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Combined Quadrotor Autopilot System and Differential Morphing System
Design

Oguz KOSE™ | Tugrul OKTAY?

! Gumushane University, Kelkit College of Aydin Dogan, Kelkit/Gumushane, Turkey
2 Erciyes University, Department of Aeronautical Engineering, Kayseri, Turkey

Abstract

The aim of this article is to design and model a quadrotor with autopilot system and differential morphing using the
Simultaneous Perturbation Stochastic Approximation (SPSA) optimization algorithm. Along with differential morphing,
quadrotor modelling and control was also done. Although it is simple in structure, it has a complex structure in terms of
model and control. Newton-Euler method was used for the dynamic model. Non-linear motion equations have been
converted to linear motion equations. The full quadrotor model was drawn in the Solidworks program. Mass and moment
of inertia information was obtained from this model. Simulation model was created by using state space model approach
in Matlab / Simulink environment. Proportional integral derivative (PID) algorithm was used as the control structure.
Differential morphing and PID coefficients rates were determined with SPSA. With the optimization method, determining
the differential morphing rate, PID coefficients and applying it to the quadrotor provides a very innovative method.

Keywords: Quadrotor, SPSA, PID, Optimization, Morphing

1. Introduction

Unmanned Aerial Vehicle (UAV), which is
commonly known and used, is a quadrotor /
guadcopter that can remotely control and
automatically move on a certain flight plan. In
parallel with the rapidly developing technology, the
frequency of use is increasing day by day.
Especially its use by military purposes and security
forces is vital. Many UAV models have been
developed for better intelligence and better land

Corresponding Author: Oguz Kose

control in the field of defence. Among the UAVS,
quadrotors whose working area is larger than other
models are considered as UAVs of the future.

Quadrotors are defined as unmanned aerial
vehicles with 4 rotors and 6 degrees of freedom on
3 axes (X, Y, z). The increasing use of hardware and
accessories increases the academic and engineering
applications on quadrotors.
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Quadrotors have vertical take-off and landing
(VTOL) features. Because of these features, they do
not need a runway like planes. Quadrotor type
unmanned aerial vehicles are cheap, mechanically
less complex and safer. In addition, since such
unmanned aerial vehicles are controlled remotely
and do not carry a pilot on them, they also eliminate
the life risks of pilots. So quadrotor type unmanned
aerial vehicles are frequently preferred in
surveillance, transportation, geographic operations,
photography, hobby and military.

Multicopter systems are also defined as multi-
engine unmanned aerial vehicles. Produced with 3-
4-6-8 engines, multicopters have started to take the
first place among UAVs in the field of monitoring,
search and rescue and defence thanks to their stable
flights and features. Especially studies on quadrotor
(quadcopter) have a big place in these systems.
While there have been many studies on quadrotor
modelling and control in recent years, less studies in
the field of morphing have attracted attention. T.
Oktay and O. Kose[l] studied the quadrotor
dynamic model and its control. They used the
situation space model approach in their work. As the
controller, they used the PID algorithm. They
performed the simulations in Matlab / Simulink
environment. They carried out quadrotor altitude
control with PID algorithm. While the quadrotor
given altitude exits successfully, they ignored the
change of other system parameters. T. Oktay and O.
Kose[2] modeled the quadrotor forward flight using
PID algorithm. They performed quadrotor modeling
in Matlab / Simulink environment using the state
space model approach. During the forward flight,
the quadrotor successfully tracked the given
trajectory and the system parameters did not exhibit
excessive behaviour. A. Mulyadi and B. Siswojo[3]
discussed the quadrotor model and control design.
They made the modeling using the Laplace
transform method. Movement stability is affected
by body weight, propeller speed and wind. This face
oscillated until the quadrotor was steady state.
Ziegler-Nichols PID and fuzzy gain scheduling
were used as control algorithm. In simulations, they
found that fuzzy gain scheduling reduced the
overshoot value by 0.1%. B. Milan et. al.[4]
addressed a solution to developing classic PID
controls with the combination of PID and PD
controls and a real-time quadrotor control and
stabilization problem. An algorithm is given for the

implementation of a PID controller in a separate
form, with the possibility of turning off the integral
effect of the controller during operation and thus
reaching the PID-PD controller. Results were
obtained in computer simulations using a random
system sample controlled by a PID controller, after
which the controller was replaced with a new PID-
PD controller and the results were shown in graphs.
The second test was carried out experimentally by
testing on the quadrotor development system, which
provides data via Bluetooth communication and
enables real-time monitoring of the system response
so that the data from the real system can also be
displayed on the graph. D. A. Wallace and C.
Lum[5] took active quadrotor control with
geometric morphing. Quadrotor used the Newton-
Euler method to define the dynamic model. The
quadrotor could perform the morphing feature by
moving from the point where the arms meet the
body. When the quadrotor performed the morphing
event, there was a change in the moments of inertia
as there was a change in the structure of the rigid
body, and the author provided control of these
moments with various equations. Linear Quadratic
Control (LQR) was used as the quadrotor control
algorithm. They worked on the state space model of
the system for LQR control. Simulations have
revealed that the quadrotor arm angle is controllable
when it changes. N. Bucki and M. W. Mueller[6]
worked on a quadrotor design and control with
passive morphing. In this study, the arms fixed to
the quadrotor body were attached with the hinges,
allowing the arms to move down. The movement of
the arms downward caused a decrease of
approximately 50% in the quadrotor size. This
allowed the quadrotor to pass easily through gaps
that it could not pass. G. Barbaraci[7] discussed the
design and control of the quadrotor with its
changing geometric arms. Nonlinear mathematical
models converted the linear state and used the
quadrotor mathematical model. Quadrotor arm
obtained morphing by changing the angle of
intersection. Changing the arm intersection angles
showed that there would be changes in the moments
of inertia. Simulation results showed that changing
arm angles significantly reduced quadrotor
stabilization and vibrations. T. Oktay and O.
Kose[8]-[10] have discussed quadrotor collective
morphing. For collective morphing, longitudinal,
lateral and hover flight, which are each flight
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situation, were examined separately. Collective
morphing was performed by extending or
shortening all of the quadrotor arms at the same time
and in the same amount. They drew the quadrotor
full model and collective morphing states separately
in the Solidworks program. Since collective
morphing quadrotor moments of inertia changed,
they needed to draw each situation separately. They
used the PID algorithm as the quadrotor control
algorithm. For each flight, modelling was done in
Matlab / Simulink environment and trajectories
were successfully tracked. T. Oktay and S.
Coban[11] wused both active and passive
metamorphosis on TUAVs for longitudinal and
longitudinal flight. In their studies, TUAVs
performed the morphing process by lengthening or
shortening the wing tips. PID algorithm is used for
TUAVs control. TUAVs morphing amount and PID
coefficient values were calculated with SPSA
optimization algorithm. Using SPSA, they
improved the cost index by 46% compared to the
initial situation.

2. Quadrotor Working Principle and Modeling

Quadrotor is a type of unmanned aerial vehicles
with multi-rotor, vertical landing and take-off,
capable of moving in 3 axes, propellers connected
to its engines, creating a carrying force and flying,
and capable of flying with autonomous or remote
control. Hover or flying is done by rotating wings.
In standard helicopters, the rotation movement of
the helicopter about its axis, which is prevented by
the tail rotor, is eliminated by rotating the motors in
different directions in the quadrotors. The two of the
guadrotor's motors rotating in the same direction
and the other two in the opposite direction prevents
them from turning uncontrollably around
themselves. The rotation directions of the quadrotor
motors are shown in Figure 1.

Figure 1. Quadrotor

Quadrotor dynamics are derived from motion
equations. These equations are highly complicated.
Euler-Lagrange approach is used to create the
quadrotor dynamic model. In this approach, the
following views are valid:

* Quadrotor structure and propellers
symmetrical and rigid.

* Quadrotor's center of mass and symmetric
origin are concentric.

* Quadrotor thrust and drag are proportional to
the square of the propeller speeds.

In this study, gquadrotor motion equations are
used linearly. In this context, quadrotor longitudinal

arc

and lateral motion equations are used as
follows[12].
X=u (1)
Z=W (2)
u=-—gb (3)
f,
W=— (4)
m
T
4= )
) y
0=q (6)
Lateral dynamic model:
y=v ()
v=2gb (8)
5
r= Iz (9)
. TX
P=1 (10)
b=p (12)
g=r (12)

Input signals must be applied for quadrotor to
perform its movements in 3 axes. Quadrotor motion
input signals are defined as follows.

fo=U; =b(Qf + Q5+ 03+ Q3) (13)

1 = Uy = bI(—QF — Q3 + Q3 (14)
+ Q)

T, = Uz = bI(Qf — Q5 — 035 + Q) (15)

1, =U,=d(Q3 — Q% +0%— Q) (16)

Each control input has an effect on quadrotor
dynamics. While U1 quadrotor affects altitude, U2,
U3 and U4 order have an effect on roll, pitch and
yaw movements.

Linear motion equations are shown in the form
of the state space model. State space model is the
way in which physical systems represented by first
order differential equations are expressed in the
form of matrices with inputs and outputs. The state
space model is shown by the model below.
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x = Ax(t) + Bu(t)
y = Cx(t) + Du(t)

(17)
(18)

In this study, since longitudinal and lateral
movements are examined separately, state space
models are also discussed separately. In this case,
the longitudinal state space model:

X1 00 10 0 0 [0 0]
’2}000100[;]|8 8|f
ul_{o o 0o 0 0 —glfu
wl=lo 0 0 0 0 ofw|*|Ym IOI[T;] (19)
tal 1o o 000 ol9 o Al
lol lo 0o 001 0l [0
0000 0 0x
oooooo[z
0000 0 ofu
Y=lo 0 0 0 0 ofjw (20)
oooooolq
lo 0 0 0 o 1lt¢]
The lateral state space model is as follows.
Y] 0 1. 0 0 0 ojpy; [0 O 21
‘?{0000g0v|[10 8]| 21)
1;’:000000€+|/le [rx]
ol o055 0 allel 1o ™
0 0
L) [000100Jl‘|’Jl0 0l
0000 0 Oy
I[o 0000 O]IM (22)
00000 O
y=IoooooolH (b)
|000010|[¢J
lo o 0 0 o0 ollw

3. Quadrotor Differential Morphing System

Generally, morphing can be described as
changing the quadrotor geometry. Conventionally,
the quadrotor has two types of geometric structures,
plus-style and x-style. It is possible to do morphing
by changing the lengths of the quadrotor arms or the
angle of intersection of the arms. In this study,
morphing was done by changing the arm lengths. In
unmanned aerial vehicles, morphing is divided into
two as active and passive morphing[13]. Active
morphing is defined as minor physical changes that
are performed continuously in the quadrotor
geometry during flight, aiming to improve flight
performance. Passive morphing is defined as small
physical changes that occur once in the quadrotor
geometry prior to flight, aiming to improve flight
performance. Two types of active morphing,
collective and differential, occur in the arm length
change process. In the previous study[14] collective

morphing was discussed. Differential morphing can @

be described as the quadrotor arms not being Figure 2. (a) Initial situation (b) 37.5% Differential
extended by the same amount at the same time. morphing  (c) 62.5%  Differential
Figure 2 shows the quadrotor differential morphing morphing  (d) 87.5% Differential
states. morphing

While the mass remains constant due to varying
arm lengths, the moments of inertia around the x, y
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and z axes also change[15]. Inertia moments and
mass information of differential morphing are given
in Table 1.

Table 1. Quadrotor moments of inertia

m(kg) I, Iy I,

Fig 0.60292 0.08437 0.08482 0.02146
2.(a)

Fig 0.60292 0.08428 0.08494 0.02148
2.(b)

Fig 0.60292 0.08434 0.08514 0.02175
2.(c)

Fig 0.60292 0.08450 0.08543 0.02220
2.(d)

4. Optimization Design

The optimization algorithm is a procedure that
changes parameters that can be adjusted step by step
from the initial value to a value developed by the
objective function[16]. Various gradient based
algorithms have been implemented and developed.
However, it was not effective for problems with
many and uncertain values[17]. Therefore, gradient-
free stochastic algorithms have been the basis for
many studies in recent years.

Since there is a very complex relationship
between the objective function and optimization
variables, it is not possible to derive derivatives of
the objective function according to these parameters
analytically. This situation brings to mind the use of
certain random optimization methods. In this
article, a random optimization method called SPSA
(Simultaneous Perturbation Stochastic
Approximation) has been chosen to solve this
problem. This method has been used successfully in
similar complex optimization problems. SPSA is
also economical because calculating the gradient of
the objective function only needs to calculate it
twice. In addition, this method is also successful in
limited optimization problems.

Multivariate stochastic optimization plays an
important role in the control and analysis of many
engineering systems[18]. Since analytical solutions
are rarely available, it is necessary to use
mathematical algorithms for optimization problems
in the real world. SPSA method has been developed
for the solution of difficult multivariate
optimization problems. SPSA is used in areas such
as static parameter estimation, feedback control,
signal processing and image processing and
experimental design[19].

In this article, SPSA was used to design
quadrotor  differential morphing and PID
coefficients. SPSA is useful for getting optimum
and fast results. Getting optimum results is
important for differential morphing and quadrotor
control. SPSA is used the cost index for optimum
results. Below is the cost index.

J =Ty +Tg +0S (23)

Cost index consists of rise time, settling time and
overshoot values. Both longitudinal and lateral
flight cost indexes are divided as follows.

]long = Trtlong + Tstlong + OSlong (24)
Jiat = Trtlat + Tstlat + 0S4t (25)
The total cost index is calculated as follows.

%]totl- = ]longl- +]}Oﬂ +]lati
laty
The longitudinal and lateral flight control system
is handled together for differential morphing. In our
application, trajectory tracking of 1 degree for
longitudinal flight and pi / 2 degree for lateral flight
was applied. Cost index is considered together for
longitudinal and lateral flight. The longitudinal and
lateral flight control system is handled together to
determine optimal coefficient values. A total of 8
values are determined with SPSA. Of these, 3 PID
coefficients for longitudinal controller, 3 PID
coefficients for lateral controller, and 2 differential
morphing parameters of quadrotor. In Figure 3, cost
function values, total cost, both longitudinal and
lateral flight PID coefficient changes are given.

(26)

e i i i - . i b . .
0 1 2 3 1 5 0 7 8 9 10
lteration Index

(a)
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Figure 3. (a) Cost function (b) Total cost (c) g%
Longitudinal flight PID (d) Lateral flight »
PID 15 |
. . . . . . 10
Both longitudinal and lateral flight simulation in
s 4
atmospheric turbulence are given in Figures 4 and
. . . . 0 ‘ — - -
5. Figures 4 and 5 shows the desired trajectories for L A § 1
both longitudinal and lateral flight. In this study, (d)

since the hover flight was not considered, the related
outputs were not taken into consideration. Linear
and angular velocity simulation results did not show
catastrophic behaviours.

Figure 4. Responses of longitudinal movement

69



5(2): 64-71 (2021)

;’A Ve-1ssn:2s87-1676

! Tirmefs)
(a)
00— T T
=100
=200
5 300}
=
-400 ¢
500+
600 : L ! L ! ! !
0 3 1 5 6 7 8 9 10
Time(s)
50 T
45
40
35
30
£
© 25
s}
20
15
10
5
0 I
0 1 2 3 1 5 [ 8 9 10
Time
(©)

Figure 5. Responses of lateral movement
5. Conclusion

In this article, differential morphing is discussed
for longitudinal and lateral flight. The quadrotor
dynamics was created using the Newton-Euler
approach. Quadrotor full model and morphing
models were drawn in Solidworks program.
Simulations were made in Matlab / Simulation
environment by using state space model approach.
PID algorithm was used as control algorithm. Using
SPSA, morphing parameters and PID were
determined.

With SPSA, the total cost index was improved
by 71% compared to the quadrotor initial situation.

Total cost index was sufficient for longitudinal and
lateral flight. In the initial state, the PID coefficients
selected for P =50, I =5 and D =50 for longitudinal
flight were determined as P =10, I =1 and D = 10
after SPSA. In the initial state, the PID coefficients
selected for P =50, | =5 and D = 50 for lateral flight
were determined as P =90, | = 1 and D = 90 after
SPSA. According to simulation results (Figure 8-a
and Figure 9-a), PID coefficients did not show
catastrophic behaviour and succeeded in following
the desired trajectory. The differential morphing has
been successfully integrated into the autopilot
system and the desired results have been
successfully achieved.
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Abstract

The use of multirotor unmanned aerial vehicles (UAV), which can take-off and landing vertically, is gradually expanding.
Although there are many types of these vehicles with standard configuration, non-standard configurations may be required
for special purposes usage. So, an octocopter UAV with asymmetric configuration is proposed in this study. In particular,
this asymmetrically configured octocopter is intended to be used for imaging or mapping purposes, and may be a solution
to widen the viewing angle of the camera or any sensor placed on the vehicle, especially in the use of multiple cameras
and sensors. The mathematical model of this proposed UAV system was obtained and the trajectory tracking was
performed using PID control method. The control parameters of the controller were determined using Grey Wolf
Optimizer (GWO). Considering the propellers determined in two different sizes due to its asymmetrical structure, it has
been observed that the proposed UAV performs a satisfactory trajectory tracking.

Keywords: Asymmetric UAV, Design, PID Control, GWO Optimization, Remote Sensing

1. Introduction

Unmanned aerial vehicles (UAVS) use areas and drone in this study, which was also compared in
numbers are increasing day by day. They are terms of weight and flight range.
designed and produced for different purposes [1-4].
Hassanalian and Abdelkefi [5], conducted extensive
research on the use of drones and their uses. In the
study, they have realized a different classification of
UAYV from very large to very small size ones, which
have wings with fixed, flapping or rotary. They also
examined the design difficulties of each type of
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Especially, multirotor UAVs capable of vertical
landing and take-off have taken their place among
today's widely used vehicles. So far, a lot of studies
have been done on these vehicles. These studies are
generally related to control of vehicles with the
four-rotors, six-rotors and eight-rotors with
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standard configuration [6-8]. Apart from these,
studies have been carried out on the design of the
vehicles with some different configurations [9] or
interchangeable configurations. Niemiec et al. [10]
proposed a model with interchangeable rotor
structure between four and ten rotors. In the study,
the four-rotors model comparison in terms of power
requirement to others is better for the hover
position, but they have expressed worse results for
forward motion. Brischetto et al. [11] proposed a
multirotor UAV model that can be changed between
three and eight rotors. In addition to this, there are
also some studies including various solution
suggestions where there are internal and external
disruptive effects such as rotor faults and wind
[12,13]. Merheb et al. [14] developed an emergency
fault-tolerant controller for quadrotor suffering a
total loss of one of its rotors. It was transformed into
a different system able to be controlled using only
three rotors. According to the result, they expressed
that the trirotor able to follow a path, but with slow
variation of the yaw rate. As the popularity of UAVs
increases, it is necessary to obtain different
configurations for different usage areas [15,16] such
as remote sensing applications [17,18]. In terms of
imaging, it is used for many purposes such as
agricultural monitoring [19-21], road [22,23], film
and photographic industry and monitoring of
industrial plants etc. [24-27]. Vijayanandh at al.[28]
designed and simulated a hexacopter to surveillance
for forest areas. Zakeri at al. [29] used a quadrotor
UAV as digital imaging system for collecting
asphalt surface data on a distressed area for
interpretation of visual conditions. Strefler at al. [30]
used a four-rotor UAV to estimate surface current
fields off-the-shelf over a river. Liu et al. [31]
proposed a multirotor air vehicle system for
cyanobacterial harmful algal blooms monitoring. In
view of the studies conducted, multi-rotor
unmanned air vehicles designed for imaging
purposes are preferred because they have completed
the monitoring tasks at a lower cost and in less time.
In another study [32], remote soil moisture
measurement was made with sensors mounted on
the drone. In order for the vehicles to perform these
tasks well, the sensors to remote sensing [33] and
camera or multi camera and sensor [34,35] should
be positioned in such a way that they can receive
images at a wider angle. In these vehicles, it can be
said that the parts that narrow the view of the camera

are arms, motors and propellers. Therefore, for
better imaging, either the camera should be mounted
in a very convenient location or the mechanical
design of the air vehicle should be changed in the
classical configuration.

For these reasons, in this study, an octocopter UAV
with asymmetric configuration was designed for
remote sensing such as imaging, mapping and etc
tasks. Thus, it is aimed to show that a multirotor
UAYV can be used for special purposes with non-
standard configuration. The flight simulation was
performed the proposed octocopter. In the
simulation, PID controller was used and the
controller parameters were tuned using Gray Wolve
Optimization (GWO).

This study is structured as summarized follows.
Section 2 is about remote sensing concept,
introducing the physical properties of the UAV and
obtaining the mathematical model based on these
properties. Besides, in the section, process of
controller design and GWO are explained. Section
3 is about simulation. In this section, controller
parameters are tuned and the octocopter UAV is
simulated. Obtained results are discussed in section
4. Finally, explanations about conclusion and future
works were given in section 5.

2. Materials and Methods

In this section, the introduction of the physical
properties of the octocopter with asymmetric
configuration and obtaining the mathematical
model according to these properties are presented.
Then, the controller structure used and the algorithm
used in the optimization of controller parameters are
introduced.

2.1. Remote Sensing Concept

Figure 1. Some sensors used in UAVs for
remote sensing
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Remote sensing, refers mostly to any noncontact
sensing technique by the object space can be
observed. Generally, the remote sensing has been
used for satellite and airborne platforms, acquiring

data typically by optical and radar sensors. For
remote sensing purposes, there are sensors

Remote sensing systems for UAVs

A
Active sensing systems Passive sensing systems

o Laser altimeter e Accelerometer
e Lidar e  Hyperspectral
e Radar radiometer
¢ Ranging e Imaging

Instrument radiometer
e  Scatterometer e Sounder
e  Sounder e  Spectrometer

e  Spectroradiometer

commonly used in unmanned aerial vehicles such as
multispectral cameras, RGB cameras, thermal
infrared sensors, hyperspectral sensors and lidar.
These sensors, which have various spectral ranges,
can be of different weights [33]. Those with less
weight are more preferred in unmanned aerial
vehicles. However, in addition to the advantage that
the lower weight provides to the UAV, it causes the
limitation of the features of these sensors. Thus, the
measurements made may not be as desired. This
negative situation is partially compensated by the
advantage of using the UAV in ground conditions
that are not suitable for land operation. There are
two main types of remote sensing systems, active
and passive. In the active remote sensing system, the
energy required for detecting objects is supplied
from the sensors, while in passive systems, the
reflection of the energy provided by natural energy
sources from the objects is detected by the sensors.
Active and passive remote sensing systems are
schematized below [36].

In remote sensing systems where, multiple sensors
can be used, it may be important to find a suitable
and sufficient location for the placement of sensors
on UAVS. In Figure 1, it is seen some sensors and
UAYV image. The image is taken from [37].

2.2. Modelling of the Octocopter UAV

The mechanical design of the octocopter with
asymmetric configuration have presented in this
section. Some assumptions in the mechanical design

of the proposed UAV system in accordance with the
scenario set up in this study are given below.

+It should be able to carry the sensor group with
a total mass of 5 kg.

*It must have a different configuration than the
standard UAV configuration to create more options
for the placement of the sensors.

*The resulting non-standard configuration
should not have a physical structure that would
affect the UAV's flight mission.

I\

Figure 2. CAD model of the octocopter
with asymmetric configuration with
sensors

Based on these assumptions, the computer aided
design model (CAD) of the proposed asymmetric
UAV and the physical parameters of this model are
given in Figure 2 and Figure 3, respectively.

The solid model of the asymmetric UAV with eight
rotors, with six rotors in the upper plane and two in
the lower plane, is given in Figure 2. Thus, as seen
in Figure 3, it is obtained with a non-standard UAV
designed with wide a 135° angle.

Piteh (% ) axis

-
=

[
Lt
=

Figure 3. Physical parameters of

the octocopter
The physical parameters of the octocopter UAV
with asymmetric configuration are given in Table 1.
Using these physical parameters, the mathematical
model of the UAV is obtained.
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Table 1. Physical parameters of the octocopter

UAV

Descriptions Value
Length of arms on upper plane 660 mm
[1]
Length of arms on lower plane 450 mm
(L]
Thrust constant of couple of 0,22x10~*
rotor-propeller for 12 inches (rad/sec)?
propeller [kg4]
Thrust constant of couple of 1,04x10~* N
rotor-propeller for 18 inches (rad/sec)?
propeller [kg,]
Reverse torque constant of 0.9%10-6 Nm
couple of rotor-propeller for 12 ! (rad/sec)?
inches propeller [k,1]
Reverse torque constant of 4.05x10-6 Nm
couple of rotor-propeller for 18 ’ (rad/sec)?
inches propeller [k,;,]
Angle of the arm on the upper 22,5°
plane with pitch or roll axes
Angle of the arm on the upper 45°
plane with pitch or roll axes
Total mass of the octocopter 8 kg
UAV [m]
2.and 5. propellers diameter 18"
Maximum thrust force of 2. and 57N
5. motors [T,]
1, 3, 4, 6, 7 and 8. propellers 12"
diameter
Maximum thrust force of 1, 3, 4, 27N
6, 7 and 8. motors [T ]

Rotational movement of the rotor and propeller pair
creates forces and moments affecting the
octocopter. The effects are proportional to the
rotational velocities of rotors. The equation used to
calculate the moment and force required for UAV is

D)

U,=CQ.
Control vector is

Ug=1[T M, M, M),

(2
where, T is total maximum thrust force, which is
calculated as T = 6T, + 2T,. In this design, this
value is 256 newtons, which should be
approximately twice the payload of the UAV.

M,., M, and M,, roll, pitch and yaw moments. These
moments and thrust are generated by angular

velocities of rotors-propeller pairs. Angular
velocities vector of rotors is
Q=0 02 0 0 0 02 02 0" ?)

The relationship between these rotational velocities
with the forces and moments is established by
matrix C formed depending on the geometry of the
octocopter. For the sake simplify A; = kgqly, Ay =

keily, Az =kgply s =sin and ¢ =cos cos
abbreviations were made in the matrix is
Ky K, Ky Ky
_|-4;5(22,5) A;¢(225) A s(22,5) —A;c(22.5)
T|-4,c(22,5) A;s(225) —A,c(22,5) —A,s(22,5
kml _ka _kml _kml
4)
K, Ky Ky Ky
—A4;¢(22,5) —A,c(22,5) —A,s(45) A,s(45)
A;s(22,5) —A;s(225)  Ays(45) A,s(45) |
Ko —A;15(22,5) —kmy K1

where, ks; and kg, are thrust and k;,,; and k,, are
reverse torque constants of rotors with 12- and 18-
inches propeller, respectively. These constants are

experimentally  determined [38]. Simplified
nonlinear models of translational motion and
angular motion of the octocopter are
mx = —(T + w,)siné,
my = (T + wy)cosOsing, (5)
mz = (T +w,)cosOcosp —mg,
and
L6 = M, + w,,
Iyqﬁ = M, +wy, (6)

L =M, +w,,

respectively, where X, y, and z denote the position
of the vehicle, ¥, 6, and ¢ are the yaw, pitch, and
roll angles, respectively, I; represents the inertia
matrix in the j-axis, and g is the gravitational
acceleration. Correspondingly, w;, where i takes
values X, y, z, ¥, 6 or ¢, denotes disturbances.

2.3. Controller Design

Traditional PID control method can be applied
successfully in in the control of many systems. So,
in this study, PID control method is used to control
the UAV. An advantage of the controllers is that two
controllers can be used together to better dynamic
performance from systems. This is named cascaded
PID control.
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Two controllers are in cascade when they are
arranged so that one regulates the set point of the
other.

