bu gozlemlerin kismi olabilirlik  fonksiyonu
degerindeki etkilerini tahmin etmek i¢in skor artiklari,

Id, =AB'V(B) A, = LV(BIV(B) V(B)L, =LV (AL,

bi¢imindedir.

Bu istatistikler, olabilirlik degisim (likelihood
displacement) olarak adlandirilir ve Orneklemdeki i.
gozlemin drneklem diginda birakilmasindan sonra kismi
olabilirlik fonksiyonunun logaritmasindaki degisiklik ile
ilgilenir.

Olabilirlik degisim degerleri i. gbzlemin etkisini bu
gozlem ¢ikarildiginda log olabilirlik modelindeki degisim
yaklasimiyla hesaplar.

i. degisken icin olabilirlik degisim degeri,
2{log L(/) ~log L()|

bicimindedir. Burada f tim model igin hesaplanan

tahmini ve . i. gozlem ¢ikarildiktan sonra hesaplanan

tahmin degerini gosterir. L(.) tim veriden tahmin edilen
kism1 olabilirlik degeridir. L(.) hesaplanirken tiim veri

kullamlir ama f3, parametre tahminleri i. gozlem

cikarilarak elde edilir. f uygun bir ¢dziim verir ve
olabilirlik degisimi hi¢bir zaman negatif degildir.

Ayrica LiV (ﬂ) Li matrisi icin  dzdegerler
bulunur. Yiiksek 6zdegerler ile iliskili 6zdegerler LMAX
istatistikleri olarak adlandirtlir. Olabilirlik degisim de
LMAX da ozet istatistiklere (6rnegin Martingale artiklari)
kars1 ¢izilir. Yiiksek derecede etkili gozlemler bu tarz
grafiklerle kolayca belirlenebilir.

Etkili gozlemlerin belirlenmesinde kullanilan iki
alternatif yontem LMAX ve olabilirlik degisim degerleri,
DFBETA degerlerinin aksine gozlemlerin etkisini biitiin
olarak katsayilar vektoriinden oOlger. Boylece ¢ok
degiskene karsi sadece tek bir deger elde edilir.

Artiklarin kullanim1 veriye ve arastirmactya baglt olsa

da geleneksel ve tavsiye edilen kullanim sekilleri vardir.
Bunlar;

o  Cox-Snell artiklar1 modele uyumu arastirmak icin
kullanilur.

e  Martingale artiklar1 modele dahil edilen agiklayici
degiskenlerin fonksiyonel formunu belirlemede ve
bazen de aykir1 degerleri belirlemede kullanilir.

e Sapma artiklart modelin dogrulugunu test etmede ve
aykir1 degerleri belirlemede kullanilir.

e Schoenfeld ve 6l¢eklendirilmis Schoenfeld artiklar:
orantili  tehlikeler  varsayiminin  kontroliinde
kullanilir.

e Normal sapma ve log-odds artiklari aykirt degerleri
belirlemede kullanilir.

e Olabilirlik degisim ve Lmax degerleri etkili
gozlemleri belirlemede kullanilir. DFBETA degerleri
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de etkili gozlemleri belirlemede kullanilir ancak
islemleri degiskenler bazinda teker teker yapar.

3. UYGULAMA

Ankara Onkoloji Hastanesi’nde Ocak 1990 ve Kasim
1995 tarihleri arasinda mide kanseri tanisi konulan ve
cerrahi tedavi geciren, yaslar1 29 ile 84 arasinda degisen
118 hastaya ait veriler Eroglu v.d. tarafindan incelenmis
ve Kaplan-Meier yontemiyle yasam olasiliklari bulunmus,
Cox orantili tehlikeler modeli elde edilmistir (Eroglu,
Altiok, Ozgen & Sertkaya, 1997).

Bu ¢alismada ise bu veriler, yasam ¢oziimlemesinde
aykirt degerleri belirlemede kullanilan artik tiirlerinin
uygulama alanlarin1 gostermek ve elde edilen sonuglart
karsilastirabilmek amaciyla kullanilmustir.

Analizler i¢in STATA 12 programi deneme siiriimii
kullanilmistir.

Aciklayici degiskenler olarak yas, cinsiyet, kilo kaybi,
anemi, timoriin midedeki lokalizasyonu, lenf nodu
diseksiyonunun genisligi, hastalifin evresi ve adjuvan
kemoterapi alinmistir. Bu hastalarin yas ortalamasi
56.70°dir ve %58.5’1 erkektir.  Hastalarin %55.1°1
hastaligin 3. evresinde ve %19.5’1 4. evresindedir.
Hastalarin %71.2’si kemoterapi almistir. Hastalarin 52
tanesinde bagarisizlik gozlenmistir. Basarisizlik, 6lim
olarak alinmustir. Agiklayict degiskenlerin diizeyleri ve
sikliklar1 Cizelge 1’de verilmistir.

Cizelge 1. Agiklayici degiskenler ve diizeyleri

o . Sikhiklar
Degiskenler Diizeyler (%)

69 (58.5

Cinsiyet 1. Erkek (58.9)

2. Kadin 49 (41.5)

Kilo Kayb1 1. Yok %0 (76.3)

2. Var 28 (23.7)

Anemi 1. Yok 31(26.3)

2. Var 87 (73.7)

Lenf nodu diseksiyonunun genisligi 1. DO-1 62 (52.5)

(Diseksiyon) 2 D2-3 56 (47.5)

Ustuclik 21 (17.8)

—_

Tiimoriin midedeki lokalizasyonu 2. Orta tigliik 25(21.2)
(Lokal)
3. Alticlik 62 (525)
4. Timmide 10 (8.5)
1.
Evrel+Evre2 30(25.4)
Hastaligin evresi (Evre) » Evre3 65 (55.1)
3. Evred 23 (19.5)
. . . 34 (28.8
Adjuvan kemoterapi (Kemoterapi) LYok (28.8)
2. Var 84 (71.2)
Yas 56,403 +1,044

Yasam siiresine degiskenlerin etkisi arastirilmak
istenildiginde Cox  orantili  tehlikeler =~ modelinin
kullanilabilmesi i¢in degiskenlerin orantili tehlikeler

varsaymmini saglamasi gerekmektedir. Orantili tehlikeler
varsayimin saglanip saglanmadigi arastirilmistir.

Orantili  tehlikeler varsayimini incelemek igin
Schoenfeld artiklar1 kullanilabilir. Schoenfeld artiklari,
aciklayict degiskenin gercek degeri ile agirlikli risk
skorlarmin ortalamas arasindaki farktir.

Siireye kars1 c¢izdirilen grafikte egri sifir etrafinda
yaklagik olarak dogrusal ise varsayimin saglandigi
sonucuna ulaglir.
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Sekil 1. Aciklayict degiskenler i¢in 6lgeklendirilmis Schoenfeld artig
grafikleri

Sekil 1 incelendiginde grafiklerde egrinin yaklasik
olarak dogrusal oldugu yani degiskenlerin orantili
tehlikeler varsayimint sagladigt goriilmektedir.

Orantili tehlikeler varsayimini incelenmek igin
kullanilan diger bir yontem olan, yasam siiresi rankinin
Schoenfeld artiklari ile iliskisi de incelenmistir. Cizelge 2
incelendiginde tiim degisken diizeylerinde p-degeri>0.05
oldugu i¢in orantili tehlikeler varsayiminin saglandigi
gorilmiistiir.

Cizelge 2. Yasam siiresi rankinin Schoenfeld artiklari ile iligkisi

Degisken p-degeri

Yas 0,21
Cinsiyet- Erkek 06
Kilo kaybi- Yok 021
Anemi- Yok 0,55
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Degisken p-degeri
Diseksiyon- DO-1 0,09
Lokalizasyon-Orta Uglitk 037
Lokalizasyon-Alt Ugliik 0,79
Lokalizasyon-Tiim mide 081
Evre- Evre3 0,08
Evre- Evred 019
0,28

Kemoterapi- Yok

Cox-Snell artiklari modele uyumu arastirmak igin
kullanilur.

Verilerin dagilimi Easyfit programi ile incelendiginde
bilinen bir dagilima uygunluk goéstermese de parametrik
bir dagilim gosterdigi gorilmiistir. Bu nedenle,
parametrik yasam ¢oziimlemesi dagilimlarinin uygunlugu
da Cox orantili tehlikeler modeli ile birlikte Cox-Snell
artiklari grafikleri ile incelenmistir.

a. USTEL DAGILIM

o

1
Cox-Snell Artigi

H Cox-Snell Artigi

b. WEIBULL DAGILIMI

o
w

Cox-Snell Artigi

H Cox-Snell Artigi

c. LOG-LOJISTIK DAGILIM

o
-

Cox-Snell Artigi

H

Cox-Snell Artigi

d. LOG-NORMAL DAGILIM

2
Cox-Snell Artigi

H

Cox-Snell Artigi

e. GAMMA DAGILIMI

o
w -

Cox-Snell Artigi

H Cox-Snell Artigi

o4
w

Cox-Snell Artigi
Cox-Snell Artigi ‘

Sekil 2. a-e. Parametrik modeller i¢in ve Cox orantil tehlikeler modeli
i¢in Cox-Snell artig1 grafikleri

H

Model uygun ise birikimli tehlikeye karsi Cox-Snell
art1g1 grafigi yaklasik olarak bir egimli bir dogru olacaktir.
Sekil 2 incelendiginde log-lojistik modelin ve log-normal
modelin daha iyi sonug verdigi soylenebilir. Bu durumda
Akaike bilgi kriterine (AIC) gore karar verilmelidir.
Modellere ait AIC degerleri Cizelge 3’te verilmistir.
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Cizelge 3. Modellerin karsilastirilmasi

Model -2log(L) AlIC
Cox Orantili Tehlikeler 385.364 418.36
Ustel 190.56 214.56
Weibull 174.20 200.20
Log-normal 170.98 196.98
Log-lojistik 172.26 198.26
Genellestirilmis Gamma 170.84 198.84

Cizelge 3 incelendiginde AIC kriterine gére log-normal
modelin veriye en uygun oldugu sonucuna ulasiimistir. Bu
nedenle veriye log-normal regresyon modeli uygulanmig
ve elde edilen sonuglar Cizelge 4’de verilmistir.

Cizelge 4. Log-normal regresyon modelinin sonuglari

Degisken Tahmin Standart Hata p-degeri
Yas 0,0139 0,0084 0,096

Cinsiyet- Erkek -0,106 0,2105 0,616

Kilo kaybi- Yok -0,212 0,2253 0,347

Anemi- Yok -0,028 0,2368 0,907

Diseksiyon- D0-1 -0,723 0,2099 0,001*
Lokalizasyon- Orta Uglik ~ 0,853 0,3169 0,007*
Lokalizasyon- ~ Alt Ugliik ~ -0.482 0,2859 0,092

Lokalizasyon- Tiim mide -0,705 0,3791 0,063

Evre- Evre3 -1,262 0,2951 0,000*
Evre- Evred -1,835 0,3457 0,000*
Kemoterapi- Yok -0,835 0,212 0,000*
Sabit 5,0182 0,6803 0,000*
Lnsigma -0,23 0,1021 0,024*
Sigma 0,7947 0,0811

-2log(L) 170,995  (p=11)

*p-degeri<0.05 oldugundan anlamlidir.

Log-normal model i¢in Martingale, sapma, log-odds ve
normal sapma artik degerleri hesaplanarak aykir1 degerleri
tespit etmek amacglanmustir.

Martingale artiklart modele dahil edilen agiklayici
degiskenlerin ~ fonksiyonel = formunu  belirlemede
kullanighidir. Eger degisken modele uygun ise grafikteki
egri yaklagik olarak dogrusal olur.

Log-normal regresyon modelinde yas degiskeni igin
Martingale artig1 grafigi Sekil 3’te verilmistir.

30 40 50 60 70 80
Yas

Sekil 3. Log-normal regresyon modelinde yas degiskeni i¢in Martingale
artig grafigi

Sekil 3 incelendiginde egrinin yaklasik olarak dogru
oldugu yani yas degiskenin modele uygun oldugu, bir
doniisiime ihtiya¢ olmadig1 goriiliir.

Martingale artiklarina karsi dogrusal tahmin grafigi
aykir1 degerleri belirlemede kullanilabilir. Log-normal
regresyon modelinde dogrusal tahmine karsi Martingale
artig1 grafigi Sekil 4’te verilmistir.