® 9 9 g @
Desired roll Roll angle Rate Roll
angle control control moment
Actual roll
rate
Actual roll
angle
@ P
Desired pitch Pirch angle Pitch rate Pitch
angle control control  moment
Actual pitch
rate
Actual pitch
angle
Q) Py )
Desired Altitude Altitude rate Thrust
altitude control control
Actual altitude
rate
Actual altitude

Figure 4. Cascade PID control diagram of

roll, pitch and altitude
As seen in Figure 4, one controller acts as outer loop
controller, which controls such as angle and level.
The other controller acts as inner loop controller,
which accepts the output of outer loop controller as
input. In this study, proportional and derivative
control is used as a PID controller. The control
signal used for three variables to be controlled is

Uthrust (t)
uroll(t) =
upitch(t)
kP,thrust(Zd - Za) - kD,thrust (Zd - Za) (7)
kP,roll(ed - ea) - kD,roll(éd. - éa) )
kP,pitch((rbd - (rl)a) - kD,pitch(¢d - ¢a)

where, u;(t) is control signal, Z;, 6; and ¢, are
desired and Z,,6, and ¢, actual position of
altitude, roll and pitch, respectively. Similarly,
Z4, 04 and ¢ are desired and Z,, 8, and ¢, actual
speed of altitude, roll and pitch, respectively. kp ; is
proportional and kp,; is derivative constant which
are optimized controller parameters as seen in Table
2. Thus, the cascade PID controller can control both
position and velocities of the octocopter.

2.4. Controller Parameters Optimization

Although the PID control method is a good method,
if the control parameters are not determined

correctly, the desired performance cannot be
obtained. Thus, the controller parameters need to be
tuned. There are many methods for determining PID
control parameters [39-42]. The mathematical
equation of the control structure used in this study
is given in equation 7. So, the proportional and
derivative gains of the controller are optimized as
described below. Objective function formulation is
crucial in optimization. Because the function is
main parameter to measure the performance of the
optimization technique. An optimization procedure
is adopted to adjust the controller gains in the time
domain. So, defined objective function is

Jep = min¥(a (t; = t)* + b 0Z), (8)
on the time domain characteristics, where the
constants denoted by a and b define the weight of
the relevant parameters. tg and t; are the settling
time and the desired settling time. O,, is defined as
the Maximum Overshoot. By defined the objective
function, without an overshoot a fast-settling time is
aimed.

GWO, one of the meta-heuristic search algorithms,
has been used to determine controller parameters in
this study. The GWO is a bio inspired heuristic
algorithm inspired from both the social hierarchy
and hunting behavior of wolves. It has recently been
proposed by [42,43]. In this algorithm, the search
starts with population of randomly generated
wolves which represent the solutions. During
hunting optimization process, these wolves estimate
the prey’s location, which is optimum, through an
iterative procedure.

2.5.Controller Parameters Tuning Process

In order to obtain the time domain response
characteristics required to evaluate the objective
function described in equation 7, the closed loop
system is simulated in the Simulink environment
using possible solutions determined by the GWO
algorithm running in the Matlab [44,45]. In the
simulation study, a step reference input is used to
obtain system response. Weights a and b in the
defined objective function are set to 10 and 0.5,
respectively.
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As optimization parameters, agent number, iteration
number, lower bound and upper bound values are
30, 50, 0 and 100, respectively. Optimization is
performed 10 times separately using the
optimization parameters. Each optimization process
is continued up to 50 iterations or until a solution
reaching the Jpp< 0.01 condition.

Table 2. PID controller gains

Roll Pitch Altitude
States ke ky ke ky ke Ky
Tuned 39,58 43,54 17,80 28,26 94,51 29,75
parameters
3. Results

In order to test the usability of the designed
asymmetric octocopter system, simulations for both
helical and linear trajectories were performed. For
the trajectory tracking performance analysis of the
octocopter, three-dimensional graphics were
obtained as seen in Figures 5 and 6. Besides, graphs
of thrust generated by each motor-propeller pair,
roll, pitch and yaw moments as seen in Figures 7-9.

3.1. Simulations of the Octocopter UAV System
The obtained tuned controller parameters are

applied to the octocopter model created with Matlab
Simulink.  Both helical and linear trajectories
determined are applied to the system as the desired
input in the same simulation. During the simulation,
the response of the octocopter system is fed back to
the controller. The moments and force generated by
the controller and physical parameters of octocopter
are used to calculate the speed of the rotors (inverse
kinematic). The voltage required to achieve these
speeds is applied to the motors. Then, actual motor
speeds are used to calculate the torque and force
values that must be applied to the octocopter
(forward kinematic).

The simulation was performed using both a helical
and a linear trajectory for 80 seconds. During the
first 40 seconds, the UAV rose and tracked the
helical trajectory. For the next 40 seconds, it
descends and follows a linear trajectory and lands
on the ground. The three-dimensional graph of the
trajectory tracking is given in the Figure 5.

—Actual
—Desired

Y (m) X (m)

Figure 5. 3D trajectory tracking graph in
two different views

Similarly, the trajectory tracking graph of each axis

is given in the Figure 6.
—Desired —Desired
—Aim 5 Iﬂ

15 —Desired
—Actual

0 50 0 50 0 50
Time (s) Time (s) Time (s)

Figure 6. Trajectory tracking graph
for three axes

During the simulation, thrust change produced by
two motors using 18-inch and six motors using 12-
inch propellers are shown in the Figure 7 and 8,
respectively. The maximum thrust force that the 2nd
and 5th motors can produce with 18-inch propeller
is given in Table 1 as 57 newtons. It can be seen in
Figure 8 that these forces are approximately 42
newtons for these two motors, tracking both linear
and helical trajectory. This value corresponds to
approximately 80% of the thrust that motors can
generate.

77



"M I/e-ISSN:2587-1676

5 (2): 72-81 (2021)

©

—_ T T T T T —m
=z
=6 | | ! ! 1 _|
3
£ 4+ | | L L | .
=
2 I | | | | | I

0 10 20 30 40 50 60 70 80
28 T T T T T T T —Mm3]
%6 «”}‘ -
c4r
=
a2 I | | I | | I

0 10 20 30 40 50 60 70 80
AS T T T T T T T —wal
z
6 | I L ! 1 1 .
3 l l
£4
= 2 I | | | | I

0 10 20 30 40 50 60 70 80
28 T T T T T T T M6
7 6 | L | ]
Z4 ﬁ)‘h————)—.—v———-———-
=
=2 I | | | | I

0 10 20 30 40 50 60 70 80
__.8 T T T T T T T
Z
~6 L.....ﬁk&———_——-—,—‘—
s
E 4t | | l | | i
= 2 I 1 1 I 1 1 I [—M7]

0 10 20 30 40 50 60 70 80
g& T T T T T T T
i 6 F
24l | | | | i
|-E 2 I 1 | | | I [—MB8|

Il
40
Time (s)

o

30 50 70

Figure 7. Thrust generation graphs of motors
with 12-inches propeller

Similarly, it can be seen in Figure 8 that other
motors use a maximum of about 30% of the thrust
that they can generate with a 12-inch propeller for
this trajectory. It is seen that both of these maximum
values occur at the transition of the UAV from the
helical to the linear trajectory.
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Figure 8. Thrust generation graphs of motors
with 18-inches propellers

As seen in Figure 9, in the helical trajectory
tracking, the forces acting on the drone body have a
similar form to this trajectory, while the forms of
these forces and moments are different because
there are sharp turns in the linear trajectory.

Force (N)
h o«
T

Force (N)
=

Force (N)
L o

o

Helical trajectory

Linear trajectory

<

)
st

&Socoo

CrTTET

i
k ] | L -]
40 50 60 70 80
Time (s)

Figure 9. Net forces acting on the octocopter body
in three axes.

Where, F, F,, and F,, are forces affected the
octocopter body in X, y and z axis, respectively. The
changes during the simulation of the net forces
acting on the body of the UAV that cause the
translational motion of the UAV in three axes are
given in Figure 9. These values are directly related
to the translational wvelocity and acceleration
determined for the UAV.

4, Discussion

Eight-rotor UAV with asymmetric configuration
was designed and controlled to use remote sensing
applications. PID control method was used in this
study. Optimization of control parameters was
carried out using GWO. With the tuned parameters
obtained, it can be said that the designed octocopter
UAYV has a satisfactory performance in trajectory
tracking. According to the graphical results
obtained, the performance of the drone in following
the determined trajectory is quite satisfactory. The
maximum thrust that the 2nd and 5th rotors can
produce with an 18-inch propeller is 57 newtons,
and for the 12-inch propeller of other rotors, this
value is 27 newtons. In this simulation study, it can
be said that the proposed this asymmetrical UAV
model can be used for the purpose determined in
this study, since the utilization rate of these thrust
forces is 80% and 30%, respectively. To the best of
the authors' knowledge, the results obtained in this
study could not be compared with other studies,
since there is no study on an asymmetrical UAV in
the literature.
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5. Conclusion and Future Works

Although this proposed octocopter UAV system

can perform its task under normal conditions, it can
be said that flight performance in more aggressive
movements and situations with high external and
internal disturbance will not be better than the
symmetrical octocopter UAV system. In addition, if
the appropriate motors and propellers are selected,
a UAV model with a higher payload can be created.
In future works, this proposed UAV system may be
experimentally performed and controlled with a
more robust and adaptive controller.

Ethical Approval
Not applicable
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Abstract

In this study, a numerical analysis was performed to find the aerothermal characteristics of the effusion cooled gas turbine
combustor liner. The analyzed geometric model is a scale model of an actual combustor liner. The study aims to
investigate the effect of different blowing ratios by validating an experimental test setup. In experimental studies on
effusion cooling, the sidewall effect is a serious problem that can distort the results. Numerical analyses provide
advantages in visualizing temperature and velocity contours in different sections of physical model. The counter rotating
vortex pairs, the horseshoe vortex and the recirculation zone are the main flow features of the jet mixture. At a blowing
ratio of 3.35, numerical analyzes gave the highest value of cooling effectiveness. Although the blowing ratio slightly
changes the cooling effectiveness in experimental data, it has been found that the effect of blowing ratio is more
pronounced on the numerical results, especially at high blowing ratios.

Keywords: Effusion Cooling, Gas Turbine Combustor Liner, Blowing Ratio, Heat Transfer, Computational Fluid Dynamics.

1. Introduction

Film and effusion cooling are used to maintain
the turbine blade and combustor liner temperature
distribution of a jet engine. Relatively large and
annular slots are used in film cooling, while many
small-diameter holes are drilled on the plate for
effusion cooling. In general, the factors affecting
film cooling are the cooling and mainstream flow
conditions, cooling hole geometry and other factors
[1]. The cooling and mainstream flow conditions are
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the blowing ratio, density ratio, momentum flux
ratio, turbulence level and approach boundary layer
thickness. The cooling hole geometry are the shape
of the hole, injection angle, effect of composition
angle, hole pitch, hole span, streamwise length /
hole diameter (L/D), the number of hole arrays and
total number of holes (porosity). The other factors
include hole Reynolds numbers, surface curvature,
surface roughness etc. Mcghee [2] worked on an
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effusion cooling plate with an inclination of 30 and
90 degrees, with a distance of-L/D 6 in the direction
of flow to the hole diameter, with a Reynolds
number of holes of 8200, with a blowing ratio of
0.85-1.2, with a density ratio of 0.8, with a coolant
temperature of 305 K and a main current
temperature of 380 K. In that study, temperature
measurements were made by infrared thermography
and thermocouples. Gustafsson [3] studied on an
effusion plate with 15, 20 and 30-degree inclined
cooling holes, a L/D of 8, a hole Reynolds Number
of 3900-5800, a blowing ratio of 14, a density ratio
of 2, a coolant temperature of 298 K and mainstream
temperature of 523 K. That study reported that the
turbulence levels increased by around 25% at the
exit of the jet near the wall and that the lateral
velocity ratios increased when the Reynolds stresses
increased. Grierson [4] made measurements by
infrared thermography on a plate with 18 and 25-
degrees inclined cooling holes, a L/D of 8.6, a
blowing ratio of 0.5-4, a density ratio of 1.2, a
coolant temperature of 300 K and a mainstream
temperature of 360 K. It has been found that an
increase in the hole diameter increases the
efficiency, but an increase in the hole diameter
reduces the cooling efficiency as the cooling jet
velocity decreases and accordingly the mainstream
mixing ratio decreases. Scrittore [5] studied on a
plate with cooling holes inclined by 30-degree, a
L/D of 8.9, a Reynolds Number of 8600, blowing
ratio of 3.2-5, a density ratio of 1, a coolant
temperature of 300 K and a mainstream temperature
of 330 K. Axial (x/D) and lateral (z/D) velocity
profile flow characteristics were extracted from
velocity measurements by Laser Doppler
Velocimetry (LDV). Zhong [6] performed a
numerical analysis on a ceramic plate with 23 and
90-degree inclined effusion cooling holes, a L/D of
8.6, a blowing ratios of 0.2-1, a density ratio of 1, a
coolant temperature of 160 K and a mainstream
temperature of 320 K. Arcangeli et al. [7] studied on
a plate with 30 and 90-degree inclined effusion
cooling holes, a L/D of 10-43, a hole Reynolds
Number of 6000, a blowing ratio of 0.3, a density
ratio of 1, a coolant temperature of 300 K and a
mainstream temperature of 325 K. That study is
aimed to investigate how does L/D affect the
cooling efficiency, keeping other factors constant.
Cho et al. [8] conducted a study on a plate with 90-
degree inclined cooling holes, a density ratio of 1.5,

a Reynolds Number of 3200-14000, a coolant
temperature of 300 K and a mainstream temperature
of 350 K. The heat transfer coefficients were
investigated in terms of staggered, shifted, and
inline arrays and it was suggested that the staggered
arrays outweighed the others. Facchini et al. [9]
worked on effusion plate with cooling holes
inclined at 17 degrees, a L/D of 16, a hole Reynolds
Number of 1200-20000, a blowing ratio of 5, 7 and
9, density ratio of 1, a coolant temperature of 306 K
and a mainstream temperature of 322 K. It was
found in the study that the elliptical holes give better
adiabatic cooling efficiency values than cylindrical
holes in all cases except for low Reynolds Numbers.
Adreini et al. [10] numerically studied on a model
plate with 30 degrees inclined effusion cooling
holes, a L/D of 5.5, a density ratio of 1, a coolant
temperature of 500 K and a mainstream temperature
of 1200 K. Ligrani et al. [11] carried out a study on
an effusion plate with 20-degree inclined effusion
cooling holes, a L/D of 8.35, a blowing ratio of 2-5-
10, a density ratio of 1.15-1.25, a coolant
temperature of 300 K and a mainstream temperature
of 380 K. In that study, the cooling efficiency values
were calculated for the area/mainstream area. Wurm
et al. [12] studied on an effusion plate with 30 and
45-degrees inclined holes, Reynolds Number of
holes for values between 1400 and 6600. It has been
concluded that 30-degree inclined holes without
swirl effect provide better cooling efficiency than
45-degree holes, but 45-degree inclined holes with
swirl effect provide better cooling efficiency.
Andrei et al. [13] numerically investigated an
effusion plate with 30 and 45-degree inclined
cooling holes, a L/D of 6, a blowing ratio of 1-3, a
density ratio of 1-1.5, a coolant temperature of 290
K and a mainstream temperature of 330 K. It has
been reported that the film plate protection in the
first series provides better protection due to the jet
take-off effect at low blowing ratios, while due to
superposition effect in the continuing series (14th
array) protection drops to a degree that will almost
disappear at high blowing ratios. Andreini et al. [14]
studied on an effusion plate with 30-degree inclined
effusion cooling holes, a L/D of 6, a blowing ratio
of 0.5-5, a density ratio of 1-1.5, a mainstream
turbulence level of 1.5%-17%, the coolant
temperature of 290 K and a mainstream temperature
of 330 K. It was concluded in that study that the film
protection against high turbulence levels increased
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along the lateral axis and the L/D value was an
effective parameter in effusion cooling. Da Soghe et
al. [15] worked on an effusion plate with 30-degree
inclined cooling hole, a L/D of 6, a hole Reynolds
Number of 8600, density ratio of 1, a mainstream
turbulence level of 16%-32%, a coolant temperature
of 300 K and a mainstream temperature of 1000 K.
In that study, it was aimed to find an empirical
relationship between cooling holes and heat transfer
increase over Reynolds Number, effusion porosity
coefficient and pressure ratio. Oguntade [16] found
that the hole sequence number flow vectors develop
in a certain sequence, then becomes uniform after a
certain sequence, and under the influence of
boundary layer superposition in the forward axial
direction. The study reported that the total hole
area/plate area (porosity) ratio is also an important
parameter in effusion cooling. Hasan and
Puthukkudi [17] claimed that the two zones
configuration provides very similar cooling
efficiency compared to continuous hole arrays and
significantly reducing cold air consumption.
Jingzhou et al. [18] worked on an effusion plate with
a spacing of 3.0, 4.0, and 5.0 by a blowing ratio of
0.5-1.5. The study reported that wall cooling
efficiency rises as the center-to-center spacing of
neighbor holes gets smaller or the blowing ratios
rises. Walton and Yang [19] argued that in the
isothermal case, the Reynolds Stress Transport
model can reasonably well predict the penetration,
injection, downstream disruption, and lateral
interactions of jets. Murray et al. [20]
experimentally investigated flat effusion plate
effectiveness with two holes spacings 3.0D and
5.75D by pressure sensitive paint technique. The
main finding of the study was that the superposition
method provided good results in larger pitches,
while a high level of jet mixing reduced the
performance of the method in smaller pitches. In
addition, some studies have been conducted in the
literature on the combined effect of slot, effusion,
and dilution holes. Ceccherini et al. [21] took the
study of Scrittore [5] a step further, by studying the
effects of slot, effusion, and dilution together. The
study has been reported that the adiabatic efficiency
coefficient reaches its maximum value after the 14th
array (the array with the dilution hole) in the 29-
array plate. Tarchi et al. [22] conducted a net heat
flux drop (NHFR) based cooling study by
Thermochromic Liquid Crystals (TLC) technique,

which together considered the effects of slot,
effusion, and dilution. Inanli et al. [23]
experimentally examined 2 effusion plates with
hole angles of 30° and 75° with horizontal at 3
different blowing ratios. The analyzes performed in
the current study were carried out by visualizing the
temperature and velocity contours in different
sections of the physical model. Study contributes to
the literature by calculating the effects of blowing
speeds on cooling efficiency by numerically
validating the experimental study of Inanli et al.
[23].

2. Material and Method

In this study, ANSYS 19.0 Fluent package was
used for numerical solution and CFD-Post package
was used for visualization of analysis results.
Computed aided design (CAD) model was created
by scale of a real combustor liner. The continuity
equation, conservation momentum, and energy are
the main governing equations in computational
fluid dynamics. Continuity, momentum in the x-
direction, and energy equations are given in Eg.1-
Eq.3.

Dp _
E + pV V= (l)
a XX aT X a zZX
P2 = gy + 254 B 2 @
DT =
pc,,EzV-kVT—pV-V+u<D (3)
The blowing ratio (BR) is an important

parameter that affects the heat transfer coefficients
and effusion cooling efficiency. BR given in Eq. 4
is found by multiplying the ratio of the coolant
density by the coolant velocity and the mainstream
density multiplied by mainstream velocity.

Ucpe
UsPoo

BR = @

The calculation of the whole film cooling
efficiency (n) is given in Eq. 5. Since the wall
temperature is directly measured at the whole film
cooling efficiency ratio, the whole film cooling
efficiency ratio is preferable than the adiabatic
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efficiency ratio, where the temperature is calculated
from the adiabatic wall assumption.

T )

Too—T,

The periodicity of the flow, which is ensured by
placing enough holes in a row for the reliability and
accuracy of measurements. The geometric features
of effusion plate are given In Table 1.

Table 1. Geometric features of effusion plate

o 30 deg
t 10
d 2.25
t/d 4.44
Ss 11
Sp 11
Sy/d 4.9
Sp/d 4.9
Hole configuration Staggered
s,/d=4.9
D
S -
Sp/d= 4.9 o
© d=2.25 mm S
(= S
® o
o (=

The coolant and mainstream parameters with
blowing ratios are given in Table 2. The mainstream
temperatures are set to 338 K and the coolant
temperature are adjusted to 298 K for all cases. The
mainstream velocity is kept constant at 3.7 m/s for
all three cases, while the coolant air velocity as
taken as 7.5, 11.0 and 13.0 m/s.

Table 2. Coolant and mainstream features with
blowing ratios

230 338 298 1.043 1184 3.7

335 338 298 1.043 1184 3.7 110

400 338 298 1.043 1184 37 130

Fig. 1 (a) shows the CAD model and the named
selections used for boundary conditions. Mass flow
inlet boundary condition was chosen for both hot
mainstream and cooling plenum. A no-slip-
condition was chosen for all walls and a symmetry
boundary condition has been defined for side walls.
The grid dependency process was carried out for
BR=2.3 experimental study case of Inanli et al. [23].
Coarse (node number, 600X600), medium (node
number, 900X900), and fine (node number,
1200X1200) mesh sizes were applied to the CAD
models. Considering the average values of the
normalized heat transfer, the fine grid gave more
consistent results with a 0.5% margin of error than
the other grids. Therefore, approximately 1.5
million node numbers were applied to all physical
models. The near-wall mesh consideration-y+ the
first cell next to a wall was kept under 3. Fig. 1 (b)
shows that the near wall treatment adjacent to the
cooling holes and plate surface.

(b)

Boundary conditions and the

Figure 1.
generated mesh.
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The thermophysical property data entry of the
plexiglass used as the material in the experimental
study was carried out in the Ansys Fluent. Since the
thermal conductivity of plexiglass is low, it is
suitable for use in jet mixture studies. The Reynolds
Stress Transport model, which has proven its
success in numerical analyses performed in the
literature, has been selected for use in turbulence
modeling. Second order schemes were utilized for
analysis. SIMPLE algorithm, widely studied in the
literature, was utilized for pressure-velocity
coupling analyzes [24]. The convergence standard
for dependent variables is taken as 107,

3. Results

The sidewall effect is a serious problem in
experimental studies of effusion cooling, which will
seriously affect the results. Comparing the
experimental results with numerical studies has the
potential to provide a solution for understanding the
sidewall effect. In this paper, a numerical study was
performed on the effusion cooling plate for the cases
of 3 different blowing ratios, i.e., BR of 2.3, 3.35,
and 4.0. The surface temperature contours of the
effusion plate for different blowing ratio are shown
in Fig. 2. As can be seen from the temperature
contours, there was a small difference between the
contours of blowing ratio of 3.35 and 4.0, while
BR=2.3 case performed worse.

- - - - - - - - -
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- = - - - - - - -
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'
'
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314
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320
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Figure 2. Surface temperature contours of the
effusion plate for different blowing ratio

In order to understand the aerothermal properties
of the effusion cooling plate, a symmetry plane was
defined. The results of the temperature contour
distribution in plane of symmetry are given in Fig.
3. At the blowing ratio of 3.35 and 4.00; it is clearly

seen that the 30-degrees inclined jets form a
potential film core between two effusion holes.

ﬁ

BR=2.30
BR=3.35
BR=4.0

2 8 §8 58 -Te oo N 2y 2 2 8
2 888 8:css5s:8883 823 8 3
& 8 B 83 s s ssddddAdEE88 8
Temporature (]

Figure 3. Temperature contours on plane of
symmetry for different blowing ratio

Due to the jet crossflow effect, counter-rotating
kidney vortices were formed to the right and left of
the jets. Horseshoe vortices were observed in the
lower region due to the crossflow structure. due to
the crossflow structure, a recirculation bubble
formed in the area following the jet holes Fig. 4(a)
shows the velocity contours and flow properties on
the orifice. In the plane taken from the mid-section
of the effusion plate, jets emerging from the
staggered array holes are seen in Fig. 4(b). At the
orifice, the uniform velocity vectors are seen in the
plenum, while in the cross flow. counter-rotating
vortex pairs (CRVP) are seen in the jet mixture.
CRVPs are normally created when the cooling hole
jet run across through the mainstream; however, in
the staggered array, recirculation zones are created
due to interaction with neighboring jets.

Fig. 5 shows a comparison of the laterally
averaged cooling effectiveness values at different
blowing ratios calculated for the L/D ratio of
between 40-140 in the streamwise direction. At a
blowing ratio 3.35, the CFD gave the highest value
of cooling effectiveness.
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Recirculation Zone

Mainstream

Fr O

Horseshoe Vortex

O

Jetstream

(b)
Figure 4. (a) Velocity contours on the hole
surface including horseshoe vortex and

recirculation zone (b) Counter Rotating Vortex
Pairs (CRVP) in the upstream regions of jet

There was a more pronounced cooling
effectiveness between the blowing ratio of 2.3 case
and other cases. Further interaction between the
mainstream flow and effusion plate surface causes a
drop in the cooling effectiveness, this is the reason
why 3.35 blowing ratio outperforms the 4.00.

== BR=2.30 e====BR=3.35 BR=4.00
0,90
2070
c
2
3
=
w
£
§ 0,50 |
Q
( 40 60 80 100 120 140
Streamwise Distance/Hole Diameter
Figure 5. Laterally averaged cooling

effectiveness values for different blowing ratios
according to L/D ratio of between 40-140

Fig. 6 shows a comparison of experimental data
with the numerical results on the average cooling
efficiency. As research finding, although the
blowing rate changes the average cooling efficiency
very little in the experimental study, the effect of the
blowing rate on the effusion cooling efficiency
becomes more obvious, especially at high blowing
ratios.

& CFD BEXP

0,69 N
0,68 g8
0,67
0,66
0,65
0,64
0,63
0,62 | | N
0,61

0,6

lveness

Cooling Effect

Blowing Ratio

Figure 6. Comparison of numerical results
(CFD) with experimental data (EXP) in terms of
laterally averaged cooling effectiveness

4, Conclusion

In this study a numerical study was carried out
on validation of an experimental case for 3 different
2.3, 3.35, 4.0-blowing ratios and to find out the
aerothermal characteristics of effusion cooled gas
turbine combustor liner.

Numerical studies provide a validation method for
parameters that will affect results such as
measurement errors and side wall effects in
experimental studies. Numerical analyses provide
advantages in observing the effects of flow on
temperature in terms of providing both surface
temperature  contours and visualization of
temperature contours on the axis of symmetry. In
particular, the distribution of temperature contours
effusion holes on the axis of symmetry gives the
characteristic of the flow in the jet mixture region.
In the experimental study, the highest cooling
efficiency value was obtained at the ratio of 4.0
blowing, while the highest cooling efficiency value
was obtained at the ratio of 3.35 blowing in
numerical analyses. Further interaction between the
mainstream flow and the effusion plate surface can
lead to a decrease in cooling efficiency, which can
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be explained as the possible reason that the blowing
ratio of 3.35 outperforms that of 4.00. In
experimental data, it was found that the blowing rate
changes the cooling efficiency less. In numerical
analyses, the effect of the blowing ratio gave a more
significant change in cooling efficiency coefficient,
especially at high blowing rates. When the ratio of
streamwise distance/hole diameter (L/D ratio)
increases, the laterally averaged cooling
effectiveness values increase. In experimental data,
the cooling effect value was about 0.62 at high
blowing rates, while in numerical analyses this
value was 0.68.