- 021
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Dogrusal Tahmin
Sekil 4. Log-normal regresyon modelinde dogrusal tahine kargi
Martingale artig1 grafigi

Sekil 4 incelendiginde 16., 21., 29. ve 28. gozlemlerin
aykir1 degerler olabilecekleri goriiliir.

Simetrik bir dagilim gostermesinden dolayr sapma
artiklarinin  dogrusal tahmine kargt grafikleri aykir
gozlemlerin  belirlenmesinde ve modele uyumun
saglanmasinda kullanimi daha yaygindir.

Log-normal modelde dogrusal tahmine karsi sapma
artig1 grafigi Sekil 5’te verilmistir.
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Sekil 5. Log-normal regresyon modelinde dogrusal tahmine karsi sapma
artig1 grafigi
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Sekil 5 incelendiginde 6., 8., 15., 16., 19.,21., 28., 29.,
87.,118. ve 128. gozlemlerin aykir1 degerler olabilecegi
goriiliir. Sapma artiklarinin referans dagilimi olan normal
dagilimm kesim noktalarmma goére karsilagtirilma
yapildiginda da ayni sonuca ulaglir.

Tiim degiskenler i¢in log-odds ve normal sapma
artiklar1 hesaplanmis ve hesaplanan degerler kesim
noktalariyla karsilastirildiginda bu degerlerin  diginda
kalan gozlemler aykiri deger olarak belirlenmistir. Buna
gore bulunan aykir1 degerler Cizelge 5’de verilmistir.

Cizelge 5. Log-normal regresyon modelinde log-odds ve normal sapma artik degerleri

Gézlem Siire Durum S, (ti ) S, (tf) I 1" n n"
11 3 Olmiis 0,983 1,763 1,763 2,121 2,121
16 39 Yastyor - 0,1982 -0,607 -1,143 -0,848 -2,884
17 51 Yastyor - 0,1982 -0,607 -1,143 -0,848 -2,884
23 69 Yastyor - 0,1982 -0,607 -1,143 -0,848 -2,884
25 57 Yastyor - 0,1982 -0,607 -1,143 -0,848 -2,884
27 63 Yastyor - 0,1982 -0,607 -1,143 -0,848 -2,884
28 58 Yastyor - 0,1982 -0,607 -1,143 -0,848 -2,884
29 2 Olmiis 0,991 - 2,068 2,068 2,387 2,387
34 65 Yastyor - 0,1982 -0,607 -1,143 -0,848 -2,884
38 37 Yastyor - 0,1982 -0,607 -1,143 -0,848 -2,884
45 44 Yastyor - 0,1982 -0,607 -1,143 -0,848 -2,884
48 44 Yastyor - 0,1982 -0,607 -1,143 -0,848 -2,884
49 44 Yastyor - 0,1982 -0,607 -1,143 -0,848 -2,884
55 39 Yastyor - 0,1982 -0,607 -1,143 -0,848 -2,884
56 37 Yastyor - 0,1982 -0,607 -1,143 -0,848 -2,884
58 36 Yastyor - 0,2123 -0,569 -1,108 -0,798 -2,584
62 34 Yastyor - 0,2256 -0,536 -1,078 -0,753 -2,349
64 33 Yastyor - 0,2256 -0,536 -1,078 -0,753 -2,349
65 33 Yastyor - 0,2256 -0,536 -1,078 -0,753 -2,349
68 29 Yastyor - 0,2256 -0,536 -1,078 -0,753 -2,349
70 29 Yastyor - 0,2256 -0,536 -1,078 -0,753 -2,349
116 73 Yagtyor - 0,1982 -0,607 -1,143 -0,848 -2,884
Cizelge 5 incelendiginde log-odds artik modeli yeniden elde edilmis ve sonuglar Cizelge 6’da

degerlerine gore aykir1 deger bulunamadigini ve normal
sapma artik degerlerine gore ise 11., 16., 17., 23., 25., 27.,
28., 29, 34., 38., 45., 48., 49,, 55., 56., 58., 62., 64., 65.,
68., 70. ve 80. gozlemlerin aykir1 deger olabilecegi
goriiliir.

Yontemlerce ortak ¢ikan degerleri aykir1 degerler
olarak belirsek 16., 28. ve 29. gozlemler aykir1 degerdir.
Bu degerler ¢alismadan g¢ikarilip log-normal regresyon

verilmigtir.
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Cizelge 6. Aykiri degerler ¢ikarildiktan sonra log-normal regresyon
modeli sonuglar1

Degisken Tahmin  Standart Hata p-degeri
Yas 0,0113 0,0075 0,130
Cinsiyet- Erkek 0,0250 0,1948 0,898
Kilo kaybi- Yok -0,2218 0,2038 0,285
Anemi- Yok 0,1483 0,2217 0,503
Diseksiyon- DO-1 -0,7043 0,1913 0,000*
Lokalizasyon- Orta Uglik ~ ~0,6854 0,2871 0,017*
Lokalizasyon-  Alt Ugliik ~ ~0,2456 0,2618 0,348
Lokalizasyon- Tiim mide ~ ~0:4317 0,3453 0,211
Evre- Evre3 -1,2598 0,2704 0,000*
Evre- Evred -1,7469 0,3136 0,000*
Kemoterapi- Yok -0,7758 0,1965 0,000*
Sabit 4,7470 0,6141 0,000*
Lnsigma -0,3389 0,1024 0,001*
Sigma 0,7126 0,0730

-2log(L) 153,102 (p=11)

*p-degeri< 0.05 oldugundan anlamlidir.

Cizelge 4 ve Cizelge 6 incelendiginde, aykir1 degerler
¢ikarildiktan sonra kurulan log-normal regresyon modeli
ile bu degerler ¢ikarilmadan 6nceki log-normal regresyon
modeli karsilastirildiginda standart hatalarin genel olarak
azaldig1 goriilmiistiir. 1ki model esit parametre sayisina
sahip oldugu icin -2log(L) degerleri kullanilarak
karsilastirma yapilabilir. Aykirt deger ¢ikarilmadan
onceki modelin -2log(L) degeri 170,995 iken ¢ikarildiktan
sonraki modelin -2log(L) degeri Cizelge 6’dan goriildiigi
gibi 153,102°dir. Buna gore aykir1 degerlerin ¢ikarilmasi
sonucunda elde edilen modelin daha uygun bir model
oldugu soylenebilir.

Log-normal model i¢in adimsal se¢im yOntemi
uygulanirsa Cizelge 7°deki sonuglar elde edilir.

Cizelge7. Log-normal regresyon modeli i¢in adimsal se¢im ydntemi

sonuglart

Degisken Tahmin  Standart Hata p-degeri
Dissekl (DO0-1) -0,718 0,211 0,001
Evre3 -1,251 0,276 0,000
Evre4 -1,632 0,327 0,000
Kemoterapi Yok -0,779 0,214 0,000
sabit 4,994 0,318 0,000
Lnsigma -0,170 0,102 0,096
Sigma 0,843 0,863

-2log(L) 183,184

Cizelge 7 incelendiginde diseksiyon, evre ve
kemoterapi degiskenleri yasam siiresini etkileyen faktorler
olarak bulunmustur. Lenf nodu diseksiyonunun degeri
DO-1 olanlarin yagam siiresi D2-3 olanlara gore 2 (1/exp(-
0,718)) kat daha kisa, evre 3 olanlarin evre 1+evre 2

olanlara gore yasam siiresi 3,5 (1/exp(-1,251)) kat, evre 4
olanlarmm evre l+evre 2 olanlara gore yasam siiresi 5
(1/exp(-1,632)) kat daha kisadir. Kemoterapi
almayanlarin yasam siiresi ise alanlara gore 2 (1/exp(-
0,779)) kat daha kisadir.

4. SONUCLAR

Bu caligmada, yasam ¢6ziimlemesi ve aykir1 degerler
hakkinda genel bilgiler, kavramlar, fonksiyonlar ve
modeller verilmig, yasam c¢6ziimlemesinde aykir
degerleri  belirlemede  kullanilabilecek  ydntemler
incelenmistir.

Aykirt degerlerin belirlenmesi modele uyum igin
olduk¢a oOnemlidir ve yagsam ¢6ziimlemesinde aykir
degerleri belirleme yontemleri artiklara dolayisiyla
artiklarin analizine dayanmaktadir. Bu amagla literatiirde
karsilagilan artik tiirleri incelenmistir. Bu ydntemlerin
uygulamasi 118 gozlemli ve 8 agiklayic1 degiskenli mide
kanseri verisi lizerinde yapilmstir.

Uygulamada ilk olarak yasam ¢oziimlemesinde en ¢ok
kullanilan model olan Cox orantili tehlikeler modeli
uygulanmis ve modele uyumlu oldugu gorilmiistiir. Cox
orantili tehlikeler modelinin temel varsayimi olan orantili
tehlikeler varsayimi da Schoenfeld artiklari ile incelenmis
ve bu varsayimin saglandigi gorilmistiir.  Verilerin
dagilimi bilinen bir dagilima uygunluk gostermese de
parametrik  bir dagilim gdsterdigi  goriildiigiinden
parametrik yasam ¢dziimlemesi modelleri incelendiginde
log-normal dagilimin veriye uygun bir model oldugu
sonucuna ulagilmstir.

Veriye uygun oldugu bulunan log-normal regresyon
modeli elde edilmistir. Log-normal regresyon modeli i¢in
de aykir1 degerler belirlenmeye c¢alisilmigtir. Aykir
degerleri belirlemek i¢in Martingale, sapma, log-odds ve
normal sapma artiklar1 hesaplanmig ve grafikleri
cizdirilmistir. Aykir1 deger olabilecek gozlemler tespit
edilmigtir. Martingale artiklar1 simetrik dagilmadigindan
grafiklerinin yorumlanmasi zordur. Ama sapma artiklar
simetriktir ve referans dagilimi normal dagilim
oldugundan anlamlilik diizeyine goére kesim noktasi
yaklasik olarak 2 belirlenip sapma artik grafiginde +2 ve -
2 degerlerinin disindaki goézlemlerin aykiri degerler
olabilecekleri sonucuna ulasilmistir. Ayni referans
dagilimina sahip normal sapma artiklari i¢in de kesim
noktasi ayni alinmig ve benzer yorumlara ulagilmustir.
Log-odds artiklar1 incelendiginde ise aykirt degerler
olabilecek gozlemler bulunamamistir. Aykirn deger
olabilecegi diisiiniilen ii¢ gozlem calismadan ¢ikarilip
model yeniden kurulmus ve aykir1 degerler ¢ikarildiktan
sonra elde edilen modelin daha iyi oldugu goriilmiistiir.
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Abstract

This article aims to develop an organizational performance management model in a dynamic structure, formed in the scientific methods
gathering together. All the criteria, expected to be in the performance evaluation form, create the performance criteria pool (shown as Ph).
This pool has a dynamic structure containing criteria which are decided to take into consideration by the manager. Performance criteria pool
getst together in main group names (shown as AG) and for each AG, half of the total score is taken by using two methods, of which
significance degrees are the highest ones in the result of AHP. The cumulative score shows the "Growth in Learning" level. Growth in
learning data, specify the level of knowledge and experience level, the tendency, strong and developable aspects of the evaluated personnel.
Keywords: Organizational performance management, dynamic model, growth in learning.

Jel Code: L25, L21, M12

DINAMIK BiR PERFORMANS YONETIM MODELI

Ozet

Bu makale, ¢alisanlarin beklentileriyle, bilimsel metotlarin biitiinliigiinde olusan, dinamik yapida bir organizasyonel performans yonetim
modelinin gelistirilmesini amaglamaktadir. Performans degerlendirme formunda yer almasi beklenen tiim kriterler, performans kriter
havuzunu (Ph) olusturmakla birlikte, yoneticinin olmas1 gerektigini diisiindiigli bagka kriterler de varsa havuza ekleyebilecegi esneklik
sayesinde sistem dinamizmi korunmaktadir. Performans kriter havuzu, ana grup isimleri (AG) altinda gruplanir ve her AG i¢in Analitik
Hiyerarsi Prosesi kullanilmasiyla 6nem derecesi en yiiksek ¢ikan yontem sonucundaki puan alinir. Elde edilen bu puan; 6grenmede biiyiime
puanidir. Ogrenmede biiyiime verileri, performans: degerlendirilen calisanin zamanla kazandig1 bilgi ve tecriibe seviyesini, egilimlerini,
giiclii ve gelisime agik yonlerini belirtir.