Nomenclature

t  [mm] Plate thickness

D [mm] Hole diameter

L [mm]  Streamwise distance
S [mm] Inter-hole distance
T [K] Temperature

U [mfs] Velocity

Greek Symbols

a [°] Effusion hole angle
n [ Cooling effectiveness
p [kg/m®] Density

Subscripts

o [-] Mainstream

c [ Coolant

foo[] Film

p [ Span

s [ Pitch

w o [-] Wall

Ethical Approval
Not applicable
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Abstract

In this study, the feasibility of a new launcher concept that provides range extension for outdated ballistic munitions by
speeding up them before their ignition is examined in detail. To analyze the efficiency of the new concept, multi-variable
and single-variable optimization processes are conducted using the Multi-Objective Genetic Algorithm Method in the
ModeFrontier environment. Launch angle, ejection velocity of the munition from the launcher, and ignition delay of the
rocket motor after the ejection process are determined as design variables. An in-house MATLAB script is prepared and
validated to perform numerical solutions of the munition’s two-dimensional trajectory. As a result of the optimization
processes, graphical results are prepared to examine the effects of each design variable on munition’s range and to make
a comparison between the flight trajectories of the munitions which are launched from classical and accelerator launchers.
Itis concluded that usage of the accelerator launcher concept provides approximately 20% range extension for the generic
munition examined in this research when compared to the classical launcher. Since this new concept can easily be adapted
to different types of outdated ballistic munitions and the cost of the accelerator launcher development process will
probably less than the cost required to develop new munitions, it will be reasonable to develop accelerator launchers such
as electromagnetic accelerators or catapult launchers in near future.

Keywords: Range Optimization, Accelerator Launcher Concept, 2-D Trajectory Solver, ModeFrontier

1. Introduction

Today, advanced military systems such as has crucial importance since long-range systems
fighters, unmanned aerial vehicles, and provide an opportunity to attack under less amount
rockets/missiles have been developed by many of risk when compared with short-range systems.
countries to ensure their security. Such systems are Therefore, different improvement and optimization
used for both defensive and offensive purposes. studies on range improvement have been conducted
During military operations, the range of a munition so far. While some studies focused on trajectory
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optimization, some of them focused on
aerodynamic shape optimization and propulsion
system concept optimization.

Yang et al. optimized the range of a canard-
controlled missile by optimizing its aerodynamic
shape benefiting from the genetic algorithm method
[1]. Tanrikulu and Ercan offered an optimal external
configuration design method to optimize the range,
stability, and warhead performance of missiles [2].
Li et al. performed a multiphase trajectory
optimization process to optimize the downrange of
a boost-glide missile [3]. Dilan, preferred the
Genetic Algorithm Method in order to optimize
trajectory optimization of a tactical missile [4].
Vasile et al. conducted an aerodynamic design
optimization of control surfaces for a long-range
projectile using the particle swarm optimization
method [5]. Pue et al. performed a multidisciplinary
concept optimization of a ballistic missile [6].
Sumnu et al. used the Multi-objective Genetic
Algorithm to optimize the aerodynamic shape of a
missile in order to determine the optimum lift and
drag coefficients [7].

Technological improvements in defense systems
push designers to improve the capability of the
munitions in use since the improvement of already
developed systems is generally much cheaper than
the development of new munitions. For example, it
is possible to improve the hitting accuracy of the air
to ground classical munitions by modifying them
with laser-guided Kits such technology has been
used to modify the classical MK-82 bombs in
Turkey. Similarly, with the technological
improvements, it will be possible to extend the
range of outdated ballistic munitions with the
assistance of special launcher concepts such as
catapult systems or electromagnetic launchers in
near future. Those launchers will provide an initial
gjection velocity to the munitions during launch to
further extend their range. For instance, it will be
possible to provide a range extension for classical
ballistic munitions such as TR-107 or TR-122
rockets which are widely used by the Turkish Army.

In literature, different studies on electromagnetic
guns have been conducted so far. The majority of
them focus on the development or optimization of a
coilgun concept to accelerate a bullet or a projectile
using electromagnetic rails [8-10]. Some studies
focus on the aerodynamic analysis of hypersonic
projectile geometries launched from

electromagnetic launchers [11]. Neither of the
studies in literature aims to extend the range of the
classical ballistic munitions benefiting from
electromagnetic launchers. This research will be the
first one that analyzes the feasibility of accelerator
concept on range maximization of ballistic
munitions. To analyze the feasibility of this new
concept, multivariable and single variable
optimization processes are conducted.

During the range improvement, it is quite
significant to determine the sensitivity of launch
parameters on munition’s range. After the munition
is ejected from the launcher, it will be ignited in a
very short time. Therefore, besides the launch angle
(8), two more parameters those are ejection velocity
of the munition from the launcher (Vo) and ignition
delay after the ejection from the launcher (tsre) will
gain importance during the development of new
generation launcher systems and during the range
optimization of the munitions.

Within the content of this work, range
optimization of a generic ballistic munition that is
ejected from an accelerator launcher is performed.
Launch angle (6), ejection velocity of the munition
from the launcher (Vo), and ignition delay after the
ejection from the launcher (tsire) are selected as
design variables (optimization parameters) to
maximize the munition’s range. Results of the
multivariable optimization process are used to make
a comparison between the results of the classical
munition launch process. Additionally, independent
single variable optimization processes are
conducted and graphical results are prepared in
order to examine the effects of each design variable
on munition’s optimum range. Numerical solution
of the problem is performed using an in-house
MATLAB script. Optimization processes are
prepared and conducted in ModeFrontier software.

2. Methodology

This part aims to summarize the basic
mathematical model to solve the 2-D trajectory
motion of the ignited generic munition just after it
is ejected from the accelerator launcher. The
solution of the trajectory can be divided into three
different phases:

* Phase 1: Coasting (Before Ignition)

* Phase 2: Powered Flight

* Phase 3: Coasting (After Burnout)
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In the first phase, the munition is ejected from
the launcher with an initial Vo velocity and it
performs short coasting until the munition’s solid
rocket motor is ignited. With the ignition of the solid
rocket motor, the second phase of the flight
(powered flight) is started and this phase ends up
whenever the solid rocket motor burns out. Then, a
second coasting phase which corresponds to “Phase
3” starts and lasts until the munition hits the ground.
All of the flight phases are illustrated in Figure 1.

\‘Phase -3
42
Phase - 2

W\l Phase - 1
Q

S S ST ST

Figure 1. Flight phases of the munition ejected
from accelerator launcher concept

The two-dimensional, flight trajectory of the
Munition can be calculated by applying Newton’s
second law to each of the flight phases for both of
the x and y directions. Throughout the solutions, it
is assumed that the aerodynamic lift force generated
by the munition is negligible.

2.1.Phase-1: Costing Before Ignition

During Phase-1, since the munition is not
ignited, the mass of the system is constant and equal
to the total mass of the munition. There is not any
thrust or lift force, but gravitational and
aerodynamic drag forces are present as shown in
Figure 2. Using Figure 2 and applying Newton’s
Second Law in x and y directions, Equations 1 and
2 can be written sequentially.

Yy

mg

Figure 2. Free body diagram of munition for
Phase-1 and Phase-3

1)
)

—Fp cos(6) = mi

—mg — Fp sin(8) = my

where 6 represents the launch angle, g corresponds
to gravitational acceleration, m represents the
instant mass of the munition, and Fp corresponds to
the instant drag force. x and y symbolize
accelerations corresponding to x and y axes.

The drag force depends on the velocity of the
munition (v), the density of air (par), drag
coefficient (Cp), and reference area (Ay) of the
munition. It can be calculated using Equation 3.

UZ

Fp = CDAfpair7

Since the altitude of the munition is variable with
time, the density of the air is also variable. Using the
altitude information, the density of the air is
calculated with Equation 4.

@)

Pair 4)

where po defines sea-level density of the air (1.225
kg/m3), h and hscae correspond to the altitude and
density scale height (7500 m) sequentially.

The drag coefficient is another variable in
Equation 3. It varies with the velocity of the
munition and it depends on the shape of the
munition. In some studies, the drag coefficient is
assumed as constant; but, within the content of this
work it is taken as variable, and variation of the drag
coefficient with Mach number is illustrated in
Figure 3.

_h/
= po_ e hscate

0.6
S05 .
504
=03
g
02
%D
5 0.1

0
0 1 2 3 4 5 6 7

Mach

Figure 3. Variation of drag coefficient with Mach

Similar to the air density, gravitational
acceleration also varies with altitude. Using the
altitude information, it can be calculated as in

Equation 5.
Jo
9=
1+ (g )7 ()
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where go defines gravitational constant at sea level
(9.8066 m/s?), Re represents the radius of the Earth
(6378 km), and h is the altitude.

The munition velocity (v) can be calculated
using Equation 6.

v=, %2+ y2 (6)
where x and y define velocities in x and y

directions. They can also be stated in Equations 7
and 8.

x = vcos(h) @)
y = vsin(0) (8)
Thus, Equations 9 and 10 can be derived.
@=2= 2 9
cos(f) = - = ———
T Ty ©)
sin(8) = Y = 4 (10)

v /xZ + 3‘/2
Finally, using Equations 1, 2, 3, 9, and 10;
Equations 11, 12, 13, and 14 can be derived.

X = —Mcos(e) (11)
2m

x:—%x X2+ y2 (12)

j= —mg _:;D sin(0) (13)

G g sz;l,;rll)airy FE (14)

where m corresponds to total mass of the munition
that is equal to mo.

Numerical solution of Equations 12 and 14 with
respect to time is accomplished using a Runge-
Kutta solver prepared in MATLAB environment.
Thus, the trajectory solution of the first phase is
completed.

2.2.Phase-2: Powered Flight

During Phase-2, since there is an ignition
process, the thrust force is also added to the free
body diagram as shown in Figure 4. On the other
hand, the mass of the munition is decreasing with
time due to the propellant burning process. Using
Figure 4 and applying Newton’s Second Law in x

and y directions, Equations 1, and 2 are updated as
Equations 15, and 16.

(Fr — Fp) cos() = mi (15)

(Fr — Fp) sin(8) — mg—= my (16)

where Fr defines the thrust force.

Within the content of this study, it is assumed
that the munition’s solid rocket motor produces a
constant (7500 N) trust during the powered flight
phase.

Figure 4. Free body diagram of munition for
Phase-2

On the other hand, the mass of the munition is
decreasing during the powered flight and it can be
calculated using Equation 17.

m(t) = my—m.t (17)

where t defines time and m defines propellant
mass flow rate.

Assuming that the propellant mass flow rate is
constant, the mass flow rate can be calculated using
Equation 18.

Fr
Isp-Go

m = (18)
where I, represents the specific impulse of the solid
rocket motor, and go corresponds to the gravitational
constant at sea level.

Applying a similar solution procedure with
Phase-1 and using Equations 3, 9, 10, 15, and 16;
Equations 19, 20, 21, and 22 are derived.

1 CpAspgirv?
X =—<Ft—m) cos(6) (19)
m 2
X CpArpgirv?
55:—-<Ft——" £Pair ) (20)
m./x%2 + y? 2
CpAspairv?. .
(A= )sin(9) 21)
y= m
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CpArpairv?
X'(FT— D flz)alrv)

m.\/x? + y?
The numerical solution of Equations 20 and 22

with respect to time is accomplished using the
Runge-Kutta solver.

(22)

y= -9

2.3.Phase-3: Coasting After Burnout

During Phase-3, since the propellant is burned
out, there is not any thrust force exerted on the
system. Additionally, the mass of the munition is
constant and equal to the final mass (final mass =
total mass — propellant mass). The free-body
diagram of this last phase is identical with Phase 1
and it was illustrated in Figure 2. The only
difference between Phase 1 and Phase 3 is the mass
of the munition. Thus, after placing the final mass
(my) into Equations 12, and 14; then solving it with
the Runge-Kutta solver, the trajectory solution of
the last phase is finalized.

3. Validation

An in-house MATLAB script is prepared to
perform the numerical solution expressed in the
previous section.

Since the accelerator-type launcher concept is
guite new, it is not possible to find out an
experimental result covering a real rocket launch
process from a catapult or from an electromagnetic
launcher. Therefore, in order to validate the
numerical solution procedure, experimental results
presented in Nathan’s study are used [12]. In that
research, the trajectory of a spinning and non-
spinning baseball is examined by conducting
experiments [12]. Spinning baseball produces lift
force due to Magnus Effect [12]. Since the
munition’s aerodynamic lift force is neglected in
this study, experimental results belonging to the
non-spinning baseball trajectory of Nathan’s
research are used to validate our numerical model.
Properties of the baseball used for validation are
listed in Table 1.

The drag coefficient of the ball varies with
respect to velocity and this property is taken from
Adair’s book [13]. Figure 5 illustrates the variation
of baseball’s drag coefficient with velocity.

After the data is digitized and a suitable unit
conversion process is accomplished, the in-house
MATLAB script developed within the content of

this research is updated in accordance with the
experimental inputs in Nathan’s study [12].

Table 1. Properties of baseball [12]

Property Value Unit
Mass 0.145 kg
Diameter 0.0728 m

Initial velocity 44,704 m/s
Launch angle 30 deg
Initial vertical location ~ 0.875405 m

o
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Figure 5. Variation of the drag coefficient [13]

Figure 6 shows the comparison of numerical
results belonging to this study with Nathan’s
experimental results [12].

——Experimental Results [12]  ----This Study
21
18
15

12

y [m]

O w o W

0 10 20 30 40 50 60 70 80 90
X [m]

100

Figure 6. Validation of the numerical solution
procedure [12]

As it can be seen from Figure 6, there is a good
agreement between the experimental and numerical
results. This validation process shows that the
developed in-house MATLAB script performs
accurate calculations for the first and final phases of
the real problem. However, it is unnecessary to
perform further validation process for Phase 2 since
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only the mass of the munition is varying with time
and there is an additional constant positive thrust
force component in the numerical solution process
unlike the other flight phases, and adding or
subtracting a force to the equation or solving the
equation using variable mass does not change the
numerical solution procedure. Thus, the developed
in-house MATLAB script can be used for the range
optimization process.

4. Range Optimization

This section aims to maximize the range of a
generic munition by launching it from the
accelerator launcher concept and determining the
effects of design parameters on the range. Properties
of the munition are listed in Table 2.

Table 2. Properties of the generic munition

Property Value Unit
Total Mass 75 kg
Final Mass 35 kg

Diameter 0.122 m

Specific Impulse 250 S
Drag Coefficient Figure 3 -

The drag coefficient of the munition varies with
respect to velocity and its behavior was illustrated
in Figure 3. Before the optimization process, the
maximum range of the munition and the launch
properties providing the maximum range are listed
in Table 3.

Table 3. Before the optimization process maximum
range of the munition

Property Value Unit
Launch Angle 75.35 deg
Range 145.314 km
Flight Time 224.05 S

The optimization process is divided into two
different parts. In the first part, launch angle (6),
ejection velocity of the munition from the
accelerator launcher (Vo), and ignition delay after

the ejection (tsire) are determined as design variables.
Using MOGA-II  (MultiObjective  Genetic
Algorithm 1) solver of the ModeFrontier,
munition’s range is maximized. In the second part,
the effects of each design variable on munition’s
range are examined separately by taking two of
them as constant and one of them as a variable.

The Multiobjective Genetic Algorithm Method
is an efficient optimization method that can find out
the global maximum or minimum point of the
problem with high accuracy since it searches
diverse regions of the solution space. The method is
based on mimicking the biological evolution
principle. An initial population is generated and
subsequent generations are constructed following
the genetic algorithm operators such as the
probability of directional cross-over, probability of
selection, probability of mutation, and DNA string
mutation ratio. Iterative generation of new
populations provides conversion of the optimization
problem to its optimum point.

The reason behind the selection of MOGA-II
solver is due to its success in finding out the global
maximum value (solver’s robustness) and its
accuracy.

4.1. Multi-variable Optimization

This section presents range maximization of the
munition by changing three design variables listed
in Table 4. The only objective of the optimization
process is summarized in Equation 23.

) 1
Tel? Range(s) 3)

The upper and the lower limits of the design
variables are given in Equation 24 and listed in
Table 4.

S={seR|s, <s<sy}

(24)
s = {9, Vo, tfl-re}
Table 4. Design variables and limits
Design Variable SL su Step Unit
Launch Angle 35 75 0.1 deg
Ejection Velocity 60 120 0.2 m/s
Ignition Delay 0 1 0.01 S
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The ejection velocity limits may seem to be high
but usage of electromagnetic launchers or new
generation catapult systems will provide those
ejection velocities depending on both the size and
mass of the munitions. Step size defines the
increment or decrement step of the variable during
the optimization process. For example, the launch
angle can be taken as 42.8°; but it cannot be taken
as 42.78° since the step size is determined as 0.1°.

Workflow of the optimization process modeled
in ModeFrontier environment is illustrated in Figure
7.

0 Vo Iare  Support File
ol E =l B
. C
Trajectory Calculator é
@ & o
o
Scheduling Start Matlab? Exit
[MOGA-II] P Range

¥
b |
“~
Maximum Range

Figure 7. Multi-variable optimization workflow

As can be seen from the figure, MOGA-II
scheduling node manages the optimization process.
Three design variables are defined at the top and
numerical solver (in house MATLAB script) is
defined as “Trajectory Calculator”. Runge-Kutta
solver is stored as a function; therefore, it is given
to the MATLAB node as “Support File”. MATLAB
node performs a solution for each design and gives
the “Range” output. Then as an objective, the range
is maximized.

After performing 562 runs, the optimization
process is accomplished. Results of the multi-
variable optimization process are illustrated in
Figure 8 and 9. The graphs shown in the figure are
three-dimensional. While x and y axes correspond
to launch angle (#), and range; colored legends
correspond to ejection velocity (Vo) and ignition
delay (tire) for Figure 8, and 9 sequentially. In the
legend, blue means lower, and red means higher
values for ejection velocity and ignition delay
parameters.

Table 5 summarizes the optimum values of the
design variables for the maximum range.
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Figure 8. Variation of range with launch angle and
ejection velocity
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Figure 9. Variation of range with launch angle and
ignition delay

Table 5. Multi-variable optimization results

Property Value Unit
Launch Angle 61.3 Deg
Ejection Velocity 120 m/s
Ignition Delay 0 S
Range 176.048 km
Flight Time 242.94 S

According to the optimization results, higher
ejection velocity extends the range. In order to reach
the farthest range, the ignition delay is set to 0 s
(which means that the munition has to be
immediately ignited) and the launch angle has to be
set at 61.3°. Usage of accelerator launcher provides
21.15% range extension. The optimum launch angle
that provides maximum range is decreased from
70.35° to 61.3° (12.86% decrement). On the other
hand, there is 8.43% total flight time increment is
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calculated with the usage of the accelerator launcher
concept.

The classical (traditional) launcher is a
conventional missile/rocket launcher it can store the
munition inside it and arrange its launch angle. On
the other hand, the accelerator (new generation)
launcher also provides initial ejection velocity to the
munition during the launch process in addition to
the properties of the classical launcher. The
accelerator launcher concept benefits from the
electromagnetic rails or catapult systems to speed
up the munition.

Figure 10 to 14 illustrate the comparison of
trajectory simulation results belonging to both the
classical and accelerator launchers.

Figure 10 presents the variation of horizontal
position with vertical position (altitude) of the
munition. Figure 11, and Figure 12 show the
variation of horizontal and vertical positions of the
munition with time sequentially. Finally, variations
of horizontal and vertical velocities of the munition
with time are plotted in Figure 13, and Figure 14
sequentially.
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According to the simulation results, after the
ignition, there is a sudden increment in both vertical
and horizontal velocity components. After the
burnout, there is a sharp decrement in both of the
velocity components at the vicinity of 13.08 s for
both of the launch cases. The reasons for this
situation are of course the drag and the gravitational
forces. For the accelerated launch case at t=116.4 s,
the munition reaches its highest altitude that is
66040 m while for the classical launch case at
t=110.9 s the munition reaches its highest altitude
that is 55860 m. Finally, for the accelerated launch
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case, the munition hits the ground at the end of
242.94 s flight time with a vertical velocity of 640
m/s and a horizontal velocity of 383.4 m/s while for
the classical launch case those values are 224.05 s,
342.3 m/s, and 595.8 m/s respectively. The range is
calculated as 176.048 km for the accelerated launch
case while the classical launcher provides 145.314
km range.

4.2.Single Variable Optimization

In order to examine the effects of each design
variable on munition’s range separately; single
variable optimization processes are accomplished
by taking two of them as constant and one of them
as a variable. By changing constant values and
repeating the optimization processes; graphical
results are produced to compare the effects of
differing the values of launch angle (6), ejection
velocity (Vo) and, ignition delay (tir) on optimum
results.

In order to examine the effect of ignition delay
on optimum launch angle results, constant ejection
velocity is taken as 90 m/s, and ignition delay is
changed from 0 s to 1 s with 0.25 s intervals. Figure
15 shows how the optimum launch angle is
changing depending on different ignition delay
parameters.

—t fire=0s
--- t fire=0.75s

t_fire=0.25s
t_fire=1.00s

t_fire=0.50s

190000
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90000

40000
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Figure 15. Variation of optimum Launch Angle
with different Ignition Delay values

According to the results, the optimum launch
angle decreases with the decrement of constant
ignition delay. This can be understood from the
slight shift of the curves from right to left with the
decrement of the ignition delay.

In order to make a detailed result evaluation, the
left and right sides of the optimum launch angle can
be examined separately. In Figure 15, the left side
of the optimum launch angle illustrates that the
decrement of the ignition delay increases the range.

On the other hand, the right side of the optimum
launch angle shows that increment of the ignition
delay up to a certain threshold increases the range.
If the munition is launched with low launch angles
(such as 40°) without any thrust force, its nose
immediately turns downward direction in less
amount of time. This leads to less flight time and a
shorter range. However, if the munition is launched
with high launch angles (such as 70°) it takes a
higher amount of time to turn down its nose in the
downward direction. Thus, it is possible to extend
its range by making a late ignition and so increasing
its flight time. Although the horizontal velocity
vector is small if the flight time is enough, the
munition’s range can be further.

Similarly, in order to examine the effect of
ignition delay on ejection velocity results, constant
launch angle is taken as 55° and ignition delay is
changed from 0 s to 1 s with 0.25 s intervals. Figure
16 shows how range is changing depending on
different ignition delay and ejection velocity
parameters.
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Figure 16. Variation of optimum Ejection Velocity
with different Ignition Delay values

According to the results, the range increases with
the decrement of ignition delay. Ignition delay is
much more effective for the lower ejection
velocities since late ignition leads to the decrement
of the munition velocity too much and this requires
more time to speed up the munition in higher
gravitational force. Therefore, ejection velocity
increment is much more effective on munition’s
range for higher ignition delay.

Finally, to examine the effect of ejection velocity
on optimum launch angle results, the constant
ignition delay is taken as 0.5 s and ejection velocity
is changed from 60 m/s to 90 m/s with 15 m/s
intervals. Figure 17 shows how the optimum launch
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angle is changing depending on different ejection
velocity values.
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Figure 17. Variation of optimum Launch Angle
with different Ejection Velocity values

According to the results, optimum launch angle
decreases with the increment of constant ejection
velocity. Since it is possible to reach higher altitudes
in less amount of time with higher ejection
velocities, it is possible to extend the range of the
munition with less amount of launch angle. On the
other hand, if the launch angle is too high (such as
75°) increment of the ejection velocity has a very
small effect on the horizontal velocity component of
the munition. Therefore, the distance between the
ranges for higher and lower ejection velocities is
quite small for very high launch angles.

5. Conclusion

Trajectory analysis and range optimization of a
generic ballistic munition launched from an
accelerator launcher concept are accomplished to
analyze the feasibility of the accelerator launcher
concept within the content of this work.
Electromagnetic accelerator launchers and new
generation catapult accelerators are examples of this
concept. To simulate the trajectory, an in-house
MATLAB script is prepared and validated. The
optimization process is modeled in the
ModeFrontier environment and during the
optimization process, the Multi-Objective Genetic
Algorithm 1l (MOGA-II) scheduler is used since it
provides both robustness and accuracy. Range
maximization is the only objective of the
optimization process. To find out the optimum
range, 3 design variables which are launch angle,
ejection velocity, and ignition delay are changed in
between certain intervals. Maximum range is
achieved by minimizing the ignition delay,

maximizing the ejection velocity, and setting the
launch angle as 61.3°.

21.15% range extension is provided with the
usage of accelerator launcher concept instead of
classical launcher for the generic ballistic munition
examined within the context of current research.
Flight time is increased by 8.43%. The optimum
launch angle providing the maximum range is
decreased from 70.35° to 61.3° with the usage of the
accelerator launcher instead of the classical one.

To make further examination on effects of each
design variable on munition’s range separately;
single variable optimization processes are
performed. Graphical results of this process
represent several results. Decrement of the ignition
delay decreases the optimum launch angle. For
launch angles that are smaller than the optimum
value, the range can be extended by decreasing the
ignition delay. For launch angles that are higher
than the optimum value, the range can be extended
by increasing the ignition delay. Ignition delay is
more effective on munition’s range for lower
ejection velocities since late ignition leads to the
decrement of the munition velocity too much and
more time is needed to speed up the munition in
higher gravitational force. Ejection velocity
increment is much more effective up to moderate
launch angles (such as 60°) when compared with
higher values (such as 75°) since its increment has
negligible changes in horizontal velocity
components of the munition for very high launch
angles. Results of this research also show that the
development of accelerator launchers provides a
considerable amount of range extension for
classical ballistic munitions as long as their launch
angle is not too high.

In conclusion, the development of accelerator
launchers will make significant contributions to the
range extension process of outdated ballistic
munitions with low cost in near future. Results of
this work give an idea about how much amount of
range extension may be provided for some Turkish
ballistic munitions. Considering approximately
20% range extension will be provided by the
accelerator launcher concept, the range of a T-122
Sakarya rocket can be extended from 40 km to 48
km. With the technological improvements, the
range extension to cost ratio will further decrease
gradually.
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6. Symbols

@: Launch angle

po: Sea level density of air

pair. Density of air

As: Reference area

Co: Drag coefficient

Fo: Instant drag force

F+: Thrust force

g: Gravitational acceleration

go: Gravitational acceleration at sea level
h: Altitude

hscale: Density scale height

Isp: Specific impulse

m: Instant mass of the munition

m¢: Final mass of the munition

mo: Total mass of the munition

m: Propellant mass flow rate

Re: Radius of the Earth

s.: Lower limit of the design variables
su: Upper limit of the design variables
t: Time

trire: Ignition delay

v: Velocity of the munution

Vo: Ejection velocity

x: Velocity in x direction

X: Acceleration in x axis

y: Velocity in y direction

y: Acceleration in y axis
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Not applicable
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Abstract

Nowadays, Industry 4.0 applications have brought unprecedented technological innovations in the transportation logistics
value chain. The reflection of these developments in academia and their use in universities is very significant for
education. The air transport sector is one of the leading sectors in the use of new technologies. Better results can be
obtained by supporting theoretical air transportation education with visual elements and simulations in aviation
management education. Students of aviation management departments receive theoretical training. In aviation
management departments, students are getting trainings to work different departments of aviation companies. These
departments can be supported by hands-on courses such as simulations or laboratories that show how to use information
in real life. Within the scope of the research, a trial version of 19 different airport management simulations that can be
used for airport management in aviation management departments. It has been evaluated in which simulation the
theoretical knowledge of the research airport management course can best be put into practice and contribute to
professional development. It is shown which simulations of different scenarios involve airport management strategies.