Anahtar Kelimeler : Organizasyonel performans yonetimi, dinamik model, 6grenmede biiyiime

Jel Kodu : L25, L21, M12

ile bagmtilidir. Siirdiiriilebilirlik yaklagimi geregince de

1. GIRiS her kurumun strateji ve Ozgiinliigiine gore belirlenen
degerlendirme ve yonetim sistemlerini kullanmasi
Rekabetin  6n planda oldugu teknoloji c¢aginda, gerekmektedir.

kurumlarin i¢inde yer aldiklar1 sektorde farkindalik
yaratabilmeleri sahip olduklar1 performans modeli ile
dogru orantilidir. Dolayisiyla; kurumun performans odakli
olarak yonetilmesi, hedeflerini ve bu hedeflere ulasmak
icin kullanacag1 yontemleri dogru bir sekilde tanimlamasi

Performans yonetiminde, kritik faaliyetleri 6lgmek
tizere bunlarin basar1 faktdrlerini degerlendirebilecek
performans gostergeleri de bulunmalidir. Sadece finansal
verilerden yola c¢ikarak bir degerlendirme yapmak
isletmenin gelecek yol haritasi igin dar alanda bilgi verir.
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Halbuki dengeyi saglayacak sekilde finansal olmayan
verilerin de dikkate alinmas1 6nem tagimaktadir. Finansal
Olciitlerin tek basina yetersiz kalmasindan dolayi,
kurumlar basarilarinin ~ siirdiirtilebilirligi  i¢in, yeni
Olciitlere odaklanmak zorunda kalmislardir. Odaklanilan
Olciitler arasinda insan kaynaklari, veri tabanlari, bilgi
sistemleri, kalite odakli migsteri iliskileri ydnetimi,
inovasyon kabiliyeti, teknoloji yonetimi gibi uzun vadeli
deger iireten, finansal olmayan 6l¢iitlerin dikkate alindig:
goriilmektedir.

Finansal olmayan 6lgiitlere hizmet eden organizasyonel
performans yonetimi ise, degeri her gecen giin daha da
artan ve organizasyonun iginde yer aldigi kurumun
basarisimt  direk  etkileyen Onemli bir husustur.
Organizasyonel performans yonetimi, 6znel yaklagimlarin
kolaylikla entegre edilebilecegi ve bu yoniiyle de kurum
i¢i huzursuzluk ve adaletsizligin hizla yayilmasina neden
olabilecek kritik bir siirectir. Organizasyonel performans
degerlendirme ise, detayli mevcut durum analiziyle
birlikte organizasyonun gelisime agik ve giiglii yonlerini
de ortaya cikarir. Ayni zamanda kariyer haritalari i¢in de
veri oOlusturan bu sistem; c¢alisanlarin yetkinliklerinin,
gorevlerinin niteliklerine ve gereklerine uyumunu
belirten, ¢alisanlardan beklenen hedeflerle onlarin
ulastiklar1 sonuglarin ya da basarilarin karsilastiriimasi
olarak nitelendirilebilir. Organizasyonel performans
degerlendirmesinde kullanilan o6lgiitlerin ve yOntemin
nesnel olmasi, organizasyon iginde adil bir cografya
yaratirken c¢alisanlarin beklentilerini de karsilayacaktir.
Bagka deyisle, performans degerlendirmede miimkiin
oldukga bilimsel yaklasimlarin  tercih  edilmesi,
degerlendirilen kigiler tarafindan giivenilirligi
arttiracaktir. Kurum  yOneticilerinin, organizasyonel
performans  yonetiminden en Onemli beklentisi;
farkindalik yaratma amacina saglanacak katkinin oranidir.
Ciinkii finansal olmayan verilerin degerlendirilmesiyle,
insan kaynagma ait Dbulgular {izerinde sayisal
karsilagtirmalar yapilabilecektir. Bdylece ayni hedefe
kosma siirecinde, kurum i¢inde bulunan her unsur
sagladigt katki ile uyumlu bir deger gorecektir.

Ancak bu degerlendirme siireci detayli bir caligma ve
hassasiyeti gerekli kilmaktadir. Ozellikle, sonuglardan
duyulan memnuniyetsizlik, degerlendirme aracinda
kullanilan yaklasimdan kaynakli rahatsizlik, tarafsizlik
ilkesine bagli kalamama gibi sorunlar da kurumlarda ciddi
problemlere neden olmaktadir. Bu sikintilara yonelik
geemisten giliniimiize literatiirde ¢ok sayida calisma
yapilmis ve belli 6lgiide tatmin seviyesi olusturmustur.
Ancak her c¢aligmanin ardindan kalan bir eksiklik
sonrasinda ise yeni bir yaklasim dogmustur. Bu makale
kapsaminda ele alinan konu ise, geg¢misten giiniimiize
yapilan literatiir incelemesi sonucunda, organizasyonel
performans degerlendirmesinde heniiz gerceklesmemis
olan 6zgiin bir yontemin, uygulama ile biitiinliigiidiir.

Literatiir arastirmas1 dogrultusunda edinilen bilgilerin
ortak paydasi, kullanilan performans yonteminden dogan
memnuniyetsizlik ve bunun kurum cografyasindaki
carpan etkisidir. insan kaynaginin adaletsiz bir performans
yonetimi yapildigin1 diistinmesi, kuruma olan aidiyet
duygusunun da hizla azalmasma neden olmaktadir.
Dolayistyla, performans yonetiminin tarafsiz yapildiginin
belirtilmesi ve insanlarin bu konuda ikna edilmesi de
kaginilmazdir. Zira, memnuniyetsizlik insan kaynaginin
bir siire sonra verimini de negatif etkileyecegi gibi, kurum
disinda is arayigina da hizla yonlendirecektir.

Organizasyonel performans yonetiminde, performans
degerlendirme araglarindan beklentilerden bir digeri de
giincellik igermesidir. Her donemde ayni kriterlerin
6l¢iilmesi degil, ilgili zaman periyodunun gerekliliklerinin
de beklentiler iginde yer almasi hem kurumu hem de
personeli dinamik kilmaktadir. Bu durumda, insan
kaynaklar1 ve ilgili birim yoneticilerinin 6l¢iim kriterlerini
gerekgeleriyle  giincellemeleri  beklenir.  Uygulama
asamasinin sinirlart ise, yerli ve biiylik Olcekli bir
kurulusta organizasyonel performans yonetim sisteminin
kurulmasi ile Dbelirlenmistir. Kurumda oncelikle
performans  yonetiminde  bir  kurumsal  hafiza
olusturulmaya baglanmis ve organizasyonun nesnel
yaklasimla degerlendirilecegi hususunda bilgi verilmistir.

Bu ¢alismanin sagladigi en 6nemli katkilardan birisi de
kariyer haritalar1 i¢in altyap1 olusturan bir bilgi bankasin
meydana getirmektir. Kurumsal hafiza ile ¢alisanlar farkli
acilardan degerlendirilebilmektedir.

2. PERFORMANS YONETIMIi

Organizasyonlarda, personelin bilgi, yetenek, beceri ve
genel anlamda mesleki yetkinligi performans yonetimi

araciligyla arttirtlmaya caligtlir. Boylelikle,
organizasyonel hedefler, planlar, bakis acilar1 ve
politikalar cergevesinde kurumsal performans

iyilestirilebilir. Performans yo6netimi, organizasyonlarda
hem bireysel performansin, hem de ekip performansinin
iyilestirilmesini amaglamaktadir.

Bireysel performans, personelin kendisine verilen is
tanimina uygun olarak gerceklestirdigi faaliyetleri, tolere
edilebilir sinirlar iginde gergeklestirmesidir. Bireysel
performans yonetiminin amaci, i goreni kabul edilebilir
sinirlar i¢inde ¢aligtirmaktir. Performans yonetimiyle de,
ekibin performanst gelistirilerek, kurumsal birlikteligin
ortaya ¢ikarilmasi saglanir (Ozkeser, 2014: 34).

lyilestirme faaliyetlerine siireklilik —kazandirmak,
performans yonetiminin temelinde yer alan amacidir. Bu
yonliyle performans yonetimi bir sonu¢ degil, aksine bir
stirectir. Performansin belirlenebilmesi ve performansin
yonetilmesi igin, Oncelikle Olciilebilir ve yonetilebilir
standartlarin  olusturulmas1  gerekir. Aksi  halde,
“0dl¢iilemeyeni yonetemezsin kural1”, 6zellikle performans
yonetimi i¢in dogrudur.
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Kamu veya 6zel, genel veya yerel, tiim kurum ve
kuruluslarda her tiir organizasyonel kaynak yonetimi
mimkiin oldugu gibi, kurumsal kaynaklarin etkin
kullanim1 anlamina gelen performansin da dl¢tilmesi ve
dolayisiyla  yonetilmesi  miimkiindiir.  Kurumlarda
performans yonetiminden bahsedebilmek icin dncelikle is
gbrenin tanimlanmig bir iginin olmasi, isin calisanin
yeteneklerine uygun olmasi ve isin bagarilma derecesini
gosteren standardin ya da gostergenin bulunmasi gerekir.

Firmalar {izerinde 6nemli etkisi bulunan performans
yonetimi, artan rekabet ortami ve is diinyasinda zamanla
olusan yapisal degismelerle birlikte daha da 6nemli bir
hale gelmistir. Performans yonetmenin bu kadar dnemli
olmasimi1 is diinyasindaki kiiresel degisim, acimasiz
rekabet, isletmelerin siirdiiriilebilir gelisim istegi, yerel
veya uluslararasi boyuttaki kalite ddiilleri, organizasyonel
rollerin degismesi, disardan gelen taleplerin degismesi ve
bilgi teknolojisinin 6nemi gibi nedenlerle agiklamaktadir
(Neely vd., 1995: 85). Insan kaynaklar1 y&netiminin
tizerinde en c¢ok tartisilan konularindan birisi olan
performans degerlendirme, calisanlar ve organizasyonlar
acisindan biiyiik 6nem tagimaktadir.

Performans yonetiminin iki temel amaca hizmet ettigi
sOylenebilir. Birincisi, yoneticilere; calisanlarina iligkin
bulunduklar1 pozisyonda yiikselmeler, iicret artiglar1 ve
bunlara benzer diger idari kararlara temel olusturan
bilgileri saglar.  Stratejik kararlarn  bdyle  bir
degerlendirme sonucu verilmesi, isletme kaynaklarinin
efektif kullanimin1  ve bununla iligkili olarak da
gelecekteki  performansin  artmasini  saglayacaktir.
Performans yonetiminin ikinci amaci ise, performans
analizleri sonucunda personelin belirlenmis standartlara
olan yaklasma derecesi ve uygunluguna iliskin veri
saglamasidir. Bu da c¢alisanlarin  donem sonunda
ulasabildikleri performans diizeyine bagli olarak hedeflere
ulagilmigsa  bunun siirekliligine yonelik yapilmast
gerekenler, ulasilamamigsa da nedenleri ve ne tiir bir
¢Oziim gelistirme programi uygulanacagi hakkinda
yOnetime geri besleme imkani verir (Palmer, 1993: 15-30).

Performans yonetiminin ana hedefi personelin yetenek
ve aktivitelerini geligtirecek bir kiiltiir yaratmaktir.
Performans yonetimi uygulanmasinda performans
degerlendirme  tarafsiz  olarak  sunulmalidir  ve
degerlendirmenin sonunda, personeli motive etmek igin
bir sistem kurulmasi da kaginilmazdir (Costello, 1994: 10-
20).

Tiim bunlarla birlikte performans yonetimi nihayetinde
hedeflenen noktaya ulasamama riski de séz konusu
olabilir. Basarisizliga neden olabilecek etkenler su
sekildedir;

e Ust ydnetimin sdzleriyle oldugu kadar tutumlari ile de
performans yonetim sistemini desteklememeleri,

e Orta diizey yoneticilerin gerceklestirilme ¢aligmalarina
dahil edilmemesi ve bu nedenden dolayr hedef
belirlemenin vakit kaybi1 oldugunu diisiinmeleri,

e Yonetici ve calisana, egitim ve siirekli rehberlik
verilmemesi,

e Uygulama sonuclarmma gore sistemin verimlilik
diizeyinin dl¢lilmemesi ve gilincellestirilmemesi

e (insan Kaynaklar1 ve Yénetim Dergisi, 1999: 72).

e Performans yonetiminde sirayla uygulanmasi beklenen
dort faz bulunmaktadir.

Faz-1: Performans Planlama: Performansi olgiilecek
calisan ve degerlendirici arasinda yaklasik bir saatlik bir
zaman dilimini kapsar. Bu faaliyet asagidaki
aktivitelerden olusmaktadir:

e Calisanin isiyle ilgili kilit sorumluluklarinda hem fikir
olunmasi

e Bagar ile sonu¢lanmasi beklenen hedeflerin ortak bir
paydada gelistirilmesi

e Calisanin isi yaparken gelistirmesi gereken en 6nemli
kabiliyetlerinin belirlenmesi

e (alisan i¢in uygun bir gelisim planinin yaratilmasi

Performans  planlama goriismesi yoneticiye
beklentilerini ve c¢alisanin isiyle ilgili dikkate aldigi
unsurlar1 iletmesi i¢in olanak da saglamaktadir.
Performans planlama i¢in kullanilan 6ncelikli arag,
performans degerlendirme formudur. Ciinkii bu form uzun
zaman sonra bile, ¢alisanin igini ne kadar iyi yaptigini
gosterecek Olgiitlere sahip olacaktir.

Faz-2: Performans Uygulama: Bu asamada Once
calisanin en iist diizeyde performans gostermesi i¢in onun
motive olmasim saglayacak kosullarin olusturulmasi,
sonrasinda ise performans problemleri s6z konusu
oldugunda bunlarin ortadan kaldirilmasi gerekmektedir.

Yoneticinin bu asamadaki tiim sorumluluklar1 6zetle
sOyledir:

e Performansa engel teskil edecek problemlerin ortadan
kaldirilmast  ve  motivasyon  igin  kosullarin
olusturulmasi

e Performans kayitlarmin gecmise yonelik olarak
tutulmast

e Diizenli olarak projelerin, amaglarin ve hedeflerin
gbzden gecirilmesi ve gerekirse giincellenmesi

e QGeribildirim saglanmasi ve basar1 i¢in danigmanlik
yapilmasi

o Gelisimsel tecriibe ve firsatlarin saglanmasi
e Ara donem degerlendirmenin yapilmasi

Faz-3: Performans Degerlendirmesi: Performans
degerlendirme formunun doldurulmasi ve sonuglarin
degerlendirilmesini kapsar. Yoneticinin bu asamadaki
sorumluluklarindan bazilar1 su sekildedir:

e Amag, hedef ve kilit sorumluluklarin gbzden
gecirilmesi
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e Tim yili kapsayan bir performans degerlendirme
yapilmasi

e Performans raporlanmasti i¢in hazirlik yapilmasi

Faz-4: Performans Raporlanmasi: Performans yonetim
stirecindeki en son fazdir. Calisan ve degerlendirici
arasindaki goriismeyi icerir. Performans yonetim siireci bu
fazla sonlanir ve yine bu fazla baglar. Gorligmenin baginda
personelin gegmis yildaki performansi sorgulanir ve
gelisim planinin  basaris1  degerlendirilir.  Goriisme
sonunda ise gelecek yil icin olusturulacak performans
plant icin bir gortiigme giinii kararlastirilir (Ozkeser: 2014:
35-36).

3. KURUMSAL PERFORMANS

Franco-Santos’un, 2007 yilinda kurumsal performansin
kavramsal tanimlamasi ile ilgili yapilan ¢alisma, literatiire
onemli fayda saglamistir. Yapilan bu ¢alisma iceriginde
ozel sektor iginde yer alan firmalarin performans
degerlendirmesi ele alinmig ve 1980 yili sonrasindaki
yayimlanmig 300°den fazla arastirma incelenmis, ama
yalnizca on yedi firmanin kurumsal performans sistemine
ilisgkin yaptig1 tanimlamaya rastlanmistir.  Yapilan
inceleme sonucu ortaya c¢ikan bu sonug, performans
alanindaki bilim adamlarinin veya arastirmacilarin
Kurumsal Performans Degerlendirme Sistemi kavramini
kullanirken ne anlatmak istediklerini net olarak
anlagilamadigi  veya tanimlamadigini  belirtmektedir
(Franco-Santos, 2007: 784-801).

1980°1i yillarda, yalnizca bir isletmenin finansal agidan
sagladigt katki seklinde bir kavram olarak goriilen
kurumsal performans, 1990°lardan sonra global bakis acist
ile, maliyet, verimlilik, kalite, esnek iiretim gibi ¢ok ¢esitli
unsurlara iligskin Olgiilerin de yer aldigi bir bakis acisi
kazanmigtir. Bagka bir deyisle, daha genis bir perspektif
ile bakilmaya baglanan kurumsal performansin, sadece
firma sahiplerinin taleplerini gbz oniine almak yerine, es
zamanli olarak miisteri, kamu kurumlari, ¢alisan personel
ve yan sanayi gibi taraflar1 da ilgilendiren bir kavram
oldugu goriisii ortaya ¢ikmigtir. Bu baglamda, kurumsal
performansin tanim olarak, 1990 yilinda ortaya ¢ikmis ve
firmanin stratejik hedefleri iizerine kurulmus oldugu
belirtilebilir (Bititci vd., 1997: 522-534).

Bu ¢ok yonlil yonelim, daha da ilerde toplum ve yeni
nesil gibi Onemli paydaslar1 da kapsayacak sekilde
genigletilmistir. Bugiin artik arastirmacilarin tamamina
yakini, kurumsal performans Ol¢iim sistemlerinin finans
ve finans dis1 6l¢iitleri birlikte kapsamasi ve bu Slgiitlerin
beraberce dikkate alinmasinin zorunlulugu konusunda
fikir  birligine  varmuslardir.  Nitekim, kurumsal
performansin kiiresel bir bakis agisiyla, ¢ok boyutlu
oOlciildiigi modeller literatiirde ¢ok sayida yer almaktadir.
Performans degerlendirmenin modellenmesinde de benzer
bir yapt gozlenmektedir. Ge¢mis yillarda, performans
degerlendirme  sistemlerinde hiyerarsik dikey bir

yapilanma s6z konusu iken, zamanla hem yatay hem dikey
biitiinlesmenin yer aldigi formlar desteklenmektedir
(Neely, vd. 2000: 692-704).

Kurumsal performans degerlendirmenin firmadaki
rollerinin zamanla gelisimine bakildiginda ise, ilk
zamanlarda bu sistemin kontrol fonksiyonu agisindan 6n
planda oldugu goriilmiistiir. Ilerleyen senelerde bu
sistemin igletmenin siirekli gelisimine, stratejinin
belirlenmesi ve isletmedeki tim  boliimlere
yayginlastirilmasina  aktivitelerin  stratejik amaglarla
uyumuna, yonetsel gelisime ve 6grenen bir organizasyon
katkida bulunma islevleri de glindeme gelmistir.

Belirtildigi tizere kurumsal performans alaninda
literatiir son 30-35 yilda bir degisim stireci yasamistir. Bu
degisim, kurumsal performansin kavramsal olarak
icerigini ve degerlendirme sistemlerinin genisledigini de
belirtmektedir. Varilan noktada, kurumsal performans;
firmanin karhlik, verimlilik, insan kaynagi, kalite,
miisteri, inovasyon ve c¢evre gibi farkli boyutlarda
gosterdigi biitiinsel basar1 olarak tanimlanabilir. Benzer
bakis acistyla, performans dlgiim/degerlendirme sistemini
de yonetim boyutunda alinacak kararlart ve siirekli
gelismeyi desteklemek i¢in, firmanin belirledigi strateji ve
hedeflere uyumlu, farkli performans boyutlarinda
gosterdigi basarmin sayisal olarak degerlendirilmesini
saglayacak  aktiviteler  biitiini  olarak  belirtmek
miimkiindiir (Ozkeser, 2014: 51).

4. PERFORMANS DEGERLENDIRME
YONTEMLERI

Personelin  verimliliginin  belirlenmesi  amaciyla
kullanilan ¢ok sayida performans degerlendirme yontemi
bulunmaktadir. Bu yOntemlerden bazilari geleneksel
yontemler iken, bazilart da geleneksel yontemlerin
eksikliklerinin gelistirilmesiyle olusturulmus modern
yontemlerdir. En ¢ok rastlanan performans degerlendirme
yontemleri sunlardir:

1. Grafik Olgiim (Degerlendirme) Yontemi: Literatiirde
en fazla Kkarsilagilabilecek performans degerleme
yontemidir. Degerlendiren kisi; is niteligi, teknik bilgi,
ekip ruhu, isin zamaninda tamamlanmasi ve girisimcilik
gibi kriterlere bir ve bes arasinda puan vererek en iyi ve en
kotii olanlari belirlemeye ¢alisir (Mckenna, 2002: 174). Bu
yontemin bir ¢ok ¢esidi bulunmaktadir. En ¢ok bilinen ve
kullanilan sekli ise, degerlendirmeyi yapacak en yakin iist
yoneticilere degerlendirilecek her kisi i¢in bir form
verilerek doldurmalar1 istenir. Formda personelde
bulunmasi beklenen nitelikler ve bu niteliklerin karsisinda
onlarin ¢esitli derecelerini gosteren rakamlar ya da iyi,
zay1lf vb. tanimlamalar bulunur. Her tamimlamaya ayrica
bir de sayisal deger verilmistir. Karsilik gelen degerler
toplanarak toplam degerlendirme sonucu bulunur.
Sonunda ise, her personel igin sayisal degerler birbirleriyle
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karsilagtirilarak, birbirlerine goére ne kadar basaril
olduklar1 belirlenir.

Grafik 6l¢iim yonteminin bazi dezavantajlari da vardir.
Formda yer alan tanimlamalarin (zayif, iyi vb.) etkisi
degerlendirmeyi yapan yoneticilere gore goreceli olabilir.
Bazilari i¢in ¢ok iyi goriilen bir performans bagska bir bakis
acisina gore ise orta veya yetersiz gelebilmektedir. Ayrica
ortaya c¢ikabilecek diger bir sakinca da yoneticilerin alt
caligsanlar1  degerlendirirken asiridan  kagmalart  ve
ortalama bir yolu tercih etmeleridir. Bu durum personel
arasindaki farklarin ortaya c¢ikmasimi engellemektedir
(Ozkeser, 2014: 88-89).

2. Zorunlu Se¢im Yontemi: Grafik 6l¢iim yontemindeki
olumlu degerlendirme yoneliminin engellenmesi igin
degerlendiren kisiye yliksek puana sahip oldugunu net
olarak  anlayamayacagi baz1 ifadeler verilerek,
degerlendiren kisinin bunlarin i¢inden zorunlu olarak
secim yapmasi talep edilir. Bu yontem, diisiik maliyetli ve
pratiktir. Ancak dezavantaji ise, ifadelerin kimi zaman
personeli siipheye diisiirmesidir.

3. Kwaslama (Ikili Karsilastirma) Yontemleri: Bu
yontemde ¢alisanlar birbirleriyle kiyaslanir ve neticesinde
en iyiden en koétiiye dogru siralanir. En ¢ok yer alan
kiyaslama yontemleri ise adam adama kiyaslama, siralama
yontemi ve alternatif siralama yontemidir.

4. Puanlama Yontemi: Her kriterin 6nem derecesi bazl
puan atanmasinin yapildigi bir yontemdir. En yaygin
kullanimda kriterler bes dereceye ayrilir ve puan
araliginda en basarilidan baslar, basarisiza kadar
isimlendirilir. Yontemin avantaji, degerlendirmenin
kolaylig1 iken, dezavantaji her bolimiin 6zgiin kriterlerle
degerlendirilmesi gerekliligidir.

5. Derecelendirme yontemi: Personeli degerlendirmek
icin  olugturulan kriterlere en uygun segenegin
isaretlenmesine dayali bir uygulamadir. Seceneklerin
aciklama igermesi, formu dolduran kisi i¢in segenekler
arasi farkliligi anlamasina yardimei olur. Derecelendirme
yonteminin avantajlart:

e Diger yontemlere gore daha acik ve nettir.
o Tutarli degerlendirmeye olanak saglamaktadir.

e Sonuglar elde edilmesi kolay oldugundan maliyeti
diisiik bir yontemdir.
Derecelendirme yonteminin dezavantajlari:

e Secenekler arasi farklarin acgik bicimde ifade edilmesi
gerekir.

e Secenek tanimlarin1 yapmak profesyonellik ister.