Keywords: Aviation, airport management, game simulations, educational software, computer-based education

1. Introduction

The attitudes and motivations of educators solve these problems and provide more positive
directly affect the quality of education. The higher teaching environments and processes to individuals
the motivation of individuals can be kept, the better by using today's opportunities. Computer-based
the results will be in education. It is difficult to education takes into account the personal
achieve this in the classical classroom environment characteristics and preferences of students. Studies
and the classical education process with crowded such as simulations, experiments, case studies show
groups. So, providing this motivation is one of the students the practical value of theoretical
most important challenges that educators face knowledge. These studies enable students to be
today. Educational scientists are working hard to more willing and learn with passion [1].
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Education and technology can be thought of as
two concepts that support each other. Because when
technology begins to develop in the light of the
information that emerges after a disciplined
working order, service to education and many
different fields is a phenomenon. In order to keep up
with the times, technological applications should be
integrated into the education system [2].

Technological developments enable different
media to be used together in learning-teaching
environments. The use of interactive teaching
materials such as textbooks as well as interactive
audiovisual learning materials can be very useful for
students with different learning styles and needs [3].

Educational games and simulations provide
powerful systems for training. Within the broad
category of educational gaming, there are several
types of games such as Serious Educational Games
(SEG), Educational Simulations (ES), and Serious
Games (SG) [4].

Early examples of training simulations are the
software and hardware used in training fighter pilots
in the 1940s [5]. The first educational game, created
in 1973, Lemonade Stand, was an example of an
initial foray into computer game use in a class.
However, Lemonade Stand was significantly
limited in its ability to assess outcomes and more
broadly simulate actual tasks in the real world [4].

Simulation games are guided by the participants
within certain rules and limits. The game reflects a
representation or model of reality. Users interact
with this reality and make relevant decisions.
Simulation games include business games, urban
simulations, etc. [6].

Many research suggests that computer-aided
applications are effective in reinforcing behaviors
and structuring the learners’ knowledge in the
teaching process [7-10].

More is now expected from education and
trainers. It is discussed that trainers should be more
active in the lesson, apply different strategies and
methods, how students can reach deep learning and
increase their cognitive level [11]. For instance, The
Next Generation Science Standard (NGSS) is an
educational standard used in the United States. Next
Generation Science Standards (NGSS) are
developed based on students worldwide, who are
undergoing very rapid changes. To meet this
standard, trainers must plan learning that helps

students to be ready to pursue further education [12]
also career [13].

The main purpose of this research is to search
simulation games for airport management. There
are many simulation applications in pilot and
technician training but aviation management
training has only theoretical education. This is our
main motivation to study on this research.

2. Literature Review
2.1. Computer-Based Education

Alessi and Trollip (2001) mentioned in their
study that they discussed their educational
philosophy and approaches to the use of computers,
multimedia, and the internet in education. The
existence of a wide variety of software is suitable
and useful for use in different fields of education.
Their study presents extensive research on the
design of educational software. Developing some
educational software (tutorial and drill) is simple
while developing some educational software
(simulations and open-ended learning
environments) is more difficult and complex [14].

With the developments in the field of
information technologies, computer-based
structures have started to be used in the field of
education. Sometimes, without even the need for an
educator, teaching activities were started with direct
human-computer interaction [15].

Cognitive multimedia learning theory forms the
basis of multimedia learning. This theory explains
how people learn with words and pictures in
multimedia  environments.  The  cognitive
multimedia learning theory is shown in Figure 1.

Long-Term
Memory

Working Memory
Senses N

Multimedia
Presentation

= fars Sound

Organizing

-

Words Selecting

Prior

Integrating| Knowledge

Pictorial

Pictures | 8
Eyes

™~ Selecting\
——/

Images| Organizing

Model

Figure 1. Cognitive theory of multimedia learning.

In computer-based education, the computer is
used as an environment where learning occurs. CBE
is a teaching method that strengthens the teaching
process and student motivation, that the student can
benefit according to his learning speed and is a
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combination of self-learning principles with
computer technology. In other words, CBE is the
transfer of educational content or activities via
computer. The use of new technologies in education
facilitates educational activities because of the
interaction of more sensory organs compared to the
traditional method [16].

With the widespread use of educational
technologies, cooperative learning, which is
increasingly important both in daily life and in
educational environments, is constantly developing
and enriched with different methods and techniques.
One of these techniques is the realization of
cooperative learning using computers, which is used

to facilitate learning among learners. How
computer-supported  cooperative learning can
strengthen interaction and work between

individuals within a group has received a lot of
attention lately [17].

2.2. Simulation

One of the commonly used formats of computer-
based education is a simulation [18]. When people
use more senses to learn something new,
information becomes more permanent and easier to
learn. With artificial environments created in
simulation technologies, people can use more
senses and facilitate comprehension [19]. With the
usage of simulations, it was seen that there was a
great decrease in the misconceptions of the students.
In addition, it is reported that simulations designed
by considering students' prior knowledge can help
to create conceptual change in students [20].

In addition, simulations allow you to experience
the closest realistic results in a risk-free virtual
environment. Many different simulation and

training  applications in  operational and
management areas are used in university’s
educational programs. Simulation and game
software enterprises also produce various

simulations and games that can serve to acquire the
necessary knowledge and skills in today's
competitive environment [18].

Students, who use computer simulations reveal
the properties of the system in the simulation
through experiments (Figure 2). Simulations are
very suitable systems for exploratory learning.
Computer simulations can be used to learn a system
or process. Types of computer simulations are
conceptual models and operational models.

Conceptual models include principles, concepts,
and facts. Operational models include cognitive and
non-cognitive process sequences. It can be used in
areas such as economy, physics, radar control, etc.
[21].

SYSTEM:> MODEL:>SIMULATION

What will be
represented?

Figure 2. Simulation, Model and System Relation

How will itbe Representation
represented?

Simulations are used for intelligent and complex
operations and designs in production. In addition, it
provides optimum decision-making by making
exploration and planning models. Moreover,
companies provide convenience in transition to
industry 4.0 by making cost, risk, procedure, and
performance evaluations [22].

2.3. Simulation Applications in Aviation

Working in the aviation industry requires
communication, teamwork, problem-solving. Due
to the differences between what students learn in the
classroom and real life, the risk of accidents or
incidents increases. With the rapid development of
computer technology, simulation technology has
emerged to solve these problems in aviation [23].

Flight simulators are one of the most widely used
simulators in aviation. Engineers use the latest
technologies to simulate a real airplane. Over the
years, experts have come up with more complex and
advanced simulations. Simulations are now
expected to not only perform pilot duties but also
understand complex human responses. As a result,
the human-centered approach in simulations has
become increasingly common [24]. One of the
advantages of flight simulators is that they create the
reality that a pilot is sitting on an airplane. There is
a real cockpit layout from simulation and real
control mechanisms of aircraft. Another advantage
is that simulation training is less costly than real
aircraft training. It also increases safety as it allows
many flight and emergency attempts [25].

Apart from training simulators, there are also
simulations used for research and development.
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These R&D simulations have to adapt to ever-
changing  environmental  conditions.  These
simulations are mostly used for controlling airports
and air traffic. Airports are complex systems with
many stakeholders such as operators, ATC
providers, airlines, ground handling services. To
optimize the usability and performance of these
systems, examine the interaction of operators with
their work environment, for development, testing,
and validation purposes an experimental
environment is needed [26].

Donohue, et al. 2002, explained many new
simulation technologies are used to decrease
congestion and increase safety and capacity in air
transport. Some of those: [27].

« SIMMOD- FAA's
simulation model

* TAAM- Total Airspace and Airport Modeler
are used to simulate aircraft at and in the airspace
around the airport.

* RAMS-  European
Mathematical Simulator

airport and airspace

Reorganised ATC

Total AirportSim is a computer software that can
model both air and land sides. The model has been
developed gradually and implemented over the
years together by LeTech and the International Air
Transport Association (IATA). The system consists
of 3 main modules [28].

« Airport/Runway
* Gate
« Passenger Terminal

Morlang, 2006, stated in his research that
increasing demand increases the capacity. For
capacity increases to be made without sacrificing
safety, it is necessary to simulate before the actual
operation. The research focuses on the following
realtime Human — in — the — Loop (HIL) simulation
facilities: [29]

* Air Traffic Management and Operations
Simulator (ATMOS)

*» Apron and Tower Simulator (ATS)

«Airport and Control Centre Simulator (ACCES)
* Generic Cockpit Simulator (GECO)

3. Theoretical Method

Secondary sources were used in the literature
part. In this study, a literature search was carried
out. Priority was given to master and doctorate
theses and research, articles, and books were
utilized. In addition, current airport management
simulations were examined and compared using an
educational software evaluation scale which is Ates
(2011) Educational Software Evaluation Scale. This
research covers airport management simulations
reviewed in 2018. The most downloaded 30 airport
simulation mobile and pc games were reviewed by
researchers. 30 of these simulation games were
examined by 4 doctoral students. Within the scope
of the sample selection, the main titles of the airport
operation games, and visual videos were watched.
Educational training is the closest to the real airport
operation scenarios created on Queue Management,
Crowd Management, Slot Management, Baggage
System. It includes methodological techniques for
research purposes.

The educational software evaluation scale
includes 6 dimensions and 41 items that are
educational software features, visual design
features, multimedia features, content, orientation
and help, installation and usage features. 19
simulation games were selected which have free
trial versions among 30 simulation games.

The research was carried out for the purpose of
determining the situation of one semester (fall
semester 15 weeks) in the 2018-2019 academic year
in Eskisehir Technical University and Mugla Sitki
Kogman University.

Data were collected within the scope of the
airport final assignment with Aviation Management
students. For simulation evaluation, homework was
assigned to 40 Eskisehir Technical University
students and 40 Mugla Sitki Kogman University
students. Each game was distributed into groups of
4 people to evaluate them. Final assignment was
completed by 76 students from 80 students.

The students were asked to play the games in this
context in  Queue  Management, Crowd
Management, Slot Management, Baggage System
scenarios. The scenarios were applied on every
games and each game was evaluated by a group. In
the comparison, Educational Software Evaluation
Scale was used [5].
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Educational ~ Software  Evaluation  Scale
dimensions were evaluated with the weighted
average and the ranking was made in accordance
with the formula below, in the research.

{21 E; VD M; C; OH; U;

Z?=1 SIi
E=Educational Features
VD=Visual Design Features
M=Multimedia Features
C=Content Features
OH=Orientation and Help
IU=Installation and Usage
SI=Scale Total Item

Cm =

The following hypotheses about the first three
software, which came out as a result of the weighted
average ranking, were analyzed with the SPSS
program Analysis Program.

HO hypothesis: There is no difference
between the educational features evaluation scores
of the games among the first 3 games with the
highest weighted average.

H1 hypothesis: There is a difference
between the educational features evaluation scores
of the games among the first 3 games with the
highest weighted average.

4. Analysis and Findings

Sample scenarios covering research can be
grouped as follows:
Scenario 1: Queue Management

Incorrectly placed check-in counters: The
students participating in the research were asked to
determine the number of check-in desks, boarding
desks, and security checkpoints. Because we have
to put up with the operating costs as well as the cost
of purchasing these factors, and we have to hire
personnel for each one. It has become very difficult
to create a queue because check-in and boarding
counters are located on a small area. Waiting times
have increased. The flights at the same time do not
arrive on time because check-in starts at the same
time.

Display of the queue labyrinth: First of all, it is
necessary to create labyrinths in order to enter the
proper sequence. This prevents the formation of
turmoil in the queues. In addition, the baggage
bands need to be linked to all check-in counters so
the necessity of putting them side by side is a

constraint for us. It is necessary to put the check-in
desks side by side and at certain intervals so we
cannot put them in very different places.

Crowded security points: Another point that
forms the queue is the security checkpoints. The
same labyrinths have to be created here as well.
Also, another problem is that staff also have to pass
through safety points and wait in queues with
passengers. The solution to this problem is to
allocate different safety points for passengers and
personnel.

Example of a flight plan: Lastly, planning flights
with one or two hours of shifts without taking the
departures of the aircraft at the same time, could be
another step in the solution.

Scenario 2: Crowd Management

Entrance crowd: The greatest cause of crowd
formation in airports is the inadequacy of the
guiding signs and advisory banks. People are having
difficulty finding places to go and causing a big
crowd. Trying to find something on their own is
causing passengers to get angry, bored, and
sometimes unable to reach their flights.

Crowd at bus stops: Crowded places are bus
stops and passengers dropping and picking points.
Bus stops must be in sufficient number and in
suitable places.

Crowd in baggage pickup points: Baggage
pickup points are always the most crowded places
and waiting times are long here. First of all, enough
seats should be placed for passengers to sit. There
must be enough baggage points and staff to avoid
any delays. The number of baggage handling areas
should be increased according to the number of
aircraft landing at the airport.

Scenario 3. Slot Management

Draft Flight Plan: There are a few things that
restrict us when we sign slot agreements with
airlines. Which are; operating hours of the airport,
if a flight is delayed this reflected on all flights, at
least 3 hours before the flight time, the flight must
be set in the schedule, and airport and parking
position capacity of the airport.

An Example Contract: The first step for slot
management is to sign agreements with airline
companies. As you can see, the contracts include the
conditions of the companies and the amounts they
will pay for the airport. We, as the airport manager,
read these contracts and sign or decline according to
whether our airport is suitable for these flights and
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whether there is a profitable agreement. Successful
flights are transformed into green. Delayed flights
are shown in red.

Scheduled flight plan: If a flight is delayed, it is
necessary to decide whether the flight should be
delayed or not. If we do not allow it to be delayed,
some passengers may be out. But if you let it delay,
other flights may be delayed. Here, the manager
should make the most appropriate decision. The
suitability of parking positions at the airport is also
of great importance when planning a slot. Large
planes cannot park in small positions, so when
signing a contract, it is necessary to pay attention to
which aircraft will be operated.

Scenario 4. Baggage System

Display of the baggage bands: It is very difficult
to set up a baggage system at the airport. A given
baggage needs to be reached as soon as possible.
However, the luggage band is a very long way to go
at a certain speed. This band must first be connected
to check-in counters. As mentioned in the queue
problem section, check-in counters have to be side-
by-side for this reason.

Baggage bands from underground and over
ground: Some of the luggage straps should go from
the top to the bottom of the straps. Building from
under the ground after the check-in counters
finishes will be the right decision in terms of space
savings. Baggage moving in the bands is gathered
at the baggage collecting places that are more
visible and loaded onto baggage cars and taken to
the plane. Incoming flights are left here again by
baggage.

Baggage collecting area: Lastly, they are sent to
baggage claim areas to pick up passengers' luggage.
We must determine the number of baggage
reception areas according to the density of the
airport.

Reviewed Airport Simulation Games and
Features

The following codes were used when entering
the airport simulations that can be used in airport
trainings into the SPSS analysis program. In the
analysis section, the software will be mentioned
through coding.

1. Airport Clash 3D
Airport Inc
Airport Master
Skyrama
Airport Tycoon Deluxe

akrwbd

6. Airport Simulator

7. Sim Airport

8. Airport Ceo

9. Airport Simulation 1-2 2018

10. Airport Parking

11. Airport Control

12. City Airport Super Flights 3D
13. Airport Terminal On Stream

14. Airport Rush

15. Airport Guy: Airport Manager
16. City Island Airport

17. Airport City: Airport Tycoon

18. Prg Live

19. Airport Dme

The Reliability Statistics of the Educational

Software Evaluation Scale, which includes 41 items
of the survey in the research, are given Table 1.

Table 1. Reliability Statistics

Cronbach's Alpha N of Items
914 41

Figure 3 was prepared by visualizing the
weighted averages of the answers given by the
software to the Educational Features Dimension
Scale Items with the formula. Code number 6 is
Airport Simulation, 7 is SIM Airport and 8 is
Airport CEO. Educational Features, which take
motivation and education within the scope of the
research, will be examined in more detail in later
analyses.

C = iz Ei
?:1 EDIl

E= Educational Features

EDI= Educational Features Scale Dimension ltems
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Educational Features
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Figure 3. Educational Features of Reviewed Airport Simulation Games

Visual Design Features are parts that students
consider graphic design on the simulation side.
With the developing technology, depending on the
graphics cards, very realistic 3d graphics are used in
games. Even if it is not directly related to education,
it is accepted as a criterion in determining the
quality of the tool used. In the research, Airport
Tycoon Deluxe with code number 5, SIM Airport

with the highest visual design ranking. Visual
Design weighted averages of other programs are
shown in Figure 4.

n _VD;

— _ i=1 i

Cm =S vor,

VD= Visual Design Features
VDI= Educational Features Dimension Scale Total

. : : Items
with number 7 and Airport CEO with number 8,
Airport clash 3d with number 1 are the programs
Visual Design
7%
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Figure 4. Visual Design Features

Designs such as sound and simultaneous
connection are auxiliary elements in educational
software. These items were evaluated in the
Multimedia Dimension Scale with the formula
above. Figure 5 was prepared based on the results
obtained. Airport Master with code number 3, SIM
Airport with number 7 and Airport CEO with
number 8 have higher average scores on this
dimension of the scale.

of Reviewed Airport Simulation Games

n

't M;

(7t = g
" MDI;

M= Multimedia Features
MDI= Multimedia Features Dimension Scale Total
Items
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Multimedia
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Figure 6. Content Features of Reviewed Airport Simulation Games

The arithmetic mean and standard deviation of
the scores of the Educational Software Evaluation
Scale and one of the sub-dimensions Educational
Features of the software that can be used for
education were calculated. They are ranked from
highest to lowest average. Accordingly, hypothesis
tests were conducted regarding user comments on
Airport Simulation 1-2, Airport CEO and Sim
Airport.

» HO hypothesis: There is no difference between
the educational features evaluation scores of the
games among the first 3 games with the highest
weighted average.

* H1 hypothesis: There is a difference between the
educational features evaluation scores of the
games among the first 3 games with the highest
weighted average.
In order to determine whether the attitude scores of
the first 3 weighted average software included in the
study differ significantly according to Educational
Features, the independent groups chi-square test
was conducted. However, since the variances did
not show a homogeneous distribution according to
the Levene F Test results, the Kruskal-Wallis Test
was used for independent measurements. The
difference between the mean rankings of the
Kruskal Wallis-H software groups, which was made
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to determine whether the mean of the rankings of
the Educational Features scale differs significantly
according to the variable of “Compliance with The
Learning Needs of the Target Audience”, was not
found statistically significant (Table 2, Table 3,
Table 4).

Table 2. Descriptive Statistics

Std.
N Mean Deviation
Compliance with
the learning needs
of the target 6 2,54 840
audience
Game Name 76 10,00 5,514
Table 3. Ranks
Mean
Game Name N Rank
Compliance AIRPORT
with the learning SIMULATION 4 6.88
needs of the 1/2 ’
target audience
AIRPORT CEO 4 8,25
SIM AIRPORT 4 4,38
Total 12

Table 4. Test Statistics(b)

Compliance with the learning needs of
the target audience

N 12
Median 3,00
Chi-Square 2,667(a)
df 2
Asymp. Sig. ,264

(2) 6 cells (100,0%) have expected frequencies less
than 5. The minimum expected cell frequency is 1,0.
(b) Grouping Variable: Game Name

The difference between the mean rankings of the
Kruskal Wallis-H software groups, which was made
to determine whether the mean of the rankings of
the Educational Features scale differs significantly
according to the variable of “Compliance with The
Learning Needs Of The Target Audience”, was not
found statistically significant. H1 hypothesis was
rejected.

5. Conclusion

As a result of the educational software
evaluation scale, analyzes were made on the game
which got the highest scores. In mobile simulations,
the highest score is Airport simulator 1-2. In
computer simulations, Airport CEO got the highest
score. Considering all the simulations, the Airport

CEO is the most successful, so it is emphasized how
airport management strategies are implemented in
an Airport CEO simulation. When compared to 19
airport management simulations, it was observed
that the airport management strategies could be
implemented as simulated as Airport CEO. A
simulation that allows for different strategies to be
applied both on the air and on the landside needs to
benefit from the information taught in aviation
management courses and not to think like an
executive. Simulation with this aspect allows an
aviation management department student to develop
their professional orientation before start to work in
the sector.

The use of simulation in distance education will
provide great benefits to students. Simulations can
be used in the COVID-19 interactive lecture
environment.

In addition, airport simulations, which we expect
to become more widespread in the future, can make
airports more effective and efficient. For example,
it can reduce long waiting times, solve vehicle
parking and capacity problems. Airports can be
easier to manage with better planned airports.

The future research scope can be expanded in
later studies and compared with control and
experimental groups.
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Abstract

The impact of the pandemic is far from over, with most countries still grappling with whether and how to lift lockdowns
and travel bans. The aim of this paper is to provide insights into the how the COVID-19 pandemic has impacted on
international aviation. First, a brief review of the literature regarding previous crises that affected the aviation industry in
recent decades is provided. Next, utilising PEST (Political, Economic, Socio-Cultural, and Technological factors)
analysis, the influence of the pandemic on the aviation industry is investigated. The findings indicate that the aviation
industry will enter a new round of the adjustment cycle, with the possibility of a large number of airlines going bankrupt,
whilst others will need to reorganise, or be subject to merger with, or acquisition by, larger players in the sector. It would
appear that the recovery of the aviation industry will be a long and slow process. Moreover, existing aviation business
models may well need to be replaced by new ones, with airlines having to develop in the direction of unmanned and
contactless service provision. The article is concluded with short-term and long-term recommendations for airlines
regarding recovery of the demand for air travel.

Keywords: airline, aviation, business, PEST analysis, COVID-19.

1. Inrtoduction

The outbreak of COVID-19 has brought
substantial losses to many industries worldwide.
The pandemic has led to higher economic loss and
social turmoil than initially expected by the experts,
with the impact on the aviation and the tourism
industries has been particularly severe. As of early
April 2020, global air traffic had fallen by 80%
compared to the year before, according to the
International  Air  Transportation Association
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(IATA). Global quarantine measures have severed
connections between different regions and caused a
collapse in demand for air travel, leading to a crisis
far more severe than earlier ones. In this paper, the
current pandemic situation and relevant data from
various industries are investigated via PEST
(Political, Economic, Sociological and
Technological) analysis. Probable changes and
challenges regarding the post-epidemic era are
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discussed, while possible countermeasures are
evaluated as well.

This paper is aimed at reviewing past events as
well as the current situation in order to predict the
near future of the airline industry and to produce
appropriate recommendations. The significance of
this study is that it considers the impact of the
COVID-19 outbreak, which has been far deeper
than expected at the beginning of 2020, with almost
all industries affected worldwide. Patterns,
operations, and even the development prospects and
directions of the aviation industry are expected to
inevitably change even after the pandemic has run
its course. Preparing for and responding to these
changes is vital to avoid associated risks and to
ensure a continued presence in the airline market in
the post-pandemic era.

Initially, only the Asia-Pacific region was
affected by what was thought to be a domestic
epidemic, with the number of flights only slightly
decreasing before 29th January 2020 [1]. By mid-
March, the number of global flights began to
decrease sharply, and by early April this figure had
dropped to 20% of its pre-pandemic level as of the
beginning of the year — an indicator of the paralysis
of global air travel. IATA’s forecast in March was
relatively optimistic, estimating a 38% drop in
global RPK (Revenue Passenger Kilometres) in
2020 and a passenger revenue loss of US$ 252
billion compared to 2019. The actual decline,
however, was far worse than what was forecast.
Compared to March 2019, global passenger traffic
decreased by 52.9%, and ASK (Available Seat
Kilometres) decreased by 36.2%. Moreover,
passenger demand in the international transport
market shrank by 55.8% in March, while for the
domestic markets it fell by 47.8% [2]. Brian Pearce
[3], the chief economist of IATA, has anticipated
that domestic flights all over the world can be
resumed in about six months, whilst he expects only
50% of global international flights to be restored
this year, which will amount to a worldwide loss of
US $ 314 billion in revenue.

Due to the sharp drop in revenue and cash
inflows global airlines are facing immense pressure.
Virgin Australia, the second-largest airline in
Australia, was the first airline to fail, having
recently entered a state of voluntary administration
[4]. Following the bankruptcy of Virgin Australia,
Mauritius Airlines also entered the escrow process

voluntarily [5]. Four of Norwegian Airline’s
subsidiaries in Sweden and Denmark have also filed
for bankruptcy. According to Reuters [6], Avianca
Holdings, the second-largest airline in Latin
America, filed for bankruptcy on 10th May due to
its failure to meet its bond payment deadline.
Travel restrictions due to the COVID-19 outbreak
have drastically reduced the demand for crude oil,
thus leading to price fluctuations. For the first time
in US history, weak demand owing to the pandemic
and the exhaustion of existing storage capacity has
led to negative producer prices of oil. On 20th April
2020, the price of WTI (West Texas Intermediate)
crude oil closed at -37.63 US dollars per barrel [7].
Brent crude oil, as the global crude oil benchmark,
on the other hand, whilst not reaching a ground
breaking negative value, has fallen by 70%
compared to the beginning of 2020, closing at 19.33
US dollars per barrel [8].

At present, aviation stocks in various countries
are experiencing a cliff-like plunge. Compared with
the stock price at the beginning of 2020, the share
price of Southwest Airlines, for example, has fallen
by 50%, while that of Delta Air Lines is only one-
third of what it was at the beginning of 2020. The
price of the shares of Qantas fell as well, from a
peak of 6.83, to a minimum of 2.03, in just one
month. Back in early April, Berkshire Hathaway’s
subsidiary sold 13 million shares of Delta Air Lines
and 2.3 million shares of Southwest Airlines, with a
total transaction volume of US$ 400 million.
Warren Buffett made it clear at Berkshire
Hathaway’s annual shareholders meeting that his
company and its subsidiaries have now given up all
of their shares in the airline [9].

Not only the recent the pandemic, but other factors,
such as terrorist attacks and rising crude oil prices,
have pushed the aviation industry into a precarious
situation in the 21st century. Faced with such crises,
airlines will need to respond quickly and decisively
to deal with the pressures of restructuring,
integration, and segmentation of the market in order
to gain a competitive advantage [10].

The 9/11 event was the first in this century to have
a profound impact on the aviation industry. In
November of the same year, the United States
passed the Aviation and Transportation Security
Act and established the Transportation Security
Administration. Congress conveyed upon the TSA
important task as coordination of law enforcement
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agencies at all levels to prepare for large-scale
security actions [11].

Few, if any, events in modern history are
comparable with the 9/11 terrorist attacks in terms
of the impact on the economy of the United States
and the world at large, in particular in relation to the
aviation industry [12]. Many US trading partners,
especially nearby Canada and Mexico as well as
banks, insurance companies, pension funds, and
other financial institutions were affected as well
[13]. It was found that tightened airport security
measures after 9/11 reduced the number of
passengers on all flights by approximately 6%,
while the number of passengers on flights departing
from the 50 busiest airports in the United States
decreased by approximately 9%. As a result, it is
estimated that the aviation industry lost
approximately US$ 1.1 billion [14].

Regarding the stock market, even though the
average weekly earnings of airline stocks did not
change significantly after the events of 9/11,
regardless of the size of the company, the related
systemic risk and the total risk increased
significantly. Under such circumstances, airlines
started to reduce their operating leverage by cutting
salary expenses and hedging fuel price fluctuations.
A lower operating leverage ratio can help airlines
improve their inventory performance in terms of
returns and risks [15].