6. Kontrol listesi yontemi: Degerlendiren kisinin
formda belirtilmis faaliyetler iginden personelin sahip
oldugu kriterleri se¢mesine dayanan bir yontemdir.
Kontrol listesi yonteminin avantaji kullanimi kolay ve
diisiik maliyetli olmast iken, dezavantaji olarak halo
etkisinin goriilebilme olasilig1 belirtilebilir.

7. Puan tahsis yontemi: Uygulama acisindan
degerendirildiginde zorunlu dagihim yontemine benzer.
Personelin en basarili olanindan, en basarisizina kadar
siralanmasi islemini igerir. Bdylece personeller arast bir
siralama olusturulmus olur. Basit ve uygulamasi kolay bir
yontem olmasi 6nemli bir avantaji iken, degerlendirici
hatasina acik bir yontem olmasi ve puanlamanin is
gorenler arasi farki gosterme niteligine sahip olmama
olasiligidir.

8. Davranissal degerlendirme yontemi: Zorunlu se¢im
yontemi ile derecelendirme ydnteminin biitiinlesik
yapistyla olusturulan bu yontem ¢alisanin bulundugu
durumu belirten bir tek se¢enegin isaretlenmesi mantigina
dayanr. Davranigsal degerlendirme formunun
hazirlanmasinda ¢alisanin da katilimina izin verilmesi,
diger yontemlere gore kisinin degerlendirme formunu
benimsemesi saglamaktadir. Bu yonteminin avantajlarim
su sekilde belirtmek miimkiindiir:

e (Calisanin, hazirlik agamasinda i¢inde bulunmasindan
dolay1, diger yontemlere gére daha ¢ok benimsenir.

e Ucretlendirme politikas1 ve kariyer yol haritasi
hazirlanirken, icerigi dolayisiyla bu yontem kaynak
olusturur.

e Calisanin gergeklestirdigi isi baz olarak aliir ve
puanlanir.

Davranigsal degerlendirme yonteminin dezavantaji ise,
yontem gelistirilmesinin zaman alict ve maliyetinin
yiiksek olmasidir (Ozkeser, 2014: 89-91).

Literatiirde en fazla kullanilan performans o6l¢iim
sistemlerine ek olarak asagidaki 6l¢iim sistemleri de bazi
kaynaklarda yer almaktadir. Bunlar;

Kritik Olay Yéntemi: Bu yontemde degerlendiren kisi,
personelin islerini yiriitiirken beklenen limitten yiliksek
cikan pozitif ve negatif tutumlarimi tespit eder.
Gozlemlenen bu davranislar kritik olay olarak adlandirilir.
Bu sekilde adlandirmanin nedeni ise, is yerindeki basari
veya basarisizliga direk etki etmeleridir. Kritik olay
yontemi, planlama ve hazirlik safthalarinda uzun bir siireyi
kapsamaktadir. Ancak degerleme yapilan personelin
gelisime acik yonlerinin rahatlikla belirlenmesi ve
degerleme yapan kisiye saglikli bir geribildirim sunmasi
acisindan fayda saglar. Bu yontemde, degerlendirmeyi
gerceklestirecek olan  yoneticilerden degerlendirme
donemi i¢inde degerlendirilecek her alt ¢alisanin
basarisini veya basarisizligini gosteren birbirinden degisik
olaylar1 bir forma kaydetmeleri talep edilir. Kritik olay
yonteminde, bir savas silirecindeki gozlemler ve
uygulamalardan esinlenilmistir. Savasta goreve c¢ikan
havaci askerlerin basarilarinda veya basarisizliklarinda
etkisi olan kritik olaylar ve davranislarin neler oldugu
dikkatle belirlenmis ve ardindan yapilan goriismelerin de
yardimuyla kritik olaylar listesi hazirlanmigtir. Daha sonra
gorevliler, bu kritik olaylara uyan veya uyum gostermeyen
davraniglart belirlemek suretiyle degerlendirilmistir. Bu
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yontem mantiginda; degerlendirme, degerlendirilen an
itibariyle olan izlenimlere degil, tiim donem siiresince
gerceklesen somut olaylara dayandirilmaktadir. Ayrica,
kritik olay yonteminde dikkat edilen olumsuz olaylarin
bunu gerceklestiren kisiye hatirlatilmas: ile kisinin
davranislarin1 diizeltmesine de olanak saglar. Bunlarla
birlikte bu yontemin dezavantajlari da mevcuttur. Bu
yaklagim geregince, yoneticiden alt calisanlarin kritik
faaliyetlerinin glinliik ya da haftalik olarak kaydedilmesi
istenmektedir. Bu talep yOnetici agisindan fazla is yiki
veya yorucu olarak disiiniilebilir. Ayrica, asil
degerlendirme sonuglarinin dénem sonunda
gerceklesmesinden dolayr alt calisanlarin  kendilerini
diizeltme imkéanlari, aradaki sozli uyarilar disinda
gecikecegi icin, bu da yontemin baska bir dezavantaj
olarak distiniilebilir (Cornelius, 2001: 183-220).

Tanimlayict Metin Tipi Degerlemeler: Degerlendiren
kisi, personelin giiglii ve gelisime agik yonlerini, yazarak
tespit eder. Ayrica bazi Onerilerde de bulunmasi
mimkiindiir. Yontemin en zayif yonii, degerlemede
kullanilan standartlarin  degiskenligidir. Ayrica, 6znel
degerlendirmeler ve yargilara da agiktir (Cornelius, 2001:
175-188).

360 Derece Degerleme Yontemi: Bu yontem, karma
degerlemenin gergeklestigi bir yaklasimdir. Degerlemede
¢ok sayida insan ve dlgiitiin kullanilmasindan dolay1, 360
derece degerleme yaklasimi ismini almistir. Hem
calisanlarin sahip oldugu o6zellikler itibariyle kendilerini
hem de aymi organizasyondaki diger mesai arkdaslarini
degerlendirme olanagt sunan 360 derece degerleme
yontemi  yaklagiminda  farkli  degerlendiricilerden
toplanmis bilgileri almak miimkiindiir. 360 derece
degerleme yaklagimi i¢inde kabul goren temel diisiince,
sekiz ana yetenek agisindan personelin performansinin
tim yonleri ile izlenmesidir. Bu alanlar; insanlarla
iligkiler, gorev yonetimi, iletisim, liderlik o6zellikleri,
degisime uyum, iretim ve is sonuglari, baskalarinin
yetistirilmesi ~ (basariya  katki)  ve  personelin
gelistirilmesidir. Bu degerlendirme yonteminin temeli
organizasyonun tiimii ile biitiin faaliyetlerin stirekli
degerlendirilmesi  esasina dayanir. Bu  yoOntemde
organizasyondaki her faaliyetin herkes tarafindan
denetlenmesi s6z konusudur. Organizasyonda bu yontem
ile performans yonetim yapitasinin olusturulmasinin
avantajlari ise, caliganlarin performans gelisimi agisindan
¢ok yonlii bir geri besleme saglamasi, ¢alisanlar ile i¢ ve
dis miisterilerin arasindaki iletisim diizeyi hakkinda bilgi
edinilmesi, organizasyonda kisisel iliskilerin geligmesi
dogrultusunda  zemin  hazirlamasi, ¢ok  sayida
degerlendiriciye imkan vermesi, calisanlarin
gerceklestirdikleri faaliyetlerinin ¢evredekiler tarafindan
nasil algilandiginin goriilmesi, yoneticilerin galisanlarin
yetenekleri hakkinda daha fazla bilgi sahibi olmasi,
caligana goOre isin yaratilmasina hizmet etmesidir
(Cornelius, 2001: 157-158).

5. LITERATUR OZETi

Literatiir incelendiginde, 1900’li yillarin basinda
Amerika Birlesik Devletlerinde 6zellikle kamu hizmeti
veren kurumlarda organizasyonel performans yonetiminin
peryodik olarak uygulandigt goriilmektedir.
Degerlendirme, Taylor’'un is Ol¢iimii ve verimlilik
caligmalariyla Dbirlikte bilimsel olarak kullanilmaya
baslamistir (Taylor, 1996: 66-79). Tirkiyede ise Once
kamuyla gelen performans degerlendirme uygulamalari
sonra 0zel sektérde de yayginlasmig ve zamanla bu alana
olan ilginin gergeklesen bilimsel etkinliklerle daha da
arttig dikkati ¢gekmistir.

Gegmis yillardan giliniimiize kadar performans
yonetiminde birgok degerlendirme aracinin Onerildigi
goriilmektedir. Yeni Onerilen bir sistem daha Onceki
sistemleri ele alip elestirel yaklasimla inceleyerek
elistirmistir. Ornek ¢aligmalara bakildiginda 1991°de
“Performans Piramidi”nin ilgili donemdeki en ¢ok tercih
edilen degerlendirme araci olarak kullanildigini belirtmek
miimkiindiir. Bu model geleneksel 6l¢iim modellerinden
duyulan tatminsizlik sonucu dogmustur. Performans
piramidinin amaci, yukaridan asagiya dogru gelen
amaglar1 ve asagidan yukariya dogru yonelen Olgiileri
doniistiirerek isletmenin faaliyetlerini isletme
stratejileriyle baglamaktir (Cross ve Lynch, 1991: 20-41).

1992 yilinda ise “The Balanced Scorecard” yani
Kurumsal Karne yaklagiminin gelistirildigi goriilmektedir.
Kurumsal karne, biri akademisyen, digeri danigman olan
Robert S. Kaplan ile David P. Norton tarafindan
gelistirilmistir. Robert S. Kaplan ve David P. Norton,
BSC’yi, hedefleri ve performans ol¢iilerini mantiksal bir
yapt icinde vizyon ve stratejiler ile iliskilendirerek,
isletmenin  vizyonunu ve stratejilerini  Olgiilebilir
hedeflere, faaliyetlere ve kapsamli bir performans 6l¢iileri
kiimesine doniistiiren, ¢ok boyutlu bir performans 6l¢iim
ve yoOnetim sistemi olarak tanimlamaktadir (Kaplan ve
Norton, 1996: 18-32). Yine en iyi bilinen 6rneklerden olan
ve ilgili donemde ¢ok sayida kurulus tarafindan tercih
edilen “Performans Prizmasi” da belli bir siire sonra
literatiire  kazandirilmistir.  Performans  prizmasinin
boyutlar1 paydas memnuniyeti, stratejiler, siiregler,
yetenekler, paydas katkis1 olarak tanimlanmistir (Neely
vd., 2000: 692-704). Bu yontemlerle ilgili ¢aligmalar
incelendiginde, nesnel metotlarin dikkate almmadigi
gozlemlenmistir.

Performans  odlgiilerinin  gelistirilmesine  iliskin
sistematik ~ bir  yaklaggm  da  Sandia  Ulusal
Laboratuarlarinda  uygulanmustir.  Sandia  Ulusal
Laboratuarlari, ABD Enerji Bakanligi’nin ana ulusal Ar-
Ge laboratuvaridir ve Sandia Corporation tarafindan
yonetilip  isletilmektedir. Yaklasim, ABD  Enerji
Bakanligi’nin kendi biinyesinde siirekli gelismeyi tesvik
etmek ve performansa dayali ydnetim tekniklerinin
uygulanmasin1  kolaylagtirmak  amaciyla,  Egitim
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Kaynaklar1 ve Veri Degigimi - Performansa Dayali
Yénetim Ozel 1lgi Grubu’ndan aldig1 hizmet kapsaminda
ylriitiilen faaliyetleri anlatan bir el kitab1 olan Performans
Olgiimii, Teknik ve Araglar icin El Kitabinda
anlatilmaktadir. Bu el kitabinda belirtilen yaklagimin
icerigi, bir aktivitede gdorev alanlarin, o aktivite bitiminde
kendilerinden bekleneni, yapilan igin genel amaca nasil
hizmet ettigini, siiregelen akigin ne kadar iyi oldugunu ve
sonuglarin sapma gostermesi durumunda ne yapilmasi
gerektiginin bilinmesi diislincesinden yola c¢ikarak,
performans 6lgiilerinin faaliyetlerle beraber ele alinmasi
gerektigine vurgu yapilmaktadir. Bu yaklasim geregince,
bir faaliyetin sonuglar1 6lgiilerle sayisallagtirilabildiginde,
o faaliyete iligkin diizeltici bir aktiviteye gerek olup
olmadigini anlamak ig¢in, Olciilen verileri, belirlenen
kriterlerle (hedeflerle) karsilastirmak yeterli olacaktir.
Omegin beyin firtinas1, olciilebilecek kriterlere ait
listelerin olusumunu saglayabilecegi belirtilmektedir. Bu
noktada, segilen Olciiler, faaliyetle ne kadar yakindan
iligkili olursa o olgiide de diizeltici eylemlerin hayata
gegirilebilecegi g0z Oniine alinmasi ifade
edilmektedir(TRADE: 1995). Bu ¢aligmanin incelenmesi
neticesinde, Olgiilerin 6znel yargilarla segilebilecegi
gbzlemlenmistir.

Her bir organizasyonel performans degerlendirme
aracinin gelistirilmesinin ardindan devam eden ihtiyag
noktalar1 ve tatminsizlik yeni modellerin gelistirilmesini
saglamistir. Biitiinlesik Performans Olgiim Sistemleri
(IPMS) de bu yaklagimlardan biridir. [IPMS, Strathclyde
Universitesi iiretim sistemleri grubunun sanayiye ydnelik
mevcut performans Ol¢iim sistemlerinin bir referans
modele gore denetlenmesi ve sonra daha saglam, esnek ve
biitiinlesik performans Slglim sistemlerinin tasarlanmasi
amaciyla kapsamli ve daha dikkatli araglar, teknikler ve
prosediirler gelistirmeleri sonucu 1997°de ortaya ¢ikmis
bir modeldir (Bititci vd., 1997: 522-534).

Biitiinlesik  performans Ol¢lim  sistemi  (IPMS)
performans yOnetim siirecinin  etkili ve verimli
calisabilmesi amaciyla olusturulan bir bilgi sistemi olarak
tanimlanmaktadir (Garengo vd., 2005: 25-47). Bu grup
tarafindan gelistirilen performans 6l¢iim sistemi iki tabanli
bir temele dayanmaktadir. Bunlar, biitiinlesme ve
yayilmadir. Biitiinlesme, isletmenin gesitli alanlarindaki
biitiinlesmesinin ilerletilmesi amaciyla performans 6l¢iim
sisteminin yetenegine vurgu yapmaktadir. Yayilma ise,
isletme amag¢ ve politikalarin daha O6nce belirtilen
organizasyonun hiyerarsik yapisi dogrultusunda yayilmas1
anlamii tagimaktadir. Bu igerikteki yayilmanin amact;
performans  Ol¢limlerinin  organizasyonun  ¢esitli
diizeylerinde kullanilarak isletme amag ve politikalarini
yansitmak, organizasyonun hiyerarsisi ile tutarli olmak ve
bireysel isletme alanlari ile etki ve etkilenmeyle de ilgili
olarak yayilmanin saglanmasi olarak belirtilmistir (Bititci
vd., 1997: 522-534). Biitiinlesik performans o6l¢iim
sistemi, organizasyonel performans degerlendirmesini

isletme fonksiyonlar1 performansiyla birlikte ele almig
karmagik bir yapidir.

Literatiiriin bagka bir yaklasimi olan, biitiinlesik
dinamik performans degerlendirme araci ise, isletmenin
rekabet giiclinii artirarak siirekli iyilestirme saglamaktir.
Bu model isletmenin {i¢ temel fonksiyonel alaninin
biitiinlesmesine dayanmaktadir. Bunlar yonetim, siire¢
iyilestirme takimi  ve {retim  bdliimidir. Bu
fonksiyonlarin biitiinlesik anlamda degerlendirilmesi ve
sistem performanslarmin gelistirilmesi ii¢ farkli arag
yardimiyla yapilmaktadir. Bunlar, performans o6l¢iim
anketi (PMQ), yar1 dmiir kavrami ve degistirilmis deger
odakli doniis siiresi diyagrami (MVFCT) dir (Ghalayini
ve Noble, 1997: 63-80). Biitiinlesik Dinamik Performans
Olciim Sisteminin 6l¢iimleri; zamanlilik, finans, miisteri
memnuniyeti, insan faktorleri, kalite ve esnekliktir.
Modelde kullanilan ydnetim terimi; genel yoOnetim,
pazarlama, miihendislik, iiretim, finans ve muhasebeyi
kapsamaktadir. Yonetim, IDPMS’de kullanilan genel ve
6zellikli basar1 alanlarini belirlemeden sorumludur. Daha
¢ok uzun donemli basarilarla tanimlanan genel alanlar,
organizasyonun stratejisi ve performans 6l¢iim anketine
dayanmaktadir. Rekabet edebilmek amaciyla 6zellikli bir
tirtiniin pazar1 i¢in belirli alanlarin bagaris1 gerekmektedir.
Bu alanlar modelde daha ¢ok satis, pazar pay1 ve miisteri
memnuniyeti raporlarina gdre pazarlama bolimi
tarafindan  belirlenmektedir.  Biitiinlesik ~ dinamik
performans degerlendirme araci; organizasyona stratejik
bakis agisiyla yaklagan ve anket ¢alismasina dayanan bir
yapidir. Bu yaklasim da biitiinlesik performans &l¢lim
sisteminde oldugu gibi organizasyonel performansi diger
isletme fonksiyonlariyla ele almaktadir (Ozkeser, 2014:
70-71).

2000 y1ilinda ise bir grup CSIRO (The Commonwealth
Scientific and Ind. Research Org.- Bilimsel ve Sanayi
Arastirma Organizasyonlart Toplulugu: Avustralya’da
KOBI’ler yararina ¢alisan bir topluluk) ¢alisani tarafindan
KOBI’ler iizerinde yapilan arastirmalar sonucu Orgiitsel
Performans Olgiim aract (OPM) ortaya konulmustur. Bu
arastirma ile amaclanan, isletme riskine katkisi bulunan
biitiin kritik faktorleri dikkate alan ve bu sebeple daha
bilingli karar alinmasin1 saglayan daha iyi bir
organizasyon sistemi ortaya koymaktir. Bu arastirmada
degisik sektorlerden, degisik cografik bolgelerden, farkli
biiyilikliiklerde (6-400 kisi arasi caligani olan), degisik
gelismislik diizeylerinde (pazar, iiriin ve hizmet agisindan)
bulunan, kalite yonetimi konusunda sifirdan hatir1 sayilir
o6l¢tide onceliklere sahip yapida olan 20 isletme iizerinde
gerceklestirilen alan uygulamalarindan elde edilen
cikarimlara yer verilmistir. Sonugta, Ol¢iim modelin
uygulanmasi asamas ile ilgili olarak sekiz adimli bir yap1
ortaya ¢ikmistir. Bu adimlar Barnes ve digerleri tarafindan
1998°de sunulan makalede su sekilde belirtilmistir: Genel
olarak Ol¢iim sisteminin tasarlanmasi, verilere dayali
planlama ve karar verme siireglerinin olusturulmasi, karar
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vermek i¢in kullanilacak verinin kapsaminin belirlenmesi,
yoOnetim sisteminin tasarlanmasi, veri toplama isleminin
gergeklestirilmesi, toplanan verilerin analiz edilmesi,
analiz sonrasi verilerin uygun bir sekilde sunumu, 6l¢iim
sisteminin belli araliklarla gozden gegirilmesidir. Bu
modelde isletmenin biitiin yonleri ile performans diizeyi
degerlendirilmeye ¢aligilmaktadir. Ayrica KOBI’ler igin
uygun ve onlarla alakali 6zel gelisim Onerileri de
yapilmaktadir. Bu model ii¢ temel prensip {izerine
kurulmustur. Bu prensipler; uyumlastirma, siire¢ bazli
diisiinme ve uygulanabilirlik olarak belirtilmistir. OPM
sisteminde basar1 mutlak bir sekilde ortaya konulmamaistir.
Ciinkii basar1 algisal bir kavramdir ve bu sistemde
isletmenin paydaglarina degisik yollardan ek deger
saglayan her sey basari faktorii olarak diistinilmiistiir.
Taktik diizeydeki oOlgiitler yol gosterici olarak gorev
yapmaktadirlar. Bu diizeyde daha ¢ok firmanin neler
yapmaya ihtiyact oldugunu ve deger yaratmak icin neler
iiretebilecegini yansitacak gostergeler belirlenir. Bunlar
OPM sistemi tarafindan temel performans gostergeleri
(KPI) olarak adlandirilirlar. Bu gostergeler ile firma
icerisinde biitiin kritik yonleri ile yer alan performans
belirlenmeye ¢alisilir. Bunlar, {ist diizey yoneticiler
tarafindan isletmenin temel siireglerinin gelistirilmesi ve
yonetilmesi amaglari ile kullanilir ve genellikle aylik ya da
i¢ aylik olarak raporlandirilir. Operasyonel diizeydeki
dlciitler isletmenin asil isleri ile ilgilidir. Ozetle, stratejik
seviyedeki basar1 gostergeleri, bir katma deger elde edilip
edilmedigini belirtirken; temel performans gostergeleri,
organizasyonun bir deger yaratip yaratmayacagini ve
organizasyonun elde ettigi temel ¢iktilar1 gosterir.
Operasyonel gostergeler ise, daha diigik diizeydeki
faaliyet ve c¢iktilart yansitir ve temel performans
gostergeleri i¢in tahmin edici sonuglar iiretir (Ozkeser,
2014: 75-76).

Literatiirde gelistirilen bu organizasyonel performans
degerlendirme araglarinin yanisira, farkli performanslarin
Ol¢iimii i¢in de organizasyonel performanstan bir koprii
niteliginde faydalanilmustir. Tedarik zinciri
performansinin organizasyonel performans ile dl¢ildiigi
bir calismada, kurumsal karne (balance score card)
kullanilmigtir. Sonuglar, orgiitsel performans {izerinde
finans, pazarlama ve inovasyonun pozitif ve istatistiksel
oneminin oldugunu ortaya koymustur. Bu makale,
literatiirde bilinen degerlendirme araclarindan olan
kurumsal karne kullanimi ile sonuglanmistir (Gyula, 2013:
1505-1510).

Yakin ge¢misteki literatiir ¢aligmalarinda ise,
organizasyonel performansin bir isletmedeki her
fonksiyonu onemli derecede etkileyebilecegi
gozlemlenmektedir.  Organizasyonlarin  performans
degerlendirme siireglerinin sistemi direk etkiledigi ve
stirecin saglikli olmasinin kisilerin performans gelisimine
olumlu katki sagladigini farkli ¢aligmalarda ele alinmustir.

(Noruzy, 2013: 1073-1085), (Fashami ve Moghadam,
2013: 608-612), (Mosconi ve Roy, 2013: 68-76).

Organizasyonel performansin siirdiirillebilirligi  ve
bunun firmaya direk ve indirek etkilerine ise farkli
calismalarda yer verilmistir (Liviu, 2013: 1690-1697),
(Sarhan ve Fox, 2013: 23-35), (Dadzie vd., 2012: 172-
182). Bowlby ise Living the Future: Organizational
Performance Assessment adli makalesinde ¢ok sayida
ornegi bir arada sunmug ve organizasyonel performans
degerlendirmesinin  6nemini  6n plana ¢ikarmigtir
(Bowlby, 2012: 626-652). Veri zarflama yaklagimin
kullanan Liu ise, ¢aligmasinda organizasyonel performans
degerlendirme uygulamasi gergeklestirmis ve bunun
sagladig1 faydalar 6n planda tutmustur (Liu, 2009: 15-30).

Bu  arastirmalardan da  anlasilacagi  iizere,
organizasyonel performans yonetimi bir kurumun tim
faaliyetlerine ciddi etki gergeklestiren 6nemli bir siirectir.
Dolayistyla bu siirecin tarafsiz yonetiminin ayni dl¢lide
¢alisanin memnuniyetini de saglayacagi belirtilebilir.

6. YONTEM

Makale iginde uygulanan yontemleri ii¢ ana baglikta
toplamak miimkiindiir:
e Modelin tasarimi
o Kavram gelistirme
e Teknolojik uygulama etiidii

Modelin tasarimi: Yer almasi beklenen kriterlerle ile
kullanilacak performans degerlendirme yontemlerinin
biitiinliigi ile 6nerilen model tasarlanmaktadir. Bu tasarim
icinde olusturulan performans kriter havuzu (Pp)
yOneticinin olmast gerektigini diigiindiigli baska kriterler
de yer aldiginda, eklenebilecek esnekligi sagladigi icin
sistem dinamizmi korunmaktadir. Tasarim asamasinda
kullanilan metotlar su sekilde agiklanabilir:

a. Anket Yontemi: Performans Kkriter havuzu (Pn)
uygulamanin yapildigi lokasyondaki calisanlar tarafindan
anket yontemi ile bilgiler toplanarak olusturulmustur.
Calisanlara, hangi gostergelerin dikkate alinmasi gerektigi
hakkinda ve kullanilan performans degerlendirme
yonteminden tagimasi beklenen Ozellikler hakkinda
sorular yoneltilerek, anket formlar1 ile veri saglanmustir.
Dolayisiyla her bir performans yonetim kriterinin ve
degerlendirme sorusunun mensei yine insan kaynaginin
kendisi olmustur. Anket sorular1 iginde; performans
gostergelerine iliskin verilen cevaplar Pp’1 olustururken;
kullanilan yontemden beklentiler de analitik hiyerarsi
prosesinde kullanilacak bilgi kaynagini olusturmustur.