For passengers, 9/11 resulted in psychological
and emotional pressure on air travellers. Even the
most experienced traveller was affected by a range
of factors, such as the fear of separation from loved
ones, anxiety and other safety-related fears [16].
The broad economic impact of every health-related
emergency can be significant [17]. The first global
infectious disease in the 21st century was SARS
(Severe Acute Respiratory Syndrome) that began in
February 2003, which is an airborne virus that can
be transmitted through saliva in a manner similar to
colds and flu (WHO). According to WHO [18]
(World Health Organization), as of July 2003,
SARS had spread to more than 30 countries, with
widespread outbreaks in 6 countries. When the
number of infected people is only 8439, the number
of deaths directly or indirectly caused by SARS
reaches 812, and the death rate is as high as 9.6%.
In April of that year, global RPKs (Revenue
Passenger Kilometres) dropped by 18.5% compared
to 2002, while the Asia-Pacific region, which was

severely hit by SARS, dropped by 44.8%. It is worth
mentioning that when the epidemic was severe,
global FTKs (Freight Tonne Kilometres) increased
by 7.7%, and even in the Asia-Pacific region, it rose
by 10.6% [19].

The outbreak of SARS strongly proved the
possibility of the rapid international spread of
emerging pathogens. The lack of sharing and
assistance mechanisms makes it extremely difficult
to control because spread on a large scale has often
already occurred before detected and reported [20].
Therefore, the World Health Assembly passed the
amendment in 2005 and formally implemented the
IHR (International Health Regulations) in 2007. At
the same time, the decision-making criteria of
PHEIC (Public Health Emergencies of International
Concern) are clearly defined.

At the HIN1 influenza pandemic in 2009, global
passenger demand fell by 9.3% compared to the
same period last year, while freight demand fell by
17.4%. In Mexico, its airline traffic dropped by
nearly 40% in May [21]. Due to the rapid response
of WHO and the rapid development of specific
drugs and vaccines. Although 216 countries were
infected in the end, the global HIN1 mortality rate
was only 0.001%-0.007% [22]. As media reports on
the HIN1 flu decrease, the impact on passenger
confidence has also eased. Except for the Middle
East, demand conditions in all regions improved in
August. Although profitability has not recovered,
the impact of HLN1 has begun to decrease [23].
Awviation is one of the most important pillars of the
global economy, not only connecting people, but
also, providing millions of jobs worldwide and
making a significant contribution to the economy.
According to Dobruszkes and Hammer [24] GDP
change is the main driver of air services dynamics
and the crisis of air services has much more affected
the USA, Europe and Japan than the rest of the
world. When the financial crisis of 2008 occurred,
the aviation industry, despite being one of the
fastest-growing industries, faced negative growth
and huge losses.

After comparing the data published by 41
international airlines in four regions (Europe and
Russia; North America; China and the Asia Pacific;
and Africa and the Middle East) in 2005, the
research results showed that low-cost airlines are
generally more efficient than full-service airlines
and that large airlines have the advantage of
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economies of scale [25]. Despite airlines quickly
responding to the 2008 economic crisis by adjusting
their capacity and cost base after absorbing the
lessons of the 2001 crisis, many airlines’ profits
have been slow to recover. The deep recession of
2008 widened the gap between the successful and
unsuccessful business methods further, gradually
eliminating the latter [26].

Driven by economic, technological,
demographic, social, and political factors,
globalisation has interwoven the economies of
many countries, creating interdependent networks
of global markets, global production, global
competition, and global exchanges. Globalisation,
as a process of international integration, not only
depends on the air transport industry but, in turn,
also facilitates the development of the aviation
industry further [27].

However, globalisation also entails many risks as
well as growth opportunities. Many developed
countries have increasingly gone down the road to
deindustrialisation, such that the share of the
economy of tertiary industry is approaching 80% in
many European countries, Australia, and the United
States. This, what has been termed ‘premature
deindustrialisation” [28] has lowered the income
level in some countries, while also decreasing
employment opportunities for their low-skilled
labour force.

Research has shown that fluctuations in various
crude oil prices or changes in the oil price system
have no significant effect on the aviation stock
prices. However, the impact of the combination of
crude oil prices, in terms of their fluctuation and the
unreliability of the crude oil production system has
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Aspects Aspects

« Political aspects « Economic
include policies, aspects refer to
laws, and multiple factors
regulations such as global

economic

conditions,

] \_| macroeconomic

policies, interest

rate and
monetary
policy,
employment
situations

——

been more acutely felt by particular airlines. In other
words, airline inventory risk is extremely sensitive
to crude oil volatility and oil systems determined by
major global events [29].

2. Methodology

The research of this study is qualitative, for

which the strategic planning aspect of the airline
industry, the PEST (Political, Economic,
Sociological, and Technological Aspects) (Fig. 1.)
model is adopted as an appropriate research tool
(Fig. 2.).
PEST analysis is a framework for analyzing macro-
environmental factors, which aims to promote more
effective strategic planning through inspection,
evaluation and analysis of areas that may have an
impact on the aviation industry, which divided into
four aspects.

The data used in the research comes from
multiple  databases and related websites.
Specifically, the main sources of data collection are
the reports of IATA [30], The World Bank [31], and
International  Labour Organization, working
documents and actual conditions as well as online
versions of business journals and magazines, such
as the Aljazeera and BBC NEWS. The data used in
the research comes from multiple databases and
related websites. Specifically, the main sources of
data collection are the reports of IATA, The World
Bank, and International Labour Organization,
working documents and actual conditions as well as
online versions of business journals and magazines,
such as the Aljazeera and BBC NEWS
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Figure 2. Adopted model of PEST analysis

3. Results and Discussion
3.1. Political aspects

Travel ban (international). At the end of January
2020, several countries began to issue travel bans on
China, with the aim of avoiding the spread of the
Covid-19 outbreak. However, the virus continued to
spread globally, with the practice of lockdowns and
travel bans gradually spreading from China then to
Iran, ltaly, South Korea, Spain, the United States,
and finally, to most other countries around the
globe. On 13th May 2020, the travel ban in the
United States and Canada was extended to 21st June
2020 [31]. The disruption of travel bans on the
transnational business of airline travel is clear.
IATA (2020), in its statistical report of March 2020,
pointed out that global international RPK dropped
by 10.3% in February, reaching 55.8% by May. In
the Asia-Pacific region, it was even measured as
high as 65.5% — the largest decline ever recorded.
The decision-makers who issued travel bans did not
take into account the impact on the aviation
industry, or they largely ignored them. The
cancellation of thousands of flights heavily curbed
the cash flow of all aviation companies. At this
stage, whether or not an airline will face bankruptcy
or voluntary administration depends on how long it
can maintain its cash reserves.

Social distancing / domestic travel bans. While
travel bans brought international air travel to a halt,
the practice of social distancing further deteriorated
the industry. There have been heated debates on

whether to continue to isolate entire societies.
Medical advisers to the British government have
made it very clear that the only safe long-term route
is vaccines and appropriate combinations of drugs
[32]. Policy makers are concerned that premature
lifting of the control measures could lead to a
resurgence of the outbreak. On the other hand,
continuing lockdowns depress the economy, which
could lead to social unrest. The suspension of most
international air travel has interrupted both the cash
flows of airline companies and the physical flows of
individuals across countries. In other words, the
demand for airline travel by passengers as well as
the supply of flights by airlines have been
drastically reduced.

Globalisation versus anti-globalisation. For
decades, the processes of globalisation have been
steadily advancing, appearing to be almost
unstoppable. However, anti-globalisation
movements emerged as well, especially after the
2008 financial crisis, leading to populist political
waves. According to OECD (Organization for
Economic Cooperation and Development) data,
global trade volume and foreign direct flows shrank
by 20% in the first half of 2019, i.e. even before the
current pandemic [33]. Now, under COVID-19, the
globalisation patterns established in the past few
decades are being redrawn. Globalisation is
essentially a worldwide division of labour in the
industrial supply and demand chain, which has the
side effect that most countries have become heavily
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reliant on global supply chains for many basic
necessities. For instance, when Chinese factories
were closed due to the COVID-19 outbreak, Apple
started to delay the deliveries of iPhones, an action
that opened the eyes of people to the inherent risks
of dependence under such circumstances. Further,
globalisation not only entails financial and
economic integration, for it has also laid bare the
possibility of the rapid spread of a contagious
disease on a global level. Since 2003, several global
pandemics have erupted, such as SARS, MERS,
H1IN1, Swine flu, Ebola virus, and the Zika virus,
spreading across continents via ‘convenient’ and
‘efficient’ transportation channels [34]. Hence, it
can be argued that the modern aviation industry is a
spreader of epidemics as well.

Trade friction. Since 2018, the US-China trade
war has weighed heavily on global air
transportation, especially on the cargo industry.
Airfreight volumes fell by around 3.9% globally,
with freight tonne kilometres (FTKs) decreasing 5%
in the Asia Pacific region, which has a 35.4% share
of the world airfreight market. IATA has further
noted that the demand for air cargo fell for ten
consecutive months, a development that started well
before the current travel restrictions. In addition to
economic and trade factors, political ones have also
been playing a significant role in the current trade
friction between China and the US. The current US
president appears to be using China as a scapegoat
for the pandemic and its effects on the US. On this
pretext, it is possible for Trump to tear up the
agreement reached in January and announce new
protectionist measures, in particular, given his
forthcoming attempt at being re-elected [35].
Hence, a further escalation of the current trade
friction can be expected.

Policy enforcement. Implementation of policies
requires the acceptance and participation of the
populace as even a perfect policy cannot be
correctly and effectively implemented, if it is not
embraced by those who have to adhere to it. After
the onset of the pandemic, a large number of
lockdown policies could not be effectively
implemented due to their rejection by people. For
instance, in Australia, a large number of tourists
ignored public health warnings and visited Bondi
Beach, which caused the federal government
immediately to close the beach [36]. Regarding air
travel, the CEO of Ryanair, Michael O’Leary,

proclaimed that if he was forced to comply with the
“stupid policy” of in-flight social distancing rules,
his company’s flights would not take off [37].
Similarly, Delta Airlines largely ignored social
distancing. The lack of policy enforcement could
lead to the prolonging of the epidemic cycle, thus
slowing the speed at which society can return to
normal.

3.2. Economic aspects

Unlimited quantitative easing (QE). The circuit
breaker of US stocks was triggered four times
within 9th to 18th March 2020. In order to stabilise
the stock market, the Fed implemented a series of
financial and monetary policies. Some analysts
argue that infinite quantitative easing is a stimulant
similar to epinephrine [38], whereby a large amount
of US dollars has flowed into the capital market so
that the US dollar can depreciate. This has meant
that the operating costs of enterprises have
increased due to the features of monetary policy. At
present, commodity trading and financial settlement
under global trade largely rely on the US dollar.
Quantitative easing, as a method of ‘printing
money’, can hide inflation and pass it on to all
countries except for the United States. The global
QE and negative interest rates after the 2008
financial crisis caused significant lasting effects.
For instance, an increase in the gap between the rich
and the poor along with the rise in populism have
been major consequences. It has been reported that
the UK government’s fiscal austerity policy has
damaged the standard of living and led to the
government having insufficient policy leeway and
currency bullets to cope with a crisis [39]. Today’s
unlimited QE has not only led to inflation, for it has
also resulted in increases in the expenditures of
airlines.

Hit by the ‘Great Depression’. Demand for air
travel has always been highly cyclical, whereby
years of growth and decline in air passenger traffic
have alternated. On average, the annual passenger
traffic growth rate fluctuates between 7 to 9%. The
first negative growth in the global aviation industry
followed the 2008 financial crisis when all airlines
felt the impact of the rapid global economic
downturn. Before that, the last Great Depression
had occurred in 1929, when after the collapse of the
US stock market, a large number of Americans fell
into debt. Due to global adherence to the ‘gold
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standard’, the Great Depression gradually spread to
the entire globe [40]. The current pandemic has also
triggered economic shocks across the globe. That is,
the global economy has once again declined rapidly,
and the number of unemployed in the United States
reached a record 20.5 million in April 2020.
Moreover, a large number of offline retail stores
went bankrupt, accompanied by a rise in online e-
commerce. This structural adjustment of the
economy means that a large number of retail jobs
will not return, but the numbers of jobs that e-
commerce can provide are far lower than the offline
retail industry [41]. The continued spread of the
virus itself may prevent any meaningful rapid
recovery and hence, the world could fall into a state
of long-term economic depression.

3.3 Crude oil prices. Storage location and capacity
is one of the most critical reasons for the difference
between the two benchmarks of global oil prices.
Brent crude oil is priced in the central North Sea,
where tankers have sufficient reserves and are easily

available, whilst the WT]I oil reserves in the United
States are limited and landlocked. Another reason
for the price difference is that WTI must be
physically delivered and traders must remove crude
oil from the warehouse before contracts expire.
Other benchmark crude oils of the same grade do
not have this requirement, such as Brent crude oil
[42]. However, just as the stock market cannot
always be rising, the price of crude oil cannot fall
endlessly. As various economies have been
gradually relaxing the lockdown, or are planning to
do so, the market has already anticipated recovery
in oil demand. Moreover, Russia and OPEC have
reached an agreement to reduce production. Under
the double stimulus of increased demand and
reduced supply, the price of Brent crude oil once
again rose to US$ 30.97 per barrel [43]. The current
price of Brent crude oil as of March 2020
significantly decreased as shown in fig. 3. With the
relief of the root cause of the oil crisis, crude oil
prices are expected to increase further.

Figure 3. Brent Crude Oil Prices, $ per barrel (sources: Trading economics)

Unemployment rate. As of the end of April 2020,
the unemployment rate based on US Department of
Labour statistics had jumped to 14.7%, while in
March it was measured at only 4.4%. The total
number of unemployed in the US reached 23.1
million, with a rising trend as shown in fig. 4. The
US Department of Labour’s Chief Economist,
Betsey  Stevenson, held that the actual
unemployment rate in April 2020 may have been
close to 20% due to inaccurate classification and
biased statistics [44]. This kind of rocketing
unemployment rate has not occurred in other major
economies. Those of the United Kingdom,

Germany, Japan, and Australia have only increased
by 0.1%, whilst for South Korea, France, and Spain
this registered about 0.5%. In fact, in the two
countries where the epidemic first broke out, China
and Italy, unemployment rates even began to
decrease. The pandemic is far from over, with
governments facing a dilemma: lifting the blockade
and social distancing may lead to a new COVID-19
break-out, while prolonged restrictions could cause
unemployment and bankruptcy of businesses. Not
even a larger scale of QE policy can solve the
fundamental problem that recession will occur if
consumers cannot consume.
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Figure 4. Unemployment rate (sources: The US Department of Labour’s Chief Economist)

3.4. Sociological aspects

Fear of travelling. Public panic about the virus

outbreak is difficult to eliminate in the short term.
Primarily due to the spread of false information, in
many places both locals and tourists exhibit fear of
travelling or engaging in contact with travellers. In
India, it was reported that in some tourist hotspots,
people were finding it difficult to obtain
accommodation, because panicked hotel managers
were shutting them out. At the same time,
restaurants and taxis refused to provide services
[45]. Some travellers have cancelled their original
itinerary because of these unresolved factors.
Panic by investors. Warren Buffett is just one of
many investors. However, investors’ panic has
reached extreme levels. Just as with a panic bank
run, a panic sell-off can happen whenever there is
bad news. The impact of the pandemic on tourism
and the aviation industry is obvious to every
investor. Despite monetary policy (such as
unlimited QE) or government bailout policies
helping airlines to avoid bankruptcy and to maintain
minimum operations, whilst investors’ fears are not
allayed, the share prices of airlines in various
countries are not expected to rise back to 2019
levels.

Changing consumption value and habits.
Customers’ consumption value and consumption
habits may have changed forever. Under global
guarantine, they have been trying to deal with
uncertainty. The risk of unemployment caused by
the current crisis has made consumers’ purchasing
behaviour unstable, with many having reduced their
expenditure on non-essential products and services
S0 as to ensure coverage of necessities. Also, due to
changes in living habits, consumer behaviour has

changed. According to one survey, consumers in
almost all countries and regions covered have
increased spending on home entertainment [46].
This suggests that consumers’ consumption value
and consumption habits have probably changed for
good.

Racism and antipathy. The current epidemic has
sadly revealed racist attitudes, especially the
resentment and hatred of Asians, initially thought to
be associated with the epidemic, having reached a
peak in the United States. In the past two months,
just one council in Los Angeles has received more
than 1,100 reports of discrimination against Asian-
Americans due to COVID-19. The US
government’s extensive use of inappropriate
vocabulary and the utilisation of China as a
scapegoat to cover up the failure of its own crisis
management during the epidemic have further
exacerbated anti-Chinese and anti-Asian sentiments
[47]. This is not the first time for such attitudes
coming to the fore. In the 1980s, when the Japanese
economy was booming, and the automobile
manufacturing industry surpassed that of the United
States, Japan became a similar target of hatred [48].
Discriminatory attitudes are extremely detrimental
to the aviation industry. If they continue to spread
on a large scale, this will inevitably hinder exchange
and integration between regions, thus resulting in a
negative impact on global trade. Hence, both the
aviation manufacturing industry and the air
transportation industry are bound to be affected.
3.5. Technological aspects

Vaccines and medicines. Countries and
companies are competing to develop antiviral drugs
and vaccines at a fast pace. The US goal is to
provide hundreds of millions of vaccines by the end
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of 2020. The University of Oxford in the UK has
been collaborating with  AstraZeneca, a
pharmaceutical company, with the aim of providing
millions of vaccines by the autumn. To this end, in
May 2020, more than 1,000 patients participated in
a preliminary experiment. China has also published
research in Science Magazine relating to a vaccine
it has developed that can protect rhesus monkeys
from infection, which has been tested on 144 people
[49]. Theoretically, it will take 12-14 months from
vaccine development to mass production at the very
earliest. Given large-scale trials in the Northern
Hemisphere can be expected this summer, a vaccine
could be ready in early or late 2021. However, the
above expectations are optimistic estimates as these
reflect a timetable based on the successful
completion of each and every step. It is possible that
no effective vaccine may come out at all from these
endeavours.

Health tracking system. Some countries and
regions are currently using health tracking systems
to help prevent the spread of the coronavirus, such
as Australia’s COVID-Safe and China’s Health QR
code. The Public Health Agency of Canada is using
an existing system for tracking influenza to monitor
the spread of COVID-19 [50]. Health detection and
monitoring systems have been developed rapidly in
recent years. In particular, intelligent systems have
been proposed that focus on monitoring various
physical indicators, such as the blood pressure, heart
rate, and body temperature of patients combined
with GSM and GPS technology, to achieve 24/7
health and safety tracking and monitoring systems
[51].
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Contactless services. Consumers under the
pandemic do not want to touch anything except their
mobile phones. However, when delivering the
goods, customers can also require that the deliverer
put the goods outside the external door to avoid
face-to-face contact. The current contactless service
is still based on the procedures of the mobile
terminal of the mobile phone. Naturally, the next
step is to use robots to achieve true contactless
delivery and relevant technologies in this regard
have entered an experimental operation stage. In
China, some hotels are almost entirely serviced by
robots [52]. Even if the pandemic comes under
control, these new consumption habits are likely to
be retained.

E-commerce. The pandemic has changed
customers’ shopping preferences. Many individuals
have started to rely on online purchasing for their
daily needs, whilst businesses are factoring these
into their strategic models. Accordingly, the
demand for e-commerce has been rapidly increasing
at around 25-30% [53]. IATA’s (2020) air freight
statistics show that the demand for air cargo in
March had decreased by 15% compared with the
previous year, whilst the supply capacity had
dropped by 23%. At present, there is not enough
transportation capacity to meet the demand for air
freight, as the number of passenger aircraft
commonly used for air mail transportation has
decreased significantly by about 95% during the
pandemic. The industry-wide cargo load factor
reached a record-high for September (up 10.6ppts
vs. a year ago) (fig. 5).
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Figure 5. Industry-wide cargo load factors by region (sources: IATA, 2019)
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4. Challenges in the post-pandemic era

The challenges relating to the operational
environment of airlines are affected by
macroeconomic as well as political factors. The
drivers of change are complex and interconnected in
multiple ways, but there are still some certain
factors that will impact on the future of the aviation
industry. Based on the analysis of the existing
situation of the industry, the current policies and the
state of the macro-economy, whilst keeping in mind
the changes in light of past events, airlines are going
to have to face many challenges in the post-
epidemic era.

The development of hygiene safety standards.
The COVID-19 outbreak is an exogenous disaster.
As aforementioned, similar incidents that occurred
in recent decades have been the Ebola and Zika
viruses. The attacks on the Twin Towers on 9/11
nearly twenty years ago also affected the aviation
industry significantly. After 9/11, the United States
quickly passed the ‘Aviation and Transportation
Security Act’, leading to airports and airlines across
various countries strengthening their security
checks. Most members of the public actively or
passively accepted more stringent security
regulations. In the face of the rampant Ebola
outbreak, the World Health Organisation and other
agencies suggested that countries cooperate in
carrying out screening for passengers before leaving
or entering relevant countries [54]. In order to deal
with any possible pandemic in the future so as to
prevent a rapid spread, relevant hygiene laws and
regulations need to be promulgated, such as the
‘Aviation and Virus Quarantine Safety Act’, thus
enforcing biological security procedures.

Anticipating negative growth. Retraction of
global connections as well as economic depression
caused by the recent epidemic are expected to have
a huge impact on the global aviation industry.
Economic depression will cut the demand for global
aviation, as situation that will be further exacerbated
the likely increasing trade friction and anti-
globalisation movements. Hence, the global
aviation industry may enter a cycle of negative
growth, and various airlines could face the situation
of a ‘stock massacre’.

Extended recovery. Under the combined effect of
various factors, the aviation industry is expected to

enter a long-term ‘L-shaped’ crisis, where demand
will be the key to recovery. The recent outbreak has
caused a huge collapse in demand, while growing
unemployment has not only hit the demand for
business travel, but also lowered private
consumption. Furthermore, at present, airlines are in
a state of hibernation, with almost all international
routes having been suspended, and a large number
of aircraft grounded as of June 2020. When
lockdowns are lifted due to economic and policy
improvements, airlines will need to reintroduce
flight capacity at extremely high costs, which will
also exacerbate their operational risks and slow the
recovery speed. Also, industry and private
consumers need more time to rebuild confidence.
As a comparison, the demand for air travel fell
immediately after the 9/11 incident due to fears
regarding safety. Similarly, the SARS outbreak
caused the RPK to fall, with demand not recovering
to previous levels until well into 2004. In sum, the
lack of consumer confidence is bound to slow down
the recovery of the aviation industry [55].
Moreover, the measures taken and prevention
policies implemented in various countries are still at
different stages of development. Before ‘herd
immunity’ is acquired globally, or specific drugs
and vaccines are successfully developed, such a
differentiated pandemic prevention measures will
inevitably prevent countries from fully lifting travel
bans. The recent IATA conference pointed out that
the implementation of quarantine measures needs to
take into consideration their likely impact on the
aviation industry [56]. If demand cannot be
restored, the recovery cycle of the global aviation
industry will take longer.

The rise of transnational e-commerce and air
freight. The pandemic has seen most air passenger
traffic shut down; however, air freight traffic has
continued to operate to a certain degree. Due to the
connectivity and interdependency established over
the past few decades, global industries have become
highly dependent and complementary. The pursuit
of maximisation of profits has led to unprofitable
industries at unprofitable locations disappearing. A
large number of materials needs to be produced in
different regions; thus, air freight is utilised to
ensure that necessary materials can reach
production areas safely and swiftly.
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Trade wars and anti-globalisation forces are not
expected to damage the existing industrial
connectivity overnight. Even if the business of air
passenger transportation enters a decay cycle in the
post-pandemic era, global supply chains are
expected to stay dependent on each other for a long
time, thereby ensuring continuing demand for
passenger travel and freight delivery. In fact, IATA
expects air freight to enter a period of slow but
sustained development in the not too distant future.
Market volatility caused by airline bankruptcies,
and reorganisation and integration efforts. Whether
it is bankruptcy or voluntary administration, both
procedures entail complicated and painful outcomes
for all stakeholders involved. In times of normal
business operations, a company is expected to
produce a continuous cash flow. The recent
outbreak and the subsequent lockdowns have
interrupted the regular cash flow of airline
companies. Whilst demand has disappeared, fixed
costs and any debts have remained. Thus, for some
airlines, bankruptcy has become inevitable. At
present, airlines applying for bankruptcy have three
main characteristics: low yields, exhausted cash
reserves, and the absence of a bailout. More airlines
might follow, if global travel bans are not lifted.
Virgin Australia, which fell first, had cash reserves
to maintain operations for one month, and the
current median cash reserves of most airlines can
only to meet the demand for two months. By the end
of May 2020, the number of bankrupt and custodial
airlines due to cash flow disruption further
increased. Faced with this fact, IATA [57] has
proposed a variety of relief plans, including:
Provision of direct financial support to passenger
and freight companies to compensate for the decline
in revenue and liquidity;

Provision of loans by governments or central banks,
loan guarantees, and support for the corporate bond
market;

Provision of tax relief, and/or temporary exemption
of ticket taxes and other taxes levied by
governments.

It doubtful whether these recommendations will
be applied to the full extent and hence, airlines that
once exhibited healthy development may end up
bankrupt, in particular, if their operations and their
resulting cash flow do not return to ‘normal’ levels.

Changes in the business model of airline services.
The aftermath of previous crises witnessed the
development of LLCs (low-cost carriers). In the
post-pandemic era, the business model of airlines
may face further changes. One possibility is that in
the context of global economic contraction, the
demand for high-end business aviation might be
greatly reduced, with LLCs becoming the preferred
choice for customers due to economic
considerations. Hence, reducing operating costs can
be expected to become the main theme of airlines.
Through the application of artificial intelligence and
digital management, unmanned and contactless
operations could be realised in some aspects,
thereby reducing company personnel and related
expenses. With further technological development,
the first unmanned contactless airline may well
appear in the near future.

5. Conclusion

Due to the events triggered by the recent
pandemic and the lockdown measures taken in
response, combined with the aviation laws that
resulted from the previous crises, the following
conclusions can be drawn via the undertaken PEST
analysis: In the post-pandemic era, countries will be
expected to implement ‘aviation safety’ legislation
to deal with possible recurrences of the epidemic. It
is anticipated that the aviation industry will enter a
recession cycle, due to the economic recession as
well as trade friction.
The pandemic has eroded the confidence of
passengers in air travel, whilst rising unemployment
and other adverse economic risk factors are
expected to prolong the aviation industry’s recovery
cycle. During this new cycle, many airlines will face
bankruptcy or mergers with and takeovers of, other
companies. New business models that are more
adaptable to the trend of the times may emerge,
while firms insisting on existing business models
might well suffer. Compared to the air passenger
transport business that is expected to enter a
recession cycle, cross-border e-commerce may lead
to continuous and yet slow growth of the air freight
transport business.
The recent crisis was caused by the outbreak of
COVID-19. Even though the suffering has been
severe, the pandemic will eventually end, and a new

121



;M Veaissn:2se7-1676

5(2): 111-126 (2021)

wave of development and growth will ensue.
However, individual airlines have to survive in the
short term. At present, the primary goal of most
airlines is to resume flights, that is, restoring the
supply and demand in the market, in order to ensure
a regular cash flow. Nevertheless, restoring flights
means the lifting of lockdowns and travel bans,

which is down to the policies of various
governments and the expectations and needs of
different societies. Even if all flight routes are
resumed, a resurgence in COVID-19 cases might
see a mass cancellation of flights again.

Future recovery recommendations for the aviation industry after pandemic period

4/\

In the short term

Available in-flight safety program.

Provide non-touching services.

Upgrade of hygiene safety standards.

Reduce non-essential expenses and operating
costs.

5. Get relief money from the government,

tax relief and interest-free loans.

rpOODNDE

In the long term

=

New business model.

2. Invest in artificial intelligence, big data analysis
and digital investment and construction.

3. Air freight must be used to ensure that the

necessary material can be reach key areas safety

and quickly.

Figure 6. Recovery recommendation for aviation industry after COVID-pandemic

Recommendations in the short term:

Airlines should provide in-flight safety measures to
reduce the probability of passengers being infected
during the flight as much as possible as well as
addressing people’s fear regarding health and
safety. To reduce non-essential expenses and
operating costs, layoffs will be necessary for most
companies. However, in the current epidemic
situation, countries are doing their utmost to
control the unemployment rate, which will
adversely affect the company’s brand image and
might cause a negative social impact. As a
mitigating measure, working hours of employees
should be appropriately reduced, thus diminishing
personnel expenditure effectively, but without
resorting to laying off staff. Applying for and
advocating of bailouts by governments, tax relief,
or provision of new loans or loan extensions are
essential for providing liquidity. It is also important
to resist any possible bankruptcy by adopting
measures aimed at keeping airline companies afloat
after their original reserves have been exhausted,
until regular flights, and normal operations can be
fully resumed.

Recommendations in the long-term:

Airlines need to help governments in rebuilding

confidence in air travel. Forces of globalisation
should also be supported to curb isolationist
tendencies so as to ensure a continued expansion of
the demand for air travel.
Due to concerns relating to health, safety,
employment and economic viability customer
needs and preferences are expected to change.
Hence, airlines need to explore new business
models that are commensurate with these new
needs and preferences. Old business models may
no longer be suitable in the post-pandemic era.
Companies that do not meet the new needs of their
customers and that do not differentiate their
products and services are likely to get squeezed
out.

Ethical Approval
Not applicable
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Covid-19 Asilarimin Lojistiginde Havacilik Endiistrisinin Rolii
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Ozet

2020 yilinda tiim diinyada pandemi ilan edilmesine sebep olan Covid-19 adli viriis nerdeyse tiim diinyada uguslarin iptal
edilmesine sebep olmus, ancak bir taraftan da havacilik endiistrisinin 6nemini artirmistir. Viriisiin ortaya ¢iktig1 ilk giinden
itibaren havacilik endiistrisinin durumu koétiiye giderken, normallesme siirecinde tiim diinyada asilama ¢alismalarinin
baslamasiyla, asilarin lojistigi tartisilmaya baglanmistir. Asilarin tasinmasi ve dagitimi icin uygun kosullarin saglanmasi,
soguk zincir lojistigi ve havacilik endiistrisinin bu konudaki ¢aligmalar1 6n planda olmustur. Bu ¢aligmada, Covid-19
asilarinin lojistik siirecinde havacilik endiistrisinin nasil bir rol oynadig: arastirilmistir. Agirlikli olarak ICAO, IATA ve
EUROCONTROL’den elde edilen veriler ile havayolu ve hava kargo isletmelerinin asilarin lojistigi ile ilgili yaptig
¢aligmalar incelenmistir. Teknolojinin gelisimiyle birlikte havayolu tagimaciliginda sicaklik kontrollii konteynerler gibi
0zel ekipmanlarin kullanilmasi, énemli l¢lide bilgi ve uzmanlikla islerin yiiriitiilmesi ve kalite yonetim sisteminin
uygulanmasi vb. islemler, Covid-19 asilarinin kiiresel dagitiminda havayolu endiistrisinin tercih edilmesinde etkili
olmustur. Buna ilaveten uluslararasi havayolu ve hava kargo isletmelerinin pandeminin olumsuz etkilerinden kurtulmak
amaciyla, as1 dagitiminda yer almak i¢in ciddi ¢alismalar yaptigi tespit edilmistir. Calismada uluslararasi kuruluslarin ve
havayolu sirketlerinin kiiresel as1 dagitimina iligkin ¢aligmalar1 ortaya konulmustur.

Role of Aviation Industry in Logistics of Covid-19 Vaccines

Abstract

The virus called Covid-19, which caused a pandemic to be declared all over the world in 2020, caused flights to be
canceled almost all over the world, but on the other hand, it increased the importance of the aviation industry. While the
situation of the aviation industry has deteriorated since the first day of the virus, with the start of vaccination studies all
over the world in the normalization process, the logistics of vaccines started to be discussed. Providing suitable conditions
for the transportation and distribution of vaccines, cold chain logistics and the work of the aviation industry on this issue
have been at the forefront. In this study, the role of the aviation industry in the logistics process of Covid-19 vaccines was
investigated. The data obtained mainly from ICAO, IATA and EUROCONTROL and the studies of airline and air cargo
companies on the logistics of vaccines were examined. With the development of technology, the use of special equipment
such as temperature-controlled containers in air transport, the execution of works with significant knowledge and
expertise, and the implementation of the quality management system, etc. The transactions have been instrumental in
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favoring the airline industry for the global distribution of Covid-19 vaccines. In addition, it has been determined that
international airlines and air cargo companies are making serious efforts to take part in vaccine distribution in order to
get rid of the negative effects of the pandemic. In the study, the studies of international organizations and airline

companies on global vaccine distribution were revealed.

Keywords: Vaccine Logistics, Aviation Industry, Aviation Logistics, Cold Chain, Covid-19 Vaccines

1. Giris

Havacilik endiistrisi, diinya genelinde turizm ve
kargo talebindeki biiylime nedeniyle son on yilda
istikrarli bir biliylimeye tanik olmaktadir. Sektoriin
deger zincirinde dogrudan ve dolayli olarak
milyonlarca vasifli ve yart vasifli insan istihdam
edilerek, sektor, sosyal kalkinmaya ve ekonomik
bliylimeye katki saglayan Onemli bir kalkinma
sektori haline gelmistir. 2019 yilinin sonunda, ticari
havayolu endiistrisinin katma degerli ¢iktis1 2,7
trilyon Amerikan Dolar1 degerindeydi ve sektoriin
Covid-19 sebebiyle biiyiik zarara ugrayacagina dair
isaret bulunmamaktaydi. Ancak salgin ortaya
ciktiginda havacilik endiistrisi hizli ve sert bir
sekilde diisiise gegmistir. Diinya Saghk Orgiitii
(WHO) tarafindan 11 Mart 2020'de pandemi
ilaninin ardindan bircok havayolu isletmesi
ucaklarmi  yere indirmek zorunda kalmistir
(Rimmer, 2020: 121). Pandeminin etkisiyle yolcu
tasimaciligi durma noktasina gelirken, havacilik
isletmelerinin krizin olasi etkilerini azaltmak igin
faaliyetlerini  minumum seviyede de olsa
sirdirmeye  ¢alistiklart  gozlemlenmistir.  Bu
faaliyetlerin neticesinde hava kargo tasimacilig
artmigtir. Hava kargo tagimaciligi pandemiye karst
direng gostermistir. Yapilan aragtirmalar, havacilik
sektorliniin pandemi krizinden kurtulmasi igin orta
vadeli bir ¢6ziim olarak hava kargoya
odaklanmaktadir. Sun vd. (2021) hava kargo
tastmaciliginin, sektor i¢in yeni bir firsat olarak
goriilebilecegini ongdérmektedir. Ozellikle pandemi
sirasinda artan online aligveris teslimatlarinin
yapilmasi, yolcu ucaklarmin kargo ugagina
doniistiiriilmesi, yolcu ugaklarinda sosyal mesafe
kurali sebebiyle kabinde bos bazi boliimlerde ek
kargo tasinabilmesi gibi durumlar, bir firsat olarak
degerlendirilmektedir. Gelecekte de sektdrde bu tiir
karma operasyonlarin artacagi diisiiniilmektedir
(Sunvd., 2021: 10).

Pandeminin sektoriin  olumsuz etkilemesiyle
seyahatler, Covid-19 testleri, bazi
iilkelerdeki as1 zorunluluklari, asilarin hizli ve
giivenli dagitim1  konular1 tartigilmakta ve bu

uluslarasi

konular havacilik endistrisini yakindan
ilgilendirmektedir. Covid-19 agilarinin
gelistirilmesi  calismalariyla  birlikte  asilarin
lojistiginin glivenli dagitim1 sektdr genelinde

giindemdedir. Daha asilar bulunmamisken, krizden
etkilenen havacilik isletmeleri siiregte yer almak
icin ¢aligmalara baglamigtir.  Asilarin lojistigi

iligkin soguk zincir, asilarin tagima sekilleri, isin
hacmi, ekipmanlar, isgiici gibi as1
lojistigine iliskin konular da 6n plana c¢ikmustir.
Bununla birlikte, bu asilarin kiiresel dagitima,
nakliye ve lojistik endiistrisinin simdiye kadar

karsilastigi en biyiik lojistik zorluklardan biri

mevcecut

olarak goriilmektedir. Asilarin taginmasinda uygun
sicakliklarin ~ ayarlanmasi, tim diinyaya esit
dagitiminin ve erisiminin saglanmasi, giivenli
dagitimin gergeklestirilmesi vb. sebeplerle siirecin
kolay olmayacagi bilinmektedir. Bu c¢aligmada
Covid-19 lojistiginde ~ havacilik
endiistrisinin rolii arastirilmaktadir. Uluslararasi

asilarmin
havacilik  kuruluslarinin  basta olmak {izere
uluslararas1 havayolu ve hava kargo isletmelerinin
caligmalar1 incelenmektedir.

2. Kavramsal Cerceve
2.1. As1 Lojistigi

Lojistigin ¢ok genis bir uygulama sahasi oldugu
icin kesin bir tanimi yapilamamaktadir. Genel
olarak tedarik, malzeme yoOnetimi ve dagitim
bilesenleriyle formiile edilmektedir (Rushton vd.
2006: 4). Gegmisteki ad1 Lojistik Yonetim Konseyi
(The Council of Logistics Management-CLM) olan
Tedarik Zinciri Yonetimi Profesyonelleri (Supply
Chain  Management  Professionals-CSCMP),

ginlimiizde kabul goren lojistik
Buna gore lojistik; miisterilerin

tanimini
yapmuslardir.
ihtiyaglarini karsilamak iizere iriinlerin {iretildigi
noktadan, son kullanimimin bulundugu tiikketim
noktasina kadar olan tedarik zinciri igindeki
malzemelerin, servis hizmetlerinin ve bilgi akisinin
etkin ve verimli bir sekilde iki ydne dogru

hareketinin  ve depolanmasinin, planlanmasi,
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uygulanmasi ve kontrol edilmesidir (CSCMP,
2021). Mallarin, hizmetlerin ve ilgili bilgilerin ¢ikis
noktasi ile tiikketim noktas1 arasinda verimli, etkili
ileri ve geri akisim ve depolanmasini planlayan,
uygulayan ve kontrol eden tedarik zinciri
yonetiminin bir parcast olarak lojistik sistemini
yonetmek uzmanlik gerektirmektedir. Buna ilaveten
gida ve ilag sektoriindeki {riinlerin lojistigi ise
iriinlerin ~ yapist geregi farkli uygulamalar
gerektirmektedir. Belirli {irin gruplarinda basta
tasimacilik olmak tizere lojistik siireglerin tiimiinde
1sinin gerekli olan diizeylerde tutulmasi sarttir ve bu

Soguk zincir, ¢ok cesitli gida, farmasotik ve
kimyasal irlinleri bozulmadan; sicakliga, neme
veya 1s18a uygun sekilde hazirlayan, bir diger
ifadeyle donmus, sogutulmus ve taze halde tutmak
icin koruyan bozulabilir maddelerden olusan bir
tedarik zinciridir (Chaudhuri vd., 2018: 840). Soguk
zincir; kimyasal iiriinler, gida, balik ve sicakliga
duyarlt her tiirlii gabuk bozulan mallarin taginmasini
kapsamaktadir. Soguk zincir, 1s1 takibi gerektiren
tibbi iirlinler i¢in de olduk¢a Onemlidir. Cabuk
bozulabilir triin olarak kabul edilen ilaglarin,
sadece tasinma siireclerinde degil eczane veya ilag
depolarinda bekletilirken de ortam sicakliginin
belirli diizeylerde olmasi gerekmektedir. Ayrica
yapimi devam eden arastirma safhasindaki ilaglarin
laboratuvarlar arasindaki hareketleri ve tagsima
stirecleri daha hassas olarak takip edilmektedir
(Ipekgi ve Tanyas, 2021: 47).

Covid-19 salginiyla birlikte tekrar 6n plana ¢iktig
goriilmektedir. Ancak son 30 yildir as1 tiriinlerinin
ve malzemelerinin tagimmasini  koruma ve
yonetmede as1 tedarik zincirlerinin rolii bilyiik
Olciide kabul gormiistiir (Zaffran vd., 2013: 77).
Asilarin depolanmasi ve nakliyesi sirasinda ne

Tablo 1. As1 Tedarik Zinciri Onerileri

sekilde sabit sicaklikta tutulabilecegi yillardir sorun
olarak goriilmektedir. Ornegin, agilarim soguk zincir
boyunca yiiksek veya diisik sicakliga maruz
kalmamalar1 i¢in sicakligin siirekli izlenmesi
gerekmektedir (Giiltekin ve Karadag, 2021: 23).
Soguk zincir, asgilarin ulusal diizeyden yerel diizeye
kadar saglik  hizmetlerine uygun sekilde
saklanmasini ve dagitimini saglayan bir dizi kural
ve prosediirii icermektedir. Soguk zincir, asilarin
giiclerini korumak i¢in Onerilen sicakliklarda
saklanmasina izin veren sogutma ekipmani ile
birbirine baglidir. Tedarik zinciri ise, her saglik
tesisinin asilarint ve girdilerini dogru zamanda,
dogru miktarda, dogru kosullarda ve sicakliklarda
almasini saglamak icin olusturulmus bir sevkiyat
cizelgesini takip eden asilarin ve diger bagisiklama
programi girdilerinin dagitimini ifade etmektedir
(www.poho.org).

Astlarin Lojistiginde Karsilasilabilecek Zorluklar
islevselligini korumasi i¢in uygun kosullar altinda
taginmas1 ve depolanmasi sarttir. Bu siirece soguk
zincir faaliyetleri de dahil oldugunda hem maliyet
hem de zaman agisindan biiyiik zorluklar ortaya
¢ikmaktadir.

Lee ve Haidari (2017), ast tedarik zinciri
sorunlarinin anlagilmamasinin ve uygun sekilde ele
alinmamasinin, herhangi bir agiin etkisini biiyiik
Olciide  azaltabilecegini ifade etmektedirler.
Dolayisiyla bir as1 piyasaya ¢ikmadan c¢ok once
tedarik zinciri sorunlarini dikkate almak gerektigini
vurgulamaktadirlar. Bununla ilgili tablo 1°de
aktarildigr gibi, as1 siirecinde tiim karar vericilerin
(saglik calisanlari, as1 paketi tasarimcilari,
depoloma ekipmami ireticileri, bilgi sistem
uzmanlary, fon saglayicilar vb.) as1 tedarik
zincirlerini daha iyi anlamasimma ve ele almasina
yardimci olacak on oneri gelistirmislerdir (Lee ve
Haidari, 2017, 4475-4479).

Oneriler

Olasi Eylem Ornekleri

Tedarik zinciri sorunlar1 hakkinda -
farkindalig1 artirin -

Bilimsel literatiirde daha fazla as1 temini ¢aligsmasi
Genel medyada tedarik zincirleri hakkinda daha fazla haber (or.

haberler ve belgeseller)
- Karar vericiler i¢in tedarik zinciri sorunlarina iliskin politika 6zetleri

ve raporlar

- Tedarik zinciri sorunlarina odaklanan sosyal medya ¢alismalari
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Tedarik zinciri ilkeleri ve uygulamalar
konusunda c¢esitli karar vericileri egitin

Tedarik  zinciri  uzmanlarimi  ve
degerlendirmelerini tiim a1 karar verme

siire¢lerine dahil edin

As1 karar vericileri ve asi1 tedarik zinciri
uzmanlari arasindaki iletisimi gelistirin

Tedarik zincirlerini degerlendirmeye ve
farkli politikalari, miidahaleleri ve
teknolojileri test etmeye yardimci olmak
igin sanal laboratuvarlar olarak hizmet
edin, kiiresel ve iilke diizeyinde tedarik
zincirlerinin  hesaplamali  simiilasyon
modellerini gelistirin

Astyla ilgili biiyiik kararlarin (6rnegin
finansman, yeni politika degisikligi,
yeni ag1 tanitimi, vb.) bir kosulu olarak
ilgili tedarik zincirinin haritalanmasini
ve modellenmesini; yeni politikanin,
miidahalenin, teknolojinin etkisi ve
degerinin, fonun olusturulmasini
saglayin

Yeni teknolojinin  tasarimina  ve
gelistirilmesine rehberlik edecek hedef
iiriin profilleri (TPP'ler) olusturmak i¢in
tedarik zinciri modellerini ve diger
analizleri kullanin

Bir as1 kararlar1 veri tabani gelistirin ve

tedarik zinciri hususlarinin ve

Daha fazla tedarik zinciri ‘diisiince liderleri ve sozciileri’

Tedarik zinciri derslerini halk sagligi, tip ve kamu politikas1 lisans
programlar i¢in miifredata dahil edin

Tedarik zinciri alaninda olmayanlar i¢in tedarik zincirleri hakkinda
giincel ders kitaplar1 ve diger egitim materyalleri edinin

Tiim kariyer seviyelerindeki profesyoneller i¢in yogun kisa kurslar
diizenleyin

Hesaplamali simiilasyon modellemesi gibi sistem yOntemlerini
derslere ve ders materyallerine dahil edin

Atolye calismalari, ¢evrimigi kurslar vb. gibi alternatif 6grenme
yontemleri ve yaklasimlar: gelistirin

As1 gelistirme ve karar vermenin tiim asamalarinda tedarik zinciri
uzmanlarini dahil edin (6rn. komitelere ve diizenleyici kurumlara
dahil olmak)

Farkli ag1 teknolojilerini, politikalarini ve stratejilerini
degerlendirirken tedarik zincirleri tizerindeki etkiyi 6nemli bir sonug
Olciisii olarak ele alin

Tedarik zincirinin kararlar iizerindeki etkisini ve bunun tersini
anlamak i¢in hesaplamali modellemeyi kullanin

Tedarik zinciri uzmanlarinin farkli komitelere, konferanslara,
toplantilara vb. entegre edilmesini saglayin

Karar vericilerin ve tedarik zinciri uzmanlarinin isbirligi
yapabilecegi online veri paylasim siteleri ve iletisim portallar
olusturun

Tedarik zinciri diinyasi ile astyla ilgili diger disiplinler arasindaki
dili uyumlu hale getirin

As1 geligtirme ve karar vermenin her asamasinda hesaplamali
modelleme ¢aligmalari i¢in kaynak saglaymn

Hesaplamali modellemeyi as1 karar vermenin farkl tiirleri ve
asamalarinda entegre edin

Hesaplamali modelleme araglarini karar vericilerin kullanimina
sunun

Teklif taleplerine, bagvurulara veya diger karar alma belgelerine
gereksinimleri belirleyin

Sonraki adimlar, gelecekteki karar verme siirecini yonlendirebilecek
olan haritalama/modelleme sonuglarina bagli olmalidir

Bu tiir harita ve modellerin periyodik olarak giincellenmesi i¢in
mekanizmalar olusturun

Istenilen ve yeni teknolojiler igin TPP'lerin kurulmasini saglayin
Tedarik zinciri, bu TPP'lerin bir pargas1 olmalidir
TPP'ler yeni teknoloji gelistirme i¢in planlar olarak hizmet etmelidir

Veritabani, her durumda biiyiik bir as1 ve tedarik zinciri ile ilgili
degisiklik yapilmasini igermelidir
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degisikliklerin bu  kararlar1  nasil

etkiledigini 6grenin

Bir tilkenin tedarik zincirine as1 kararlari
verirken nasil yaklasilabilecegine ve
iyilestirilebilecegine dair bir oyun kitab1
gelistirin ve yayinlaymn

Bu degisiklikleri iilkelerde sistematik
olarak uygulamaya baslayn, etkilerini,
degerini belgeleyin ve yayimnlayin

Veritabani, karar vericilerin neyin basarili olup neyin olmadigini ve
ilgili zorluklari, engelleri ve faydalart anlamalarina yardime1 olmali
Giincel veri tabani, daha fazla vaka ¢aligmasi girildik¢e gelisebilir
olmalidir

Bir as1 tedarik zincirinin nasil degerlendirilecegi ve iyilestirilecegi
konusunda adim adim kilavuz modelleri (6rnegin, tedarik zincirini
haritalayin ve modelleyin, darbogazlari, kisitlamalar1 ve veri
bosluklarimi belirleyin, gerekli verileri toplayin, ilk asamada farkli
degisiklikleri, politikalari: ve miidahaleleri test edin) ve ardindan pilot
calismalarda, degisiklikleri uygulayin, izleyin ve dgrenin

Baska yerler icin bir plan olarak hizmet etmek iizere bir dizi 6rnek
iilkede oyun kitabini test edin ve gozden gegirin

Karar vericileri oyun kitabinin kullanimi konusunda egitmek icin
calistaylar, kurslar vb. diizenleyin

Degisikliklerin etkisini (6r. verimlilik ve hastalik etkileri) tahmin
etmek ve siiregteki zorluklar1 ve potansiyel iyilestirmeleri belirlemek
icin gozlemsel ¢aligmalar, modelleme ve diger yaklagimlari kullanin
Her yeniden tasarim siirecinin (paydas katilimi, uygulama ve etki
degerlendirmesi dahil) ayrintilarini ve gelecekteki yeniden tasarim
cabalarinda karar vericilere rehberlik etmek i¢in alinan dersleri igeren

raporlar1 ve bilimsel literatiirii yayinlayn.
Kaynak: Lee, B.Y. ve Haidari, L.A. (2017). The Importance of Vaccine Supply Chains to Everyone in the
Vaccine World. Vaccine. 16; 35(35 Pt A): 4475-4479.

Giiltekin ve Karadag (2021), Covid-19 salgini
kapsaminda as1 soguk zinciri ile ilgili yaptiklar
arastirma sonucunda, asilarin tasinmasina Vve
saklanmasina iliskin en onemli hususun en kisa
siirede ve en az maliyet ile uygun sicakliklar altinda
soguk zincir faaliyetlerinin  gergeklestirilmesi
oldugunu ifade etmislerdir. Ozellikle Covid-19
salgimm gibi tim insanligin {iizerinde olumsuz
sonuglara sahip olan pandemi donemlerinin en kisa
siirede ve en az maliyetle atlatilmasi i¢in bunun
saglanmas1 gerekmektedir. Bu siirecin basarisi igin
iilkelerin ortak hareket ederek salginin sona
ermesinde ¢Oziim olan asilama programlarinin
basarili sekilde gerceklesmesi igin as1 soguk zincir
faaliyetlerinin uygun ekipman ve aragclarla,
donanimli, nitelikli ve bilgili insan kaynagi ile
etkili, sekilde
gerceklestirmesi gerektigi goriilmektedir (Giiltekin
ve Karadag, 2021: 38).

Duijzer vd. (2018) ortaya koyduklari bir
caligsmada, as1 tedarik zincirinde hem arzda hem de

givenli ve saglikli  bir

talepte yiiksek belirsizlik oldugu ifade edilmistir.
Tedarik¢iler arasinda hedeflerin yanlis belirlenmesi
ve merkezi olmayan karar verme, halk sagligi
organizasyonu ve son miisterinin; tahsise iligkin
karmasik siyasi kararlar ve zamaninda karar verme

ve eyleme ge¢cme durumu siireci etkilemektedir. Bu
dogrultuda as1 tedarik zincirinde dort bilesen ortaya
koyulmaktadir. Bunlar (Dujizer vd., 2018: 175);

1. Uriin: Ne tiir bir as1 kullanilmalidir?

2. Uretim: Kag doz ve ne zaman iiretilmelidir?

3. Tabhsis: Kimler as1 olmalidir?

4. Dagitim: Asilar nasil dagitilmalidir?

As1

Uriin, iretim, tahsis ve dagitim etkili olmaktadir.

lojistiginde karsilasilabilecek zorluklarda,

Uriiniin  yapisi, hangi tiirde bir as1 oldugu,
iretiminin ka¢ doz olacagi ve iiretimin yapildigi
andan itibaren kimlerin as1 olacagi ve bu kisilere
asilarin nasil dagitilacagi kritik sorulardir. Lojistik
stirecinin basarisinda bu sorularin cevaplanmasi ve
birbirleriyle baglantili olarak siirecin yonetilmesi
gerekmektedir.

2.2. Covid-19 Asilarimin Lojistik Siireci
Covid-19 pandemisi tim diinyada sosyal hayati
durma noktasina getirerek sosyal mesafe, izolasyon,
karantina  uygulamalarina  sebep
Pandemiyi ortadan kaldirmak i¢in tiim diinyada as1

olmustur.

calismalarina oncelik verilmis ve pandemiden

tamamen kurtulmanin yolunun her bireyin
asilanmasi oldugu ifade edilmistir. 2020 Subat
aymda Diinya Bankasi asmin gelistirilmesi,

gelismekte olan {ilkelerde de asilarin satin
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alinmasin1 ve iilkelere dagitimini finanse etmek
adina 20 milyar dolar fon  ayirmistir
(www.worldbank.org). Viriisiin ilk ortaya ¢iktigi
andan itibaren viriise karsi etkili bir asinin
bulunmasi ¢aligsmalar1 siirerken, bulunan bir asinin
nerdeyse 8 milyarlik diinya niifusuna vaktinde
ulagiminin saglanmasiin nasil olacag tartisma
konusu olmustur. Yapilan arastirmada (1) Diisiik
iiretim kapasitesi (2) Yetersiz soguk hava depolari
(3) Asilama siiresi, yetersiz personel, asiya direng
konular1 aginin Oniindeki engeller olarak tespit
edilmistir (Tidey ve Ademoglu, 2020). Daha asi
bulunmamisken, asimmin basarili olup olmayacagi
bilinmezken, as1 iiretiminin nasil olacagi, tiim
diinyaya dagitimi, lojistigi, depolanmasi vb. gibi
konular giindemde olmustur.

Tim diinyada virlise kars1 etkili asi bulma
caligmalart stirdiiriiliirken, hiikiimetler, uluslararasi
kuruluslar, medya araciligiyla tiretimden, dagitimin
hizindan ve kiiresel olarak diinyanin her bolgesine
erisimden s6z etmeye baglanmigtir. Bu siirecte as1
caligmalarinda {i¢ Onemli zorunluluk ortaya
konulmustur: (1) hiz (2) iretim ve genis Olcekte
dagitim (3) kiiresel erigsim (Yamey vd, 2020: 1405).
Pandemi devam ederken, etkili asinin miimkiin
oldugunca erken bulunmasinin, diinyadaki tiim
ve bireyler

edilmigtir.

hiikiimetler, sektorler, isletmeler
onemli oldugu ifade

Ekonominin, saglik sisteminin, egitimin ve sosyal

acgisindan

hayatin iyilesmesi agisindan etkili aginin hizh
bulunmasi sart olmustur. Diger bir zorunluluk ise
kabul edilen asilarin tretimi ve iiretilen asilarin
dagitilmas1 siirecidir. Bir diger ifadeyle asilarin
lojistik siirecinin nasil olacaginin belirlemesidir.
Mart 2021 yilinda Kashte vd. (2021) tarafindan
yapilan aragtirmada 172 klinik dncesi gelisimde ve
60 klinik gelisim asamasinda olan 232 aginin
mevcut oldugu ve sadece 9 aginin ise farkli iilkeler
tarafindan acil kullanim izniyle onayladigi ifade
edilmistir. Bu iilkelere Birlesik Krallik (Ingiltere),
Amerika Birlesik Devletleri (ABD), Kanada,
Rusya, Cin ve Hindistan dahildir (Kashte vd., 2021:
711). Diinyada kullanilmaya baglanan ve kisa
siirede kiiresel dagitimi baglanan asilar tablo 2’de
verilmistir.