Bu havuzun, nesnellik politikasina bagli ve
zamanasimma  ugramayan  bir  yapida  olmasi
kacinilmazdir. Dolayisiyla, performansi degerlendiren
yonetici, sektoriin beklentileri geregince de sisteme
performans 6lgiitii ekleme yetkisine sahiptir. Ornegin; iig
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boyutlu tasarim programi hakkinda ileri diizeyde bilgi
sahibi olmasi, ¢alisandan beklenen bir kriter olabilir.

b. Analitik Hiyerarsi Proses (AHP): Analitik Hiyerarsi
Proses (AHP), ilk olarak 1968’de Myers ve Albert ikilisi
tarafindan ortaya atilmig ve 1977’de ise Saaty tarafindan
bir model olarak gelistirilerek karar verme problemlerinin
¢ozlimiinde kullamlabilir hale getirilmistir. AHP, karar
hiyerarsisinin tanimlanabilmesi durumunda kullanilan,
karar1 etkileyen faktorler agisindan karar noktalarinin
yiizde dagilimlarini veren bir karar verme ve tahminleme
yontemi olarak agiklanabilir. AHP bir karar hiyerarsisi
iizerinde, onceden tanimlanmis bir karsilagtirma skalast
kullanilarak, gerek karari etkileyen faktorler ve gerekse bu
faktorler agisindan karar noktalarmim onem degerleri
agisindan, birebir karsilastirmalara  dayanmaktadir.
Sonugta 6nem farkliliklari, karar noktalari {izerinde yiizde
dagilima doniismektedir (Saaty, 1977: 234-281).

Ozetle; AHP, Ogeleri arasinda karmasik iliskiler
sergileyen sistemlere ait karar problemlerinde; sistemi alt
sistemleriyle iliskili, hiyerarsik bir yapida oldukg¢a
basitlestirerek  ifade edip, mantiksal diisiinceyle
irdeleyebilen bir yaklagimdir (Felek vd., 2007: 6-22).
Mantiksallik 6zelligiyle de makalenin ana amaci ile
ortiismektedir.

AHP yonteminin uygulama adimlar1 su sekildedir:

Adim 1. Karar Probleminin Tanimlanmasi ve Modelin
Kurulmast: ilk asamada karar verme problemi net bir
sekilde tanimlanir, hedef, ana kriterler, alt kriterler ve
alternatifler anlasilir bir bigimde ifade edilir. Problemin
tanmimlanmasi1  asamasinda amacmn  ve  kriterlerin
olusturulmasinda  karar  vericiler ile  yapilacak
degerlendirmelerin ~ sistematik  olmast Onem arz
etmektedir.

Adim 2. [lliskilerin Belirlenmesi: Kriterlerin
etkilesimleri belirlenerek yapi kurulur. Hiyerarsik, sinif
ici, smiflar aras1 ve kriterler arasi tiim etkilesimlerin
incelenmesi ve iligkilendirilmesi gerekir.

Adim 3. Kriterler Aras1 Ikili Karsilastirmalarin
Yapilmasi ve Oncelik Vektorlerinin Hesaplanmasi:
Belirlenen bir 0l¢ek iizerinde karar vericilerin
kullandiklar1 ydntemle kriterler ve simiflar arasi ikili
karsilastirmalar yapilir. Olgek kullanilarak yapilan ikili
karsilagtirma degerleri matris gatisi tizerinde olugturulur.

Adim 4. Karsilastirma Matrislerinin ~ Tutarlilik
Analizlerinin Yapilmasi: Yapilan ikili karsilagtirmalarda
belirlenen etkilesimin tutarli olup olmadig: tutarlilik orani
(CR) hesaplanarak olgiilmektedir.  Tutarlilik indeksi
(CI)’nin, Rastgele Tutarlilik indeksi (RI)* ya boliimii ile
tutarlilik oran1 elde edilir ve bu deger 0.10 degerinden az
ise ikili kargilastirmalarin tutarli oldugu séylenebilir. Eger
0.10’dan  biiylikse karar  verici grup, yapilan
karsilagtirmalar1 tekrar gozden gecirmelidir. Tutarlilik
indeksi Saaty tarafindan gelistirilmistir.

Adum 5. Karar Matrisinin Olusturulmasi: Karar matrisi,
iki faktor arasindaki iliskiyi gosterir. Alternatiflere ait
agirlikli puanlarin hesaplanmast igin, alternatiflerin analizi
sonucu olusan n tane m x 1 boyutlu siitun vektorii, m x n
boyutlu karar matrisini olugturur. Bu matris, kriter
karsilastirmalar1 sonucu elde edilen w sutun vektorii ile
carpilarak, yeni bir sutiin vektorii elde edilir. Bu vektoriin
her bir elemani, karar alternatiflerinin puanlarini gosterir.
Toplam1 1 olacak sekilde ortaya c¢ikan bu degerler
icerisinde, en biiyiik puana (6neme) sahip alternatif en
uygun alternatiftir (Saaty, 2005).

Model tasarimmnin ikinci agamasinda, yukarida
uygulama adimlart yer alan Analitik Hiyerarsi
Prosesinden (AHP) faydalanilmistir. Karar hiyerarsisi
modelinde; performans degerlendirme ydntemleri
AHP’nin alternatifleri; anket iginde toplanan ve bu
yontemlerden tagimasi beklenen ozellikler de AHP’nin
Olgiitlerini  olusturmustur. Yapilan anket siirecinde;
mevcut organizasyonel performans degerlendirme
yontemleri; kendi iginde avantaj ve dezavantajlar
acisindan ayr1 ayri maddelenerek, katilimeilara yontemler
hakkinda 6zet bilgi verilmistir.

c. Karar Destek Sistemi: KDS (Karar destek
sistemi), toplanan veriler ve bunlarin i¢inde olusturulmasi
gereken karar mekanizmalar1 amaciyla gelistirilen
bilgisayar tabanli sistemlerdir. Verileri ve modellerin
etkin kullanimin1 saglayarak karmasik problemlerin
¢Oziimiine katkida bulunurlar. Karar destek kavrami iki
alandaki arastirmalar sonucu ortaya ¢ikmustir. Bunlar:

e Carneigie Institute of Technology’de 1950-1960
yillarinda yapilan teorik organizasyonel karar verme
calismalari

e Massachusetts Institude of Technologyde 1960’1
yillarda yapilan etkilesimli bilgisayar sistemlerinde
teknik is ¢calismalaridir.

Karar destek sistemlerinin yararlarint  6zetlemek
gerekirse; cok sayida iterasyon, beklenmedik durumlarda
hizli cevap, aninda analiz yetenegi, yeni anlayislar ve
O0grenme, zaman tasarrufu, veri kaynaklarini daha iyi
kullanma gibi yonleri belirtilebilir. Karar destek sistemleri
icinde en fazla karsilasilanlar; Expert Choice, Decision
Lens ve Super Decisions gibi programlardir. Bunlarin
icinden Expert Choice kullaniciya sagladigi anlasilabilir
yapisi, duyarlilik analizini kolaylikla yapmaya imkén
vermesi agisindan olduk¢a kullanisli bir programdir.
Matrislerin  programa aktarilmast ile sistem her
karsilagtirma matrisi icin tutarlilik oranint
hesaplamaktadir. Boylece tutarlilik orani kabul edilebilir
limitin disinda oldugu durumlarda alinan verilerin tekrar
gozden gecirilmesi saglanmaktadir. Bu makalede, Expert
Choice programinin galistirilmasi ile en yiiksek dneme
sahip performans degerlendirme yontemi dikkate
alinmaktadir.
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Kavram gelistirme: Makale calismasinin sonunda elde
edilen “Ogrenmede biiyiime” verileri, uygulamanin
yapildigt kurum icinde yeni bir kavram olarak
geligtirilmistir. Performans kriter havuzu (Pn), ana grup
isimleri (AG) altinda toplanmaktadir. Her AG i¢in AHP
sonucunda onem derecesi en yiiksek cikan yontem ile
nihai puan elde edilmis ve bu puan “Ogrenmedeki
biliylime” seviyesini gdstermistir. Her bir AG i¢in de ayr1
ayr1 6grenmede bilylime orani gosterilebilmektedir.

Teknolojik uygulama etiidii: Teknolojik uygulama
etiidiinde, makale kapsaminda tasarlanan modelin
uygulamasi ger¢eklesmistir. Bu uygulamada, ankete
verilen yanitlar, elde edilen istatistikler ve her bir ¢aligana
ait 6grenmede biliyiime puani elde edilmistir. Sonuglar,
ozellikle insan kaynaklar1 gelisimi agisindan yol gdsterici
olan kariyer haritalarina  6nemli Olgiide fayda
saglamaktadir.

7. UYYGULAMA

Uygulamanin  ilk asamasi anket sireci ile
baslamaktadir.  Anket, uygulamanin  gerceklestigi
kurumda sanal olarak katilimcilarin kurumsal e-posta
adreslerine gonderilmistir. Yapilan ankette kullanilan
form iki ana boliimden olusmaktadir ve asagida tablo 1’de
sunulmaktadir.

Tablo 1. Performans Yonetimi - Veri Toplama Anketi

Performans Yonetimi - Veri Toplama Anketi

Soru:1 >> Performans yonetiminde, degerlendirilmesini
istediginiz kriterleri yazimz. (Kriter sayis1 i¢in sinirlama
bulunmamaktadir.)

Soru:2 >> Performans yonetiminde kullanilan degerlendirme
yontemleri asagida kisaca dzetlenmistir. Her bir yontemle ilgili
bilgiyi okuduktan sonra, genel olarak performans degerlendirme
yontemlerinden tasimasim beklediginiz 6zellikleri belirtiniz.
(Ozellik sayisi igin smirlama bulunmamaktadir.)

Anket sonrasinda birinci soru igin elde edilen cevaplar
tablo 2’de, ikinci soru i¢in beklenen 6zellikler de tablo
3’de gosterilmektedir. Tablo 2’de, verilen yanitlarla
olusan performans kriter havuzu ve bu kriterlerin yer
aldig1 ana grup isimleri (AG) de yer almaktadir. Alinan
yanitlar {izerinde yapilan derleme sonucunda, bazi
kriterler es anlama gelebilecek agiklamalarla yazildig1 i¢in
miikerrer olmamasi adina tek bir kriter dikkate alinmstir.

Tablo 2. Performans kriter havuzu ve ana grup isimleri

A _ KISISEL ORGANIZASYON MESLEKI
G OZELLIKLER YONETIMI BILGI
Yapilan ise hakim
olunmast
Bratim: Verilen igin
2 Sonug odaklilik ZBa.rlne.m yolnetlml zamaninda
S Tkna kabiliyeti ret péy a.$l,m1 tamamlanmasi
£ Giiglii iletisim L
- Sorumluluk _ Is gelistirme
g Sabar Ekip uyumu kabiliyeti
N Arastirmacilik ve leerllk kabiliyeti Etik kurallara
2| inovasyona agikhk | Calistigi departman uyum
g Seffaflik hedefleriyle Maliyeti diisiirme
8 Diiriistliik senkronize galismalart
© Risk yonetim is normlarma
o kabiliyeti uyum
Kisisel gelisim
cabasi

Tablo 3. Performans degerlendirme yontemlerinden beklenen 6zellikler

Cok yonlii degerlendirme
Nesnel yaklasim
Yalm igerik
Modiilerlik

Performans degerlendirme ydntemlerinden beklenen
ozellikleri su sekilde agiklamak miimkiindiir:

Cok yénlii degerlendirme: Personel, her agidan
degerlendirilmesini talep etmektedir. Gelisime agik
yonlerinin, kuvvetli yonlerinin ve orta diizeyde yer alan
ozelliklerinin biitiinlesik olarak ele alinmasini tercih eder.