Tablo 2. Covid-19 As1 Markalari

As1— Marka Ad1 Ureten Ulke / Firma

Sinovac - Coronavac Cin

Asist

Pfizer — Biontech Asisi Almanya

Sputnik V Asis1 Rusya

Sinopharm Asis1 Cin

Johnson&Johnson Asis1 —

Amerika Birlesik Amerika Birlesik

Devletleri Devletleri

Moderna Asist Amerika Birlesik
Devletleri

Astrazeneca Asist Astrazeneca Sirketi ve

Oxford Universitesi

Kaynak: https://www.medicalpark.com.tr/covid-
19/hg-2536
Modern asilarin  gelisimine ragmen, Bati

diinyasinda asiya kars1 fikir hareketleri gelismistir.
Asiya acikca karsi ¢cikan hareketlere ek olarak, bazi
anketler, Bat1 iilkelerindeki insanlarin 6nemli bir
yiizdesinin, bir Covid-19 agsisin1 onaylandiktan
sonra bile asiy1 olmakta tereddiitlii oldugu sonucuna
ulasilmistir. Ankete katilanlarin baslica endisesi, as1
onay siirecinin, glivenlik ve etkililigi diizglin bir
sekilde olusturmak i¢in zaman ayirmadan ¢ok hizli
ifade edilmistir.  Asilarin
etkinliginin ne derece etkili oldugu bilinmeden, iilke

ilerlemesi  olarak
hiikiimetlerinin yaptig1 as1 cagrilarinin ise bu
giivenin artmasina yardimci olmadigr yoniindedir
(Forni vd., 2021: 636). Viriisiin ortaya ¢iktig1 andan
itibaren hiikiimetler as1 konusundaki ¢alismalarin
hizlandirilmasi desteklemistir. Ama viriise karsi
etkili bir as1 bulunsa bile, agilarin uygun taginma
kosullarinda tiim diinyaya erisiminin saglanmasi
kolay degildir. Asilarinin dagitiminin zaman alacagi
ve bu siireci hizlandirmak adina calismalarin
baslatilmasi gerektigi belirtilmigtir.

Asilarin hangi iilkeler tarafindan iiretildigi ve
kiiresel olarak hangi iilkeler tarafindan kullanildig
g6z Oniine alindiginda, pandeminin ilk giiniinden
itibaren konusulmaya baslanan as1 lojistik siirecinin
asillarin dagitim kolayligin1 etkileyen en Onemli
faktor soguk zincirin sicakligidir. Asilar, -20°C'de
(6rnegin, Moderna'dan mRNA 1273, Rus Sputnik V
asisiin ilk yinelemesi) veya 2°C ile 8°C arasinda
(cogu AstraZeneca—Oxford Universitesi AZD1222
adenovirlis dahil) saklanmakta ve taginmaktadir.
Bunlara Johnson & Johnson'dan JNJ-78436735
dahildir (James, 2021: 211). Buna ilaveten asilarin
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lojistiginde,  uzaktaki  dretim  alanlarindan,
kullanilan ulasim modu depolarina (karayolu,
havayolu, denizyolu vb.) ve son depolama
noktalarindan tip ekiplerine gotiiriilmesine kadar
her asamasi, riskli  bir lojistik  eylem
gerektirmektedir. Daha viriisiin etkilerinin ne
oldugu tam olarak tespit edilememis, as1
bulunamamisken, asilarin tiim diinyaya erigimi ve
lojistigi, havacilik endiistrisinin dikkat c¢ektigi
konulardan biri olmustur. Covid-19 sebebiyle ciddi
zarar goren havacilik endiistrisi, krizden c¢ikis
stratejilerini  ararken, havacilik
kuruluglar1 tarafindan asilarin kiiresel dagitimina
iligkin cagrilar baglamistir. Bu siire¢, asilarin

bulunmasiyla hiz kazanmig ve havacilik isletmeleri,

uluslararasi

agilarin lojistigi i¢in ¢aligmalarina baglamistir.

3. Yontem

Bu makalede nitel arastirma yoOntemlerinden
durum g¢alismasi yontemi uygulanmistir. Literatiir
taramasi yapilarak as1 lojistigi ve soguk zincir siireci
aciklanmig, bu lojistik siirecinde karsilagilan
zorluklar siralanmistir. Covid-19 siirecinde as1
stirecinin nasil oldugu, bulunan asilar ve bunlarin
kiiresel dagitimi arastirilmigtir. Covid-19 asilarinin
lojistiginde havacilik endiistrisinde nasil bir yol
izledigini ortaya koymak amaciyla uluslararasi
havacilik kuruluslarindan ICAOQO, IATA,
EUROCONTROL, FAA ve ACI tarafindan agilarin
lojistigi i¢in tiim paydaslara (iilke hiikiimetlerine,
havayolu operatorlerine vb.) sunulan Oneriler
incelenmistir. As1 lojistiginde sektdr igin hangi
zorluklarin  oldugu, neler yapilmasi gerektigi
aktarilmistir. Buna ilaveten tiim diinyada havayolu
yaptiklar1 ¢caligmalar ortaya konulmusg ve havacilik
endiistrisinin ast  lojistigi rolii
degerlendirilmistir.

4. Covid-19 Asilarinin Lojistiginde Havacihk
Endiistrisinin Rolii
Hava tasimaciligmmm, karayolu, denizyolu,
demiryolu gibi diger ulasim modlar1 arasindaki
onemi hizla artmaktadir. Hizli teslimat, teknolojiyle
birlikte gelistirilen ugaklar ve ekipmanlar, ugus

sayilarinin  artmasi1  vb. olanaklar havacilik
endistrisinin  cazibesini  tagimacilik
arttirmaktadir. Covid-19 siirecinde ise havacilik

sektorii sekteye ugrasa da, havacilik isletmeleri

alaninda

faaliyetlerini siirdiirmek adma bir taraftan ugus
faaliyetlerine devam etmis, bir taraftan da salginla
iligkili uyum  saglamistir.
Uluslararasi havacilik kuruluslari, havayolu ve hava
kargo sirketleri, Covid-19 salgininin yarattig krizin
olarak, kiiresel asi
caligmalarinin baglamasiyla asilarin dagitimi igin
ciddi calismalar baslatmustir.

diizenlemelere

cikis stratejilerinden  biri

4.1. Uluslararas1 Havacihik Kuruluslarinin Rolii

Hava tagimacilifi, zamana ve sicakliga duyarh
dagiim sistemleri aracilifiyla asilarin normal
zamanlarda dagitiminda kilit bir rol oynamaktadir.
Sektoriin, Covid-19 asilarinin hizli ve verimli bir
sekilde taginmasi ve dagitimi igin ¢ok Onemli
oldugu 6n goriilmektedir. Ancak islerin basarili
yiirtitilmesinde  hiikiimetlerin enddistri
paydaslarinin destegi gerekmektedir. Dolayisiyla
agilarin lojistiginde uluslararasi hava kuruluslarinin

caligmalar1 dikkat gekmektedir.

veE

ICAO (International Civil Aviation Organisation)

Covid-19 asilar1 yiiksek degerli gonderiler
olarak kabul edilmektedir ve asilarin lojistiginde
tehlikeli madde diizenlemeleri esas alinmaktadir.
Asilarin sogutucu olarak kuru buzla gonderildigi
veya veri kaydedicilerin ve kargo takip cihazlarinin
paketlere dahil edildigi veya paketlere eklendigi
durumlarda, asilarin tasinmasi Teknik Talimatlarin
ayritil hiikiimlerine uygun olmasini
gerektirmektedir. ICAO, Tehlikeli Maddelerin
Hava Yoluyla Giivenli Tasinmasina Iliskin Teknik
Talimatlara (Doc 9284, Teknik Talimatlar) uygun
olarak hazirlandig1 siirece, asilarin operatorler
tarafindan tasinabilecegini ifade etmistir. ICAO
tarafindan asilarin lojistiginde paketleme konusu
dikkat ¢ekmektedir. Asilarin paketlemesinde ilgili
Ogeleri ve bunlarin operatorler tarafindan hangi
tehlikeyi igerdigi tablo 3’de gosterilmektedir
(www.icao.int).
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Tablo 3. As1 Paketlerinin Lojistiginde ilgili Ogeler ve Tehlikeleri

As1 Paketlerine liskin Ogeler

Tehlike Aciklamasi

As1 bileseninin kendisi

Lityum pillerle calisan ve ugak sistemlerine miidahale
etme potansiyeline sahip elektromanyetik radyasyon
yayan veri kaydediciler ve kargo takip cihazlart

Asinin taginmasinin izlenmesinde kullanilan

dataloggerlar ve kargo takip cihazlar

Kuru Buz

Operatdr paketin igerigini bilmeyebilir — ¢ogu ast
paketi, bu sekilde isaretlenmemis olsa bile bir veri
kaydedici igerir.

Covid-19 farmasétik ambalajlarimin kullanim veya
yeniden kullanim igin taginmasi i¢in, operatdrle, bu
sekilde isaretlenmemis olsalar bile, lityum pille
calisan cihazlarin yapisini ve miktarint igermesi
gereken Onceden diizenlemeler gereklidir.

Operatdr paketin icerigini bilmeyebilir.

Operatdr tarafindan bilinmeyen kabul edilebilir
aktarimlarla ilgili 6zel ayrintilar.

Bu tiir cihazlardan kaynaklanan elektromanyetik
radyasyonun ugak sistemlerine miidahale etme
potansiyeli
Kuru buzun
konsantrasyonlarda  gaz
sonuglanabilir.

siiblimlesmesi, ucaklarda Onemli
halinde CO2 ile

Gaz halindeki CO2, ugak kompartimanlarindaki
oksijenin yerini alacak ve yolcularin solunum
yeteneklerini etkileyebilir.

Yiiksek CO2 konsantrasyonlari, biligsel igleyisin
taninmayan bozulmasina ve bogulmaya neden
olabilir. Havadaki oksijen miktarin1 degistirerek ve
seyrelterek bogulmaya neden olur, hipoksiye
(oksijen eksikligi) yol acar ve beyin isleyisi icin
toksiktir.

Kaynak: https://www.icao.int/safety/OPS/OPS-Normal/Pages/VVaccines-Transport.aspx

Asilarin lojistiginde ilgili diger 6gelerin dogru
ve uygun kosullarda tasinmasi
Dolayisiyla ICAO tarafindan agiklanan tehlikelerin

Onemlidir.

incelenmesi ve operatorler tarafindan uygulanmasi
gerekmektedir. Buna ilaveten her bir 6genin giivenli
taginmasi i¢in ast gibi génderilerin havacilikla ilgisi
olmayan giivenlikle ilgili tehditlerden (yani cezai
tehditlerden)  korumaya  yonelik  tedbirlerin
uygulanmas1 da gerekmektedir. Sivil havaciligt
yasadis1t miidahale eylemlerine karsi korumak igin
uygulanan havacilik giivenlik 6nlemlerinden 6diin
verilmemelidir. Bu nedenle, hiikiimetlerin ve
paydaslarin birbirleriyle koordineli olarak farkli
riskleri ele almasi tavsiye edilmektedir. Uygun
oldugu takdirde, bu koordinasyon Devletin Ulusal
Sivil Havacilik Giivenlik/Kolaylagtirma Komiteleri
tarafindan istlenilebilir. Etkilenen tiim varliklar
arasinda saglam bir iletisim siirecinin iyi olmas1 da
onemlidir (www.icao.int).

Devletler, nakliye sirasinda Covid-19 asilariin
genel giivenligine uygulanabilecek hiikiimlere
iligkin diger uluslararast kuruluslar ve endiistri
kuruluslar1 tarafindan yayinlanan ydnergeleri
dikkate almak isteyebilirler. Devletler, Covid-19
agilarinin havalimanlarinda hareketini
kolaylastirmak i¢in ¢esitli operasyonel paydaslarla
yakin isbirligi i¢inde olmali ve beklenmedik
durumlara (6rnegin, Covid-19 asilar1 tasiyan
ucaklarin  yoniinii degistirme) uyum
planlarini dikkate almalidir.

saglama

IATA (International Air Transport Association)
Normal zamanlarda, bilyilk miktarda mal
tasimak i¢in mevcut hava baglantilar1 ve lojistik
aglar  kullanmilmaktadir. ~ Uluslararasi
Tasimaciligr Birligi'ne (IATA) gore, havayollar

Hava

tipik olarak diinyadaki kargonun yaklasik yarisim
ve tlm e-ticaretin yaklasik yiizde 80'ini hava
yoluyla tasimaktadir. Covid-19 pandemisini ise
normal bir zaman olarak ifade etmek miimkiin
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degildir. Havayolu sektorii pandemi sebebiyle en
cok etkilenen sektorler arasinda yer
almigtir. Nerdeyse bir gecede hava baglantisi durma
noktasina gelmistir (SATAIR, 2021). IATA,
pandemi devam ederken ve daha Covid-19 asist
bulunmamisken, asilarin tiim diinyaya teslimatinin
en uygun kosullarda saglanmasi i¢in hazirliklarin
baglamas1 gerektigini ve asilar onaylanip dagitima
hazir hale geldiginde teslimatin boyutunun
muazzam biyiikliikkte olacagina dikkat ¢ekmistir.
Sadece 7,8 milyar kisiye tek bir doz vermek, 8.000
adet 747 kargo wucaginin dolacagi anlamina
gelmektedir. Kara tagimaciliginin, 6zellikle yerel
diizeyde {iretim kapasitesine sahip gelismis
ekonomilerde yardimci olabilecegi ve Onemli
miktarda hava kargosu kullanmadan agilarin kiiresel
olarak teslim edilmesinin miimkiin olmadig:
konusuna dikkat cekilmistir
(www.kargohaber.com). Dolayisiyla agilarin hava
yoluyla tagmmmasinda potansiyel olarak ciddi
kapasite kisitlamalar1 ile karsilagsmamak adina,
endiistri paydaglariyla ve hiikiimetlerle birlikte
planlamanin ¢ok dikkatli bir sekilde yapilmasi s6z
konusu olmustur. Ozellikle lojistik zinciri genelinde
isbirliginin son derece 6nemli oldugu ve tesislerde,
giivenlik diizenlemelerine ve iilke sinir siireglerine
yonelik diizenlemelerde hazirliklarin  yapilmasi
Oonem kazanmistir. Bu hazirliklara iligkin IATA
tarafindan Oneriler asagidaki gibi agiklanmigtir
(www.iata.org);
Tesisler: Uriiniin kalitesini saglamak igin asilar,
kontrollii sicakliklarda ve gecikmeden uluslararasi
diizenleyici gerekliliklere uygun olarak ele alinmali
ve taginmalidir. Hala pek ¢ok bilinmeyen durum
(doz sayisi, sicaklik hassasiyetleri, liretim yerleri
vb.) olsa da, faaliyet 6lgeginin ¢ok genis olacagi,
soguk zincir tesislerine ihtiyag duyulacagi ve
kiiresel teslimatin yapilacagi ortadadir. Bu dagitim
icin tesislerin hazirlanmasina yoénelik oncelikler
sunlar1 icermektedir:

- Sicaklik kontrollii tesislerin ve ekipmanlarin
mevcudiyeti - mevcut altyapinin kullanimini
veya yeniden amacglanmasimi en iist diizeye
cikarmak ve gecici yapilari en aza indirmek

- Zamana ve sicakliga duyarl asilari islemek i¢in
egitilmis personelin mevcudiyeti

- Asilarm biitiinliigliniin korunmasini1 saglamak
icin giiclii izleme yetenekleri

Giivenlik: Asilar ¢cok degerli

olacaktir. Gonderilerin kullanim dig1 hale gelmesi

urtinler

veya calinmasiin engellenmesi igin diizenlemeler
yapilmalidir. Kargo gonderilerini giivende tutmak
igin siire¢ler mevcuttur, ancak as1 gonderilerinin

potansiyel hacminin Olgeklenebilir olmalarini
saglamak icin erken planlamaya ihtiyac¢
duyulmaktadir.

Smir Siirecleri: Saglik ve giimrilk makamlariyla
etkin bir sekilde calismak; zamaninda diizenleyici
onaylar, yeterli glivenlik 6nlemleri, uygun isleme ve
giimriikten gegme olanaklari i¢in gereklidir. Covid-
19 6nlemlerinin bir pargast olarak birgok hiikiimetin
islem siirelerini artiran 6nlemler aldig1 g6z oniinde

bulunduruldugunda, bu o6zel bir  zorluk
olabilir. Sinir  siiregleri i¢in Oncelikler sunlar
icermektedir;

- Covid-19 asisin1 tasiyan operasyonlar igin
istten ucus ve inis izinleri i¢in hizli takip
prosediirlerinin tanitilmasi

- Kargo tedarik
saglamak i¢in ucus ekibi {iyelerini karantina
gerekliliklerinden muaf tutmak

- Kisitlamalarin gecerli olabilecegi Covid-19
agilarini tastyan operasyonlar igin gegici trafik
haklarinin desteklenmesi

- En ag  operasyonlarin
kolaylastirmak ve as1 tagiyan personeller igin

zincirlerinin ~ korunmasini

esnek  kiiresel

calisma saatlerinde sokaga ¢ikma yasaklarinin

kaldirilmasi
- Gecikmeler  nedeniyle  olast  sicaklik
sapmalarint  onlemek i¢in bu hayati

gonderilerin varigina oncelik verilmesi
- Agmnin hareketini kolaylastirmak i¢in tarife

indiriminin dikkate alinmast

IATA  “Guidance  for  Vaccine and
Pharmaceutical Logistics and Distribution” adl
rehberde,
yasam bilimlerinin ve tibbi tirlinlerin biiyiik 6l¢ekli
elleclenmesi, tasinmast ve dagitimma iliskin

yaymladigi asilarin, farmasoétiklerin,

aciklamalar1 yayinlamis ve operatorler tarafindan
dikkate alinmasini dnermistir (www.iata.org).

EUROCONTROL
Traffic)
EUROCONTROL, Avrupa havaciligim
desteklemeye adamis bir pan-Avrupa, Sivil-
askeri organizasyondur. Uye
paydaslarini (hava seyrisefer
saglayicilari,

(European Passenger  Air

devletleri ve
hizmeti
askeri hava sahasi
kullanicilari, havaalanlari

iireticileri  vb.) Avrupa’da

sivil  ve
ve

havaciligi

ucak/ekipman
daha
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giivenli, daha verimli, daha uygun maliyetli ve
minumum maliyetle yapmak i¢in ortak bir caba
icinde desteklemektedir. Covid-19 pandemisiyle
birlikte kurulus, Avrupa’daki trafik
durumuna iliskin  diizenli kapsaml
degerlendirmelerini yayinlamis ve havacilik
operatdrleri icin Onerilerini
(www.eurocontrol.int).

2021 Ocak ayinda EUROCONTROL, Covid-19
agilarinin hava yoluyla giivenli ve verimli bir

hava
ve

yapmistir

sekilde taginmasina yonelik uyumlu bir yaklagimi
koordine etmeye ve asilarin hizli dagitiminm
saglamaya destek vereceklerini duyurmustur.
Ozellikle kritik as1 ucuslar1 i¢in hava trafik akis
yonetimini (ATFM) kolaylagtirmak oOnemlidir.
Bununla ilgili Avrupa hava navigasyon hizmeti
saglayicilar1 (ANSP'ler), havayollar1, havaalanlar
ve Federal Havacilik idaresi ile yakin igbirligine
girmistir. Baz1 asilar icin teslimat gecikmesinden
kaginmak ¢ok oOnemlidir ve 2021'den itibaren
ugus operatorlerinin, ugus planlarinda kritik asi
uguslart i¢in o6zel bir kod (“STS/ATFMX
RMK/VACCINE”) kullanmas1 planlanmstir.
Avrupa agina veya transatlantik rotalara erisim
planlarin1 dosyalayan temel as1 tasimalar1 olarak
bu sekilde isaretlenen uguslar, EUROCONTROL
Network Manager (NM) sistemleri tarafindan
otomatik olarak taninmaktadir ve uguslarda
verilmektedir

miimkiin  oldugunca 0dncelik

(Brennan, 2021).

FAA (Federal Aviation Administration)

Tiirk¢e adryla Federal Havacilik Idaresi Amerika
Birlesik Devletleri (ABD) Ulastirma Bakanligi’na
bagli, ABD hava sahasi iginde, genis anlamda
havacilikla ilgili her tirlii ucak, ugus, {iiretim,
miidahale, etkinlik ve gecerli giivenlik mevzuatlarin
takibini ve uygulanmasini kontrol eden, hava
giivenligini saglayan kurulustur (O’Neil ve Krane,
2011: 98-99).

Covid-19’un halk saglig1 igin tehdit olmasindan
itibaren FAA, kritik tibbi malzemelerin ve
personelin hava yoluyla gilivenli ve verimli bir
sekilde tasinmasim saglamak icin paydaslariyla is
birligi igerisinde ¢alismalar yiiriitmistiir. Asilarin
giivenli ve verimli ulagimi saglamak ic¢in 2020
yilmin  Ekim aymmda Covid-19 As1 Ekibi’ni
olusturmustur. As1 Ekibi, FAA planlamasim
koordine etmek ve Covid-19 agilarmi tagiyan
ucuslara hazirlikli olmak i¢in ¢ok disiplinli, entegre

bir yaklasimu benimsemektedir. Kurulan ekip;
fikirleri, basarilar1 ve zorluklar1 paylagsmak ve
diinya ¢apinda gelistirilmekte olan Covid-19
asilarinin hava yoluyla taginmasini saglamak igin
bilgi toplamakta ve dis paydaslarla baglantt
kurmaktadir. Potansiyel sorunlar ortaya ¢iktikca da,
ozellikle risk yonetimi, ucusa elverislilik, ucus

operasyonlari, acromedikal, hava trafik
kontrolivhava  sahasi  yOnetimi,  havalimani
isletmeciligi, tehlikeli madde tagimaciligi ve

iletisim alanlarinda, olasi sorunlari ve sonuglari
aragtirmak ve ecle almak i¢cin mevcut FAA
politikalarini ve prosediirlerini kullanmaktadir.
ihtiyag vardir ve bu ihtiyag, hava tasimaciliginda
tehlikeli madde olarak algilanan kuru buz ihtiyacini
dogurmaktadir. FAA, biylik miktarlarda kuru
buzun hava kargoda giivenli bir sekilde taginmasi
icin mevcut diizenleyici gerekliliklerin uygulanmasi
konusunda rehberlik saglamak iizere iireticiler, hava
tastyicilart ve diger havacilik paydaslariyla birlikte
calismaktadir. Asilarin hava yoluyla tasinmasiyla
ilgili giivenlik tehlikelerinin azaltilmasina ek
olarak, hava seyriisefer hizmetleri destegine yonelik
ek ihtiyaclari belirlemek i¢in ugrasilmaktadir. Buna
ilaveten Covid-19 asilar tagiyan uguslara 6ncelik
verilmesinin yani sira hava kargosunun sorunsuz bir
sekilde hareket etmesini saglamak i¢in 24 saat hava
trafik hizmetleri sunmak ve gerekli personeli
saglamak igin ¢alisilmaktadir (www.faa.gov).

ACI (Airports Council International)
Covid-19 asl ekipmanlarin
sevkiyatlarinda havalimanlari 6nemli bir merkezi

surecinde ve

rol  oynamaktadir.  Dolayisiyla  havalimam

isletmecileri, tesislerinde gerceklesen lojistik
stirecle ilgili faaliyetleri kolaylastirma ve koordine
etmede etkilidir. Havalimani isletmecileri kiiresel
as1 dagitim siirecinin ortaya ¢ikaracagi bazi
zorluklarin stesinden gelmek zorundadir. Bu
dogrultuda isletmecileri tarafindan

planlama siirecinde gozden gegirilmesi ve analiz

havalimani

edilmesi gereken operasyonel, emniyet ve giivenlik
konularma iligkin tavsiyeler verilmistir. Bunlar
asagidaki gibidir (Www.aci.aero);

Operasyonel konular

- Agilarm biiyiik ¢ogunlugunun, iriinleri tireten
bolgelerden hava kargo ile dagitilmast
muhtemeldir. Bu durum, iretim tesislerine
yakin havalimanlar1 veya ana dagitim merkezi
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olarak belirlenecek havalimanlar1 i¢in ucak
trafik akislarinda ani artislara  neden
olabilir. Uretim tesislerine yakin veya merkez
olarak belirlenmis havaalanlar1 tarafindan,
kritik tedariklerdeki olasi gecikmelerin en aza
indirilmesi amaciyla, ucak hareketlerindeki
artiglarin veya 6nemli degisikliklerin etkileri
dikkate alinmalidir.

Havalimanlariin {iretim tesislerine yakinlik
veya dagitim merkezi olarak belirlenmis
olmalar1 nedeniyle ugak hareketlerinde artis

bekledigi durumlarda, havalimani
isletmecileri,  gegici  slotlarin  tahsisini
kolaylastirmak ic¢in slot koordinatorii ile

koordinasyonu saglamali ve herhangi bir etkiyi
(gece ucuslarindaki artiglar ve yerel topluluklar
tizerindeki potansiyel etkiler vb.) dikkate
almalidir.

Biiyiik hacimli farmasétik dereceli soguk veya
ultra-soguk  malzemeleri  depolamak ve
yonetmek icin donatilmig havaalan1 kargo
tesislerine, as1 dagitimi igin giris noktalar
olarak ihtiya¢ duyulacak ve bu merkezlerden
daha sonra bir merkezde dagitilabilecek ve bu
merkezlerden konuslandirilabilecektir. Nihai
varls noktasina olan yakinliga bagli olarak,
bolgesel as1 dagitim yontemi, ek hava kargo
ucuslart  veya karayolu tasimaciligiyla
yapilabilir. Bu nedenle, {iriiniin hareketindeki
gecikmeleri en aza indirmeye odaklanarak, bu
dagitim merkezlerinin igindeki ve digindaki
ucak hareketleri veya karayolu yiik trafiginin
hacmindeki artislar dikkate alinmalidir.

Merkezlerden  yapilan  uguslarin  varig
havalimanlarinin bazilart her zaman soguk
zinciri  korumak i¢in tam  donanimli

olmayabilir. Bunun bireysel havaalanlar igin
yaratabilecegi operasyonel ve tesis ihtiyaglari
ile bu ihtiyaglar1 karsilamak igin yerel olarak
kurulabilecek ortakliklar veya
dikkate alinmalidir.

isbirlikleri

Emniyet Konulari

Bazi agilarin her zaman -70 santigrat dereceye

kadar  diisik  sicakliklarda  saklanmasi
gerekeceginden, nakliye siirecleri boyunca
ultra  soguk zincirin  korunmasi  esas

olacaktir. Bu diisiik sicakliklar siirdiirmek igin
bliylik hacimlerde kuru buz kullanilmasi

gerekir ve kargo lojistigi stirecinde yeterince
elleclenmedigi takdirde risk olusturabilir.
ICAO teknik kilavuzuna (Doc 9284) gbre kuru
buz "tehlikeli bir mal™ olarak kabul edilir ve bu
nedenle ucakta tasinmasi, 6zellikle izin verilen
hacimlere gore diizenlenir. Bununla birlikte,
gerekli olacak hacimlerle baglantili bazi
asilarin ultra-soguk gereksinimleri géz Oniine
alimdiginda, kati protokollere uyulmasi
kosuluyla tek bir ugakta taginabilecek kuru buz
hacmini artirmak i¢in ICAQ'da tartigmalar
devam etmektedir. Onemli miktarda kuru buz
tagiyan bir u¢agin karistig bir olay veya kaza
durumunda, Havaalan1 Kurtarma ve Yanginla
Miicadele (ARFF) miidahalesinin uyarlanmasi
gerekebilir.