Nesnel yaklasim: Organizasyonel iklimin
bozulmamasi, kuruma olan aidiyet duygusunun
zedelenmemesi, motivasyonun  diisgmemesi  igin

degerlendirme aracinin nesnel bir yaklasim i¢inde olmasi
gerekmektedir.

Yalin  icerik: Kompleks bir yapidan wuzak,
degerlendirme siiresince personelin &zellikleri hakkinda
yalin sorular igeren bir form olmasi beklenmektedir.

Modiilerlik: Elde edilen bilginin, kigisel gelisim
ihtiyaclari, kariyer planlamasi, rotasyon, terfi vb.
konularda kullanilabilir nitelikte olmasi gerekmektedir.

Elde edilen bilgi dogrultusunda kurulan hiyerarsik yap1
su sekilde olup, tablo 4 ‘de gosterilmektedir.

Amag Y Departmaninin  Performans
Degerlendirmesi
Olciitler Cok yonlii degerlendirme, nesnel

yaklasim, yalin igerik, modiilerlik

Alternatifler Grafik Ol¢iim Yontemi, Zorunlu
Secim Yontemi, Kiyaslama (ikili Karsilastirma) Yontemi,
Puanlama Yontemi, Derecelendirme YOntemi, Kontrol
Listesi Yontemi, Puan Tahsis Yontemi, Davranigsal
Degerlendirme  Yontemi, Kritk Olay Yontemi,
Tanimlayict Metin Tipi Degerlemeler, 360 Derece
Degerlendirme
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Tablo 4. Hiyerarsik yap1

Cok yonlii Grafik Olgiim Yontemi
degerlendirme
Zorunlu Se¢im Yontemi
Kiyaslama Yo6ntemi
Nesnel Puanlama Yontemi
yaklagim
Derecelendirme Y ontemi
Y Departmani
Performans
Degerlendirmesi Kontrol Listesi Yontemi
Yalnigerik | pyan Tahsis Yontemi
Davranigsal ~ Degerlendirme
Yontemi
Kritik Olay Yontemi
Modiilerlik . o
Tanimlayict Metin Tipi
Degerlemeler
360 Derece Degerlendirme
Amac Olgiitler Alternatifler

Hiyerarsik yap1 olusturulduktan sonra, Saaty’nin 1-9
Olcegi  kullanilarak  ikili  kargilagtirma  matrisleri
olusturulmug ve Expert Choice sistemine aktarilmustir.
Matris yapisinin  hazirlanmasinda; simetrik eleman,
agirligin ¢arpmaya gore tersi olarak alinir.

Ornegin; ajj, i ozellik ile j 6zelligin ikili karsilagtirma
degerini verecek olursa genel olarak ikili karsilagtirma
matrisi;

all a12 " aln
aZl a22 e aZn
A= 1)
_anl a’nz ann .

seklinde yazilir. Bu karsilastirma matrisi, NXN boyutlu
bir kare matristir. Karsilastirma matrisinin kosegeni
iizerindeki bilesenler, yani I = j oldugunda, 1 degerini
alir. Cinkii bu durumda ilgili faktér kendisi ile
karsilastirilmaktadir. Faktorlerin karsilagtirilmasi,
birbirlerine gore sahip olduklar1 6nem degerlerine gore
birebir ve karsilikli yapilir. Ornegin birinci faktor iigiincii
faktore gore karsilagtirmay1 yapan tarafindan daha 6nemli
goriliniiyorsa, bu durumda karsilastirma matrisinin birinci
satir liglincii siitun bileseni (i=1, j=3), 3 degerini alir. Aksi
durumda yani Dbirinci faktoriin  {glincli  faktorle
karsilastirilmasinda, daha 6nemli tercihi {iglincii faktorden
yana kullanilacaksa bu durumda karsilastirma matrisinin

birinci satir ii¢lincii siitun bileseni 1/3 degerini alir. Ayni
karsilastirmada  birinci  faktorle iglincli  faktoriin
karsilagtirilmasinda faktorler esit dneme sahip olduklar
yoniinde tercih kullaniliyorsa bu durumda bilesen 1
degerini alir. Karsilagtirmalar, karsilastirma matrisinin
tim degerleri 1 olan kosegeninin iistiinde kalan degerler
icin yapilir. Kosegenin altinda kalan bilesenler i¢in ise
dogal olarak asagidaki formiilii kullanmak yeterlidir.
a 1
I
i a,
Ikili karsilastirmalarda, Saaty tarafindan 6nerilen ve 1-
9 araliginda degerlerin yer aldig1 tablo, dnem derecesi
tablosu (skalasi) olarak adlandirilir.
Tablo 5.0Onem Derecesi Tablosu

Onem Derecesi Tammlamas:

Esit Onem

Biri Digerine Gére Orta Derecede Daha Onemli

Cok Kuvvetli Diizeyde Onem

Asir Diizeyde Onem

1
3
5 Kuvvetli Diizeyde Onem
7
9
2

4,6,8 Uzlagma Gerektiginde Kullanilan Onem Dereceleri
Kaynak: Saaty, 1977: 234-281.

Ikili karsilastirma matrisinin 6zellikleri dzetle soyledir:

1.Tiim elemanlar pozitif sayidir ve kare matristir.

2.Matris tam tutarl ise ajj * ajx = aik esitligi saglanir.

3.Matris tam tutarliysa herhangi bir satirindan matrisin
diger tiim faktorleri elde edilebilir.

4.n sayisinin ikili kombinasyonu kadar a¢ilim yapilir.

5.AHP matrisinde agirlik veya goreli 6nem vektorii
olarak tanimlanan 6zvektdr, matrisin en biiyiik 6zdegerine
karsilik gelir.

6.A matrisinin kdsegenleri 1’e esittir.

Yapilan ikili karsilagtirma matrisleri i¢inden ornek
olarak Y departmaninin performans degerlendirme amaci
icin olusturulan ikili karsilagtirma matrisi tablo 6°da
gosterilmistir.

Tablo 6. Performans degerlendirme amaci igin olusturulan ikili
karsilagtirma matrisi

Y
departmanim Cok yonlii Nesnel Yalm Modil
n performans | degerlendirm Yakl icerik erlik
degerlendirm e aklasim ¢
esi
Gok yonli 1 177 s | 13
degerlendirme
Nesnel
7 1 5 3
Yaklagim
Yalin igerik 5 1/5 1 2
Modiilerlik 3 1/3 123 1

Ikili karsilastirmalar sonucu elde edilen matrislerin
tutarliliginin kontrolii de yapilmistir. Alternatif ve dlgiit

Alphanumeric Journal

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

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



164 Banu OZKESER, Arzu UZUN | Alphanumeric Journal, 3(2) (2015) 153168

sayisina gore kabul edilebilir tutarsizlik orani %10 alinmis
ve tablo 7’deki oranlar hesaplanmistir ve tablodan da
goriilebilecegi gibi, tiim oranlar kabul edilebilir seviye
icindedir ve yargilarimiz dogrudur.

Tablo 7. Tutarlilik oranlar

Sonrasinda  biitiinlesik  goreli 6nem  vektdrleri
hesaplanmistir. Bu hesaplama ile en yiiksek biitiinlesik
Ooneme sahip yoOntem, derecelendirme yoOntemi olarak
bulunmustur. Ozetle; Y departmaninin  performans
degerlendirmesinde kullanilacak derecelendirme yontemi

Cok yonlii degerlendirme 0,08 ve bu yontem icinde yer alan kriterler tamamen nesnel
Nesnel yaklagm 0.04 yaklasimlarin kullaml@a@ ile secilmistir. ‘
— Performans yonetiminde kullanilan derecelendirme
Yalin igerik 0,09 , v eeq qee e ae - . o
formu Tablo 8’de goriildigi {izere asagidaki gibi
Modiilerlik 0,05 Olusturulmustur
Olgiitler matrisi 0,02
Tablo 8. Performans degerlendirme formu
Performans Degerlendirme Formu
Calisana ait bilgiler:
Ad1 Soyadi
Sicil No
Departman
Unvan
Ogrenmede Biiyiime Puan:
Toplam Puan %
Kisisel Ozellikler
Organizasyon Y 6netimi
Mesleki Bilgi
Performans Seviye Miikemmel Yetenekli Uygun Sinirlt
degerlendirme (@) 3) ) @)
kriterleri

Kisisel Ozellikler

Sonug odaklilik

Arastirmacilik ve inovasyona agiklik

Diiriistliik

Sabir

Sorumluluk

Seffaflik

Ikna kabiliyeti

Organizasyon Yonetimi

Zaman yonetimi

Giiglii iletisim

Bilgi paylasimi

Ekip uyumu

Liderlik kabiliyeti

Calistig1 departman hedefleriyle senkronize

Risk yonetim kabiliyeti

Mesleki Bilgi

Yapilan ise hakim olunmast

Verilen isin zamaninda tamamlanmasi
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Is gelistirme kabiliyeti

Maliyeti diisiirme ¢aligmalari

Kisisel gelisim ¢abasi

Etik kurallara uyum

Is normlarina uyum

Bu formun kullanilmasiyla, elde edilen sonuglar 6rnek olarak Tablo 9 ve 10°da sunulmaktadir.

Tablo 9. Ornek bir performans degerlendirme formu

Performansi Degerlendirme Formu

Calisana ait bilgiler:

Ad1 Soyadi A

Sicil No 123

Departman ABC

Unvan XX

Ogrenmede Biiyiime Puan:

Toplam Puan

%

Kisisel Ozellikler 21

37,5

Organizasyon Y 6netimi 18

32,1

Mesleki Bilgi 17

30,4

Performans Seviye
degerlendirme
kriterleri

Miikemmel

Q]

Yetenekli
(3)

Uygun Sinirl
@ ()

Kisisel Ozellikler

Sonug odaklilik

Arastirmacilik ve inovasyona agiklik

Diirtistliik

Sabir

Sorumluluk

Seffaflik

Ikna kabiliyeti

Organizasyon Yonetimi

Zaman yonetimi

Giiglii iletigim

Bilgi paylasimi

Ekip uyumu

Liderlik kabiliyeti

Calist181 departman hedefleriyle senkronize

Risk yonetim kabiliyeti

Mesleki Bilgi

Yapilan ise hakim olunmasi

Verilen isin zamaninda tamamlanmasi

Is gelistirme kabiliyeti

Maliyeti diigiirme ¢aligmalari

Kisisel gelisim ¢abast

Etik kurallara uyum

N N NN

Is normlarma uyum
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Tablo 10. A calisanina ait 6grenmede biiylime grafigi

Organizasyon Yonetimi
2632,1

Mesleki Bilgi
%030.4

Bu sonuglara gore A c¢alisami kisisel oOzellikler
agisindan olduk¢a kuvvetli, organizasyon ydnetiminde
mikro boyutta eksiklikleri olan ancak mesleki yeterlilik
acisindan bu diger iki basliga gore gelisime agik daha fazla
yonii bulunan bir personeldir. Dolayisiyla bdyle bir
calisanin mesleki egitimlerin almmasi ile gelisimi
planlanabilir. Ayrica mesleki bilgi ana grubuna ait
performans kriterlerinin her birisi ayr1 ayri ele alinarak
kendisiyle ikili goriisme yapilabilir. Kullanilan yontem ve
kriterlerin nesnel olmasi A c¢alisaninin ¢ikan sonuglara
giiven duymasini saglamistir. Dolayisiyla teknik boyutta
gelisime agik yonlere iligkin, insan kaynaklari yoneticisi
ile ¢oziim Onerilerinin belirlenmesi de kolaylasmaktadir.

8. SONUC VE TARTISMA

Ulkeler arasi sinirlarin kalktigi giiniimiizde, insan
kaynaklarimin klasik yonetim anlayisini geride birakarak
modern bir hal aldi§1 kaginilmazdir. Insan kaynagini,
strateji haritasindaki her maddenin gergeklestirilmesine
katki saglayacak bir anahtar olarak nitelendiren bu modern
yonetim yaklagimi, kurum kiiltiiriiniin yansitilmasi, kurum
cografyasinin etkilenmesi ve orgiitsel iklimin homojen
olmasi agisindan biiylik 6nem tagimaktadir. Bu modern
yaklagimdaki en oOnemli konulardan birisi ise,
organizasyonlarin performans yonetimi verimliliginin
strekliligidir.
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