Ana merkezlerden kalkan ucguslarin alici
ucundaki havalimanlarina biiyiikk miktarlarda
ekipmanin  gonderilmesi, ugus
normalde  havaalaninda

as1  ve
operasyonlarinin
isletilenlerden daha biiylik ugaklar tarafindan
gerceklestirildigini  gorebilir. Bu, giivenlik
riskleri olusturabilir ve normal havaliman
bozabilir. Normalde
havalimaninda faaliyet gosteren ucaklardan
daha Dbiiyilk ucaklar1 barindirmak igin
operasyonel ve giivenlik yonlerine 6zel 6nem
verilmelidir.

Standart igletim prosediirlerinde degisikliklere

operasyonlarini

ugrayacak olan as1 dagitim operasyonlarindan
etkilenecek olan havalimanlar1, tehlikeleri
belirlemek ve hafifletme 6nlemleri uygulamak
icin genel degisiklikler ve etkilerin bir emniyet
riski degerlendirmesini yapmalidir.

Giivenlik Konular

Asilara olabilecek yiiksek diizeyde talep ve
baslangigtaki arz acigi, kotl niyetli kisi veya
gruplar tarafindan bir miktar dikkat ¢ekme
potansiyeline sahiptir. Bu mallarin ve/veya
onlar1 barindiracak tesislerin daha fazla
korunmasina dikkat edilmesi gerekmektedir.
Cogu durumda bu, yerel giivenlik yetkilileriyle
koordinasyonu ihtiyacin1 dogurmaktadir.

Baz1 bolgelerde kendilerini goriiniir kilan “asi
karsit1” gruplar vardir. Bu gruplar, asilarin
hava kargo tesisleri iginde veya c¢evresinde
taginmasi ve depolanmasi i¢in esit derecede
tehdit olusturabilir.
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As1 dagitim operasyonlarindan etkilenecek
havalimanlari, ilgili kuruluslarla bir risk ve
tehdit degerlendirmesi yapmali ve yeterli etki
azaltici onlemlerin uygulanmasini
saglamalidir.

4.2. Havayolu Sirketlerinin Rolii

Ozellikle havayolu sektoriiniin Covid-19 6ncesi
donemde istikrarli  bir  sekilde  biyidigi
bilinmektedir. Covid-19 pandemisinde endiistri,
yolcu talebindeki diisiisten olumsuz etkilenmistir.
Covid-19 pandemi siirecinde ise havayollarinin
gelirleri agirlikli olarak kargo tasimaciligindan elde
edilmigtir (Choi, 2021: 4). Covid-19 igin as1
caligmalarinin baglamasiyla uluslararas1 havacilik
isletmeleri, havayolu ve hava kargo operatorleri igin
tavsiyelerini ~ vermistir. ~ Dolayisiyla  yolcu
tasimacilifindan ¢ok kargo tasimaciligindan elde
edilen gelir, asilarin tim diinyaya tagimmasinda
havacilik isletmelerini harekete gegirmistir.

Uluslararas1 havayolu sirketleri, ilk dagitilacak
olan Pfizer ve Moderna ilag firmalar1 tarafindan
gelistirilen Covid-19 asilarim1 tagimak icin ultra
soguk nakliye ve depolama tesisleri kurulmasi igin
girisimde bulunmustur. Hava Kargo Birligi'nin son
arastirmasina gore hava kargo isletmeleri, ilag
tagima sektoriiniin sadece ylizde 15’inin Pfizer
tarafindan gelistirilen ve eksi 70 derece soguk
ortamda tasinmasi gereken Covid-19 asilarinin
nakil ortaya
koymustur. Yine ayni arastirmaya gore, Moderna
ilag sirketinin gelistirdigi ve eksi 20 derece soguk
ortam gerektiren asiy1r tasiyabilecek ulagim
sirketlerinin orani ise yiizde 60 oldugu ifade
edilmistir (EURONEWS, 2021).

Avrupa'nin 6nde gelen havayollari, koronaviriis
pandemisine yanit olarak diinya ¢apinda Covid-19
agilari, temel ilaglar ve tibbi cihazlar saglama
konusundaki tarihi gorevinde UNICEF'e yardim

islemlerini  {istlenebilecegini

edenler arasinda yer almistir. European Havayollari,
Covid-19 agilarin1 diinya capinda tagimak igin
UNICEF ile giiglerini birlestirmistir. Briiksel
Havayollar1, Lufthansa Cargo, Air France, KLM
Martinair Cargo ve Cargolux, 100'den fazla iilkeye
kritik tedarik saglayacak Insani Hava Kargo
Girigimi'ne katilan havayolu isletmeleri arasinda
yer almaktadir (Www.un.org).

DHL (Dalsey, Hillblom ve Lynn) ve McKinsey,
tiim diinyada asilarin ulagimi i¢in 15.000’e kadar

ucus gerekecegi tahmininde bulunarak ¢aligmalara

baglamis ve Amerika Birlesik Devletleri’ndeki
havayollari, UPS, PedEx, DHL gibi biiyiik lojistik
sirketleri tedarik zincirinin 6nemli bir parcasi olmak
icin isbirligi yiritmeye baslamiglardir (Black,
2021).

Covid-19 agilarinin  lojistiginde, tasinmasi
gereken biiyiik hacimler, soguk zincir gereklilikleri,
beklenen teslimat sayisi ve rota ¢esitliligi goz oniine
alindiginda, havayolu ve hava kargo isletmelerinin
bu silirecte Onemi biyiiktiir. Buna ilaveten
teknolojinin ~ gelisimiyle  birlikte  havayolu
tasimaciliginda sicaklik kontrollii konteynerler gibi
0zel ekipmanlarin kullanilmasi, 6nemli lgiide bilgi
ve uzmanlikla islerin yiiriitiilmesi ve kalite yonetim
sisteminin uygulanmasi vb. islemler, Covid-19
agilarinin kiiresel dagitiminda
endiistrisinin tercih edilmesinde etkili olmustur.

havayolu

rol oynadigi sGylenebilir. Hem havayolu ve hava
kargo isletmelerinin hem de havalimanlarinin bu
konuda ¢alismalar yiiriitmesi desteklenmistir. Cool
Chain Assocation (CCA), Tiirk¢ce adiyla Soguk
Zincir  Dernegi, havalimanlarinin  Covid-19
agilarmin  dagitimina hazirlanmas1  degisiklik
yonetimi matrisi hazirlamistir. Bu matrise gore, bir
asinin bir havaalanindaki yolculugunun, farklh
asamalarinda sicaklik gereksinimlerine,
paketlemeye, tahmine, miktara ve Zzaman
cercevesine bagliligina dikkat edilmektedir. Buna
ilaveten tedarik zincirinin olast kilit noktalara,
egitim gereksinimlerine, emniyet ve giivenligin
yant sira tedarik¢i risk yonetimine ve kaliteye
odaklanmasina yardimer olacak bilgileri bir araya
getirilmesini
(www.globalcoldchainnews.com).
Covid-19 asilarinin lojistiginde her tiirlii olasi

saglamaktadir

Havacilik
iliskin

risklerin azaltilmas1 gerekmektedir.
endiistrisinde asilarin lojistigine
riskleri azaltmak

karsilagilabilecek olasi icin

asagida siralanan konulara odaklanmak
gerekmektedir (wwwe.airlines.iata.org);

- Operasyonel zorluklar

- Uyulmasi gereken standartlar ve gereksinimler

- Egitimli ve bilgili personele sahip olma

gerekliligi

- Altyapimin yani sira 6zel ekipmana sahip olma
gerekliligi

- Saglam risk degerlendirmelerini gdzden
gecirmenin  ve  gerekirse  ayarlamanin
saglanmasi
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Havayolu ve hava kargo isletmeleri, siirece
iligkin her tirli riskleri azaltmak ve biyik
hacimlerde a1 tasimak igin ¢abalamaktadir. Ciinkii
bu siirece katilmak, pandeminin olusturdugu
krizden kurtulmak ig¢in bir bir firsat olarak
degerlendirilmektedir. Nitekim havacilik
sektoriinde bir kazan-kazan durumu séz konusudur.
[IATA'ya gore, yaklasik 46.400 6zel kargo ugusu,
pandeminin ilk dalgasi sirasinda bagsta tibbi
ekipman olmak iizere 1,5 milyon ton kargo
tagimigtir.  Yolcu trafiginin  2020'de  yiizde 67
oraninda diismesiyle , havayollar1 yolcu ugaklarini
kargo ugmak i¢in kullanmiglar ve 6zellikle maske,
onliik, diger kisisel malzemeler gibi tibbi
malzemeleri tasimislardir (Www.blog.satair.com).

Tiirkiye’nin bayrak tastyici havayolu isletmesi
Tirk Hava Yollar yoneticileri tarafindan, asinin
ihtiyag duyacagi tiim saklama ve tagima kosullarin
saglayacak donanima sahip oldugu ve diinyanin
neresinde olursa olsun, asilarin ulastirilmasina hazir
olduklari ifade edilmistir (www.trthaber.com).

Tirkiye’de kiiresel hava kargo operasyonlari
diizenleyen ve diinyanin 127 iilkesine hizmet veren
Turkish Cargo, Covid-19 as1 siirecinde ciddi
basarilara imza atmistir. Bombay, Briiksel, Istanbul,
Singapur, Brezilya, Dubai, Basel, Londra ve
Amsterdam  gibi ve  sertifikali
destinasyonlara ilag tagiyan Turkish Cargo, 400'den

Onemli

fazla destinasyon arasinda global bir ila¢ koridoru
olusturmustur. Turkish Cargo, asi, ilag ve sicaklik
kontrollii kargo tagimaciliginda artan talebi
karsilamak i¢in ilave 1200 metrekare alana sahip
akill
sokmustur. Ayrica sektdrdeki en biyilik aktif

sicaklik  kontrollii depolar1  devreye
konteyner tedarikgileri ile ¢alisarak soguk zincir
tasima kapasitesini ylizde 30 artirmus ve ilave 150
ucaga hizmet verebilme kapasitesi ile soguk zincir
sevkiyat Olgegini aylik 25 bin tona yiikseltmeyi

bagarimistir (www.turkishcargo.com.tr).
5. Sonugclar

2020 yilinda tiim diinyada pandemi ilan
edilmesine sebep olan Covid-19 adli viriis kiiresel
havaciliga ciddi zarar vermistir. Pandemiden
kurtulmak amaciyla asilarin gelistirilmesi ve tiim
diinyaya dagitimi, ciddi bir lojistik
giindeme getirmistir. Konuya iliskin uluslararasi

surecini

havacilik kuruluglari, agilarin tiim diinyaya
dagitiminda hava kargo ve havayolu sirketlerine

hazirhk  ¢agrilarinda  bulunmustur. Havacilik

endistrisinde asilarin dretildigi noktadan,
kullaniminin bulundugu tiiketim noktasina kadar
olan tedarik zinciri i¢indeki malzemelerin, servis
hizmetlerinin ve bilgi akisinin etkin ve verimli bir
sekilde iki yone dogru hareketinin ve
depolanmasinin, planlanmasi, uygulanmasi ve
kontrol edilmesi i¢in ¢alismalar baslatilmistir.
Asilarin hava yoluyla tasimmasinda operasyonel
olarak (1) Planlama ve Tedarik, (2) Depolama ve
[zleme

son

Dagitim, (3) Soguk Zincir, ve
Degerlendirme, (4) As1t Gilivenligi ve Kalite
Y Onetimi calismalarina odaklanilmistir.

Pandeminin olusturdugu krizden c¢ikis stratejisi
olarak degerlendirilen asilarin lojistik siirecinde
havacilik endiistrisi ciddi rol oynamistir. IATA'ya
gore, yaklagik 46.400 6zel kargo ucusu, pandeminin
ilk dalgas1 sirasinda basta tibbi ekipman olmak
tizere 1,5 milyon ton kargo tagimistir. Havacilik
sektoriinde, Ozel sicaklik kontrollii depolar, ilag
bakim ekipleri, aktif konteynerler ve termal
tastyicilar gibi endiistriyel c¢ozlimler iiretilmis,
tedarik zinciri ve soguk zincir sirdiiriilebilirligi
saglanmustir.

Kiiresel dagitim zincirinde yer alan ¢ok sayida
paydasin  yani as1
kampanyalar1 i¢in gerekli olan siringalar ve diger

sira havacilik endiistrisi,

tibbi ekipman dahil olmak tizere bu asilarin biiyiik
dozlarmin hizli ve giivenli bir sekilde teslimini
kolaylastirmada kilit bir role sahip olmustur. 2020
yilim1 biiyiik krizlerle atlatan havacilik isletmeleri,
Covid-19 agilarim1  hizla  gelistirmesiyle
tasimaciliga baglamasiyla, 2021 yilin1 biraz normal

\4

gecirdigi sOylenebilir. Ancak Covid-19 viriisiine,
yapilan asilarin koruyucu etkisine kars1 belirsizligin
devam etmesi ve virlisiin tam olarak ortadan
kalkmamig olmasi, endiistrinin hem operasyonel
hem de ekonomik anlamda toparlanmasinin heniiz
miimkiin olmadigin1 géstermektedir.

Etik Kurul Onay1
Gerekli degil.
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Abstract

Aviation is a form of transportation that is developing rapidly. The rapidly growing aviation sector has started to be
preferred by people because it is advantageous compared to other modes of transportation in terms of both time and
passenger comfort. As people prefer aircrafts more as a means of transportation, airline companies have started to grow,
have placed new aircraft orders and continue to give. However, the most important issue that will never be compromised
in the face of this rapid growth is undoubtedly flight safety. Studies have shown that, the human factor is around 70% is
affected the accidents and incidents in aviation. For this reason, the human factor is important in aviation, and everything
from the working hours of the employees, the time to spend on the way to and from work, and even the rest time, has
become arule by international aviation organizations. For this reason, in this thesis, it is aimed to measure the stress levels
of pilots, which are one of the most important parts of the aviation industry, to observe how their inner world is in business
life and also to measure how these levels affect pilots' job satisfaction. As a result of the research, a significant relationship
was found between the stress levels of the pilots and their job satisfaction levels.

Keywords: Stress, Job Satisfaction, Pilot, Aviation, CRM.

1. Introduction

Aviation has continued and continues to develop
and grow continuously since its first appearance.
During this development and growth, due to bad
experiences, necessary rules emerged and
precautions were taken. Studies have shown that the
human factor is 70-80% in  aviation
accidents/incidents. For this reason, the importance
of human factor in the aviation industry is very
great. Various measures have been taken to keep the
human factor at the lowest level in aviation. The

most important of these measures is CRM. Due to
the intense and stressful work done, the stress factor
has a serious effect on the pilots. With this study, it
has been shown how the stress factor on the pilots
affects the job satisfaction levels of the pilots.

The aim of this study is to measure the stress
levels of pilots, one of the most important parts of
the aviation industry, and to measure how much
these levels affect the job satisfaction of the pilots.
The importance of this study is that it is an assistant
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that will guide the measures to be taken by airline
companies or authorized authorities in line with the
data obtained.

2. Literature Review
2.1. Job Satisfaction and Its Importance

Various studies and definitions have been made
for Job Satisfaction, which was first put forward by
Hawthorne studies [1] between 1924-1933 [2].
While Koustelios defines job satisfaction as the
satisfaction of employees with their work [3]
Luthans defines it as “a person's appreciation of
his/fher job or work-related life as an event that
results in a pleasing or positive feeling” [4].
According to the definition made by Weis in 2002,
job satisfaction is an emotional reaction to the job
situation [5]. In 2011, Aziri explained job
satisfaction as “the success of the employee on the
work he/she has done and the sense of success
he/she feels as a result of success” [6].

Job satisfaction is important because of the
results obtained in working life. As a result of the
researches, it has been seen that not only the work
life but also the personal life of the person is
negatively affected by the low level of job
satisfaction, that is, being dissatisfied with the work
done [7].

The most important accumulation of an
enterprise has been the human resources working
within it. The suitability of the human resources
working in the enterprise in terms of quantity and
quality is also important in terms of the employment
policies implemented by the company, as it will
positively or negatively affect the job satisfaction
levels of the individuals [8].

2.2. Results of Job Satisfaction

Positive or negative results emerge in the face of
the job satisfaction levels that the employees feel in
line with the work they do. Job satisfaction is also
important for the company, as these results will
affect not only the employee but also the company.
Although it seems that job satisfaction only affects
the employee when observed from the outside, it is
known that the workplace is also affected [9].

Studies have shown that employees are both
satisfied with their work and have a high level of job
satisfaction, and that both the health status of the
employees are good and their stress levels are low.

However, with the low level of job satisfaction, that
is, the employees are not satisfied with the work
done, it has been observed that the employees have
physical symptoms such as headache, nausea and
fatigue. If this negative situation continues, it has
been observed that serious consequences such as
heart attack, ulcer and high blood pressure ocur [9].

Apart from their health status, it has been
observed that the intention to leave the job increases
when the job satisfaction level is low. It has been
observed that if the employees are satisfied with and
love their job, they do the job with pleasure and do
not want to be away from the job for a long time.
However, with job dissatisfaction, it has been
observed that they do not do their jobs with pleasure
and they intend to leave as soon as possible. It has
been observed that after an employee leaves the job
as a result of job dissatisfaction, there is uneasiness
and enervation among the remaining employees,
and as a result of this situation, the company has
cost problems [8].

It has been observed that with the increase in the
level of job satisfaction, the success levels of the
employees also increase. As a result of the increase
in the success of the employees, it has been
observed that their job satisfaction levels have
increased thanks to the high wages, promotions or
awards they have received, and that they have
worked more faithfully in their workplaces and they
do not want to leave the job [10].

2.3. Job Satisfaction in Aviation

The existing and strictly enforced rules in
aviation have emerged as a result of bad experiences
as a result of accidents/incidents or other events in
the past years and continue to be applied in this
direction. There is a saying, "The rules in aviation
are written in blood", which shows that the rules
applied in aviation were obtained as a result of bad
experiences. Aviation is a sector with high stress
level and workload due to its structure. According
to the researches, it is shown that 70% to 80% of the
accidents in aviation are caused by human beings
[11].

In a 2003 study on job satisfaction in aviation, it
was shown that those working in large airlines had
higher job satisfaction levels than those working in
small airlines. The reason for this situation is that
employees of major airlines get promoted faster,
earn more money, have higher job guarantees and
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have a higher sense of trust in the companies they
work for [12].

In a study conducted in 2012, it was shown that
there is a negative relationship between the stress
levels of Air Traffic Controllers and their job
satisfaction levels, and that the level of job
satisfaction decreases with the increase in the stress
level [13]. In another study, it has been shown that
the level of job satisfaction is higher due to the fact
that aviation sector employees receive more salaries
than other sectors, and the roles and duties of the
employees are clearer [14].

2.4. The Concept of Stress and Its Importance

In today's modern world, people have brought a
serious amount of movement and speed in their
working and social lives. In this way, stress has
become inevitable as a result of an active and fast-
paced life. Among the problems caused by the
working life of the modern world, stress has been
the most important issue since it affects everyone in
working life [15].

Various definitions of the concept of stress have
been made. While Ivancevich and Matteson explain
the stress as “an adaptation reaction that results from
a random influence, dimension, or event that has
physical or mental consequences on the person, and
is revealed by personal characteristics or mental
processes” [16], Ciiceloglu explained it as “the
physical and mental straining of one's limits due to
the negative conditions coming from the
environment™ [17].

2.5. Work Life and Stress

With stress being inevitable in the modern
world, it has been stated that the source of stress is
the work environment where employees spend all
their days. It is seen that employees in stressful work
environments are mentally tense, cannot get along
with their colleagues, and show maladaptive
personality traits. For this reason, there are features
such as worrying, being unhappy, being in the
middle of making decisions, acting impatiently,
being touchy, always being critical, not being able
to offer constructive suggestions, not showing
priority, not working in depth, not showing
empathy, and forgetfulness in people with high
stress levels [15].

When the stress factor is evaluated in terms of
the success of the employees in their business life,

it is seen that there are four basic factors. These four
factors [18];

- Since work life is a major source of stress,
it has a negative impact on employees.

- Stress sources outside of business life begin
to affect business life over time.

- While continuing the job, the employee
tries to get out of the stressful environment
he is in at the same time.

- Success or low level of success at work can
be a cause of stress. It is possible for the
employee to see his/her work as a direct
source of stress.

2.6. Relationship Between Stress

Performance

and Job

When the employees experience stress in their
work lives, a negative effect begins to occur on the
employees and causes the employees to be less
productive at their work. As a result of the stress
experienced, both the employee and the company
are negatively affected and work efficiency
decreases. As a result of the decrease in work
efficiency, it is observed that the job satisfaction
level of the employees decreases [19]. It has been
observed that employees at work environments with
high stress levels are mentally tense, cannot get
along with the people around them, and are
incompatible. As a result, it was stated that job
dissatisfaction emerged [15].

Studies have shown that with the increase in the
level of stress experienced in the work environment,
the level of job satisfaction felt decreases [20]. As a
result of the research conducted by Zincirkiran and
others, a significant relationship was found between
stress and job satisfaction [21]. On the other hand,
in a study conducted among research assistants in
2017, the relationship between stress and job
satisfaction was investigated, and as a result of the
research, it was shown that stressful working
environments negatively affect the level of job
satisfaction [22].

2.7. Stress factor in Aviation

In the study, in which stress sources affecting
flight crews were investigated and how stress
affects flight crews, the characteristics of the job,
being appreciated or promoted, relationship with the
manager, financial opportunities, relationship with
the team and family life were shown as sources of
stress. Among these stress sources, the highest rate
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was financial situation and lack of appreciation. In
addition, it was observed that job satisfaction levels
decreased as a result of the stress of the flight crew
as a result of these situations [23].

According to another study, it has been shown
that pilots cannot fully use the knowledge and skills
they have under stress and flight safety is
endangered. In addition, it has been shown that this
situation negatively affects the Crew Resorce
Management (CRM) of the pilots and causes
disruption of the order among the crew. CRM
deficiency was also cited as the cause of the
Tenerife accident, which was the biggest accident in
the history of civil aviation and caused the death of
583 people in 1997 [24].

In another study on pilots, it has been shown that
the reasons such as monitoring all the systems at the
same time, controlling and managing the crew, and
providing continuous communication, all the
controls of a passenger and fuel-filled aircraft flying
thousands of feet high and flying at a speed of
hundreds of knots, are a source of stress on the
pilots. It has been stated that as a result of this
situation, which causes stress on the pilot, the
performances of the pilots are negatively affected
[25].

In a study conducted with 101 airline pilots, it
was shown that the stress levels of pilots with 8 or
more years of experience were higher. In addition,
workload redundancy and task conflict have also
been shown as sources of work stress. In addition,
in the same study, it was shown that the work
performance of the pilots was negatively affected by
the stress they experienced [26].

3. Methodology

In this study, in which data were collected by
guestionnaire (survey) method, a 7-question scale
developed by House and Rizzo was used as a stress
guestionnaire. As a result of the confidence analysis
for stress questionnaire, the Cronbach Alpha value
was found as 0.861. The questions used in the stress
scale are as follows;

- My job is prone to directly affect my health.

-l work under quite a lot of tension.

- | feel irritable because of my job.

- My health would probably be better if | had
a different job.

- Problems with my job are causing me to
have trouble sleeping.

- | feel nervous before meetings held at my

company.

- Even though | am doing other things when

I am at home, | often think about work-
related issues.

Minnesota Job Satisfaction Scale was used for
job satisfaction. As a result of the confidence
analysis for job satisfaction questionnaire, the
Cronbach Alpha value was found as 0.956. The
questions used in the job satisfaction scale are as
follows;

From my current job, in terms of,

- always pleasing me,

- being able to work alone,

- the chance to do different things from time

to time,

- giving a chance to be a respective person in

society,

- the way my manager handles people on his

team,

- my manager’s ability to make decisions,

- having a chance to do things that are not

against my conscience,

- giving me a steady job,

- giving me the opportunity to do things for

others,

- having a chance to tell people what to do,

- having a chance to do something using my

own skills,

- implementation of business decisions,

- the work | do and the wages | get for it,

- having the opportunity to be promoted in

the job,

- giving me the freedom to make my own

decisions,

- giving me the chance to use my own

methods while doing my job,

- working conditions,

- my co-workers’ agreement with each other,

- recogniting for a job well done,

- feeling of success in return for what | have

done.

As the universe of the research, pilot license was
given by the General Directorate of Civil Aviation
under the Ministry of Transport and Infrastructure
of the Republic of Turkey and the pilots actively
working in the airlines were determined. A total of
119 returns were made to the questionnaires sent,
and the results of the research were reached with a
sample of 119 people. This number was found to be
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sufficient due to the time limitation of the research
and the inaccessibility of all pilots in Turkey. The
data obtained by the questionnaires were analyzed
in the SPSS 22 program and ANOVA, Correlation
and Regression Tests were applied. As a result of
the tests, if the p value is greater than the alpha value
of 0.05, it is said that there is a significant
relationship between the two variables.

It is known that the stress experienced in the
work environment causes job dissatisfaction in
people. When it is known that pilots also experience
serious stress throughout their work lives, the
hypothesis was as follows;

- Ho: There is no significant relationship
between the Stress level of the pilots and the
level of Job Satisfaction.

- H1: There is a significant relationship
between the Stress level of the pilots and the
level of Job Satisfaction.

4. Findings
4.1. Demographic Results

Looking at the demographic data of the 119
people who participated in the study, it was seen that
97.5% of the pilots were male and 2.5% were
female. According to the Twitter post of Turkish
Airlines General Manager Bilal EKSI on 8 August
2018, considering that 3.8% of the pilots in THY are
female pilots, it is considered normal to have such a
small number of female pilots in this study. The
distribution of the participants according to age data
is that 10.9% of them are in the 18-27 age range,
37.8% are in the 28-37 age range, 24.4% are in the
38-47 age range, 23.5% are in the 48-57 age range.
It was observed that 3.4% were 58 years old and
above. When the education levels are examined, it
is seen that 1.7% of them are high school graduates,
65.5% of them are undergraduate, 31.1% of them
are postgraduates and 1.7% of them are doctoral
graduates. Looking at the seniority of the pilots, it
was seen that 58% were F/O-First Officers and 61%
were Captain Pilots. Finally, when we look at the
duration of experience, 24.4% of them are 2 or less
years, 21% are 3-5 years, 7.6% are 6-10 years,
16.8% are 11-15 years and 30.3% of them had 16
years or more of work experience.

4.2. Survey Results

In this part of the study, the relationship between
stress and job satisfaction is shown. Before the

correlation analysis, normality control was made
and Skewness and Kurtosis values were checked.
According to the study conducted by Hair et al in
2013, if the Skewness value is between -1 and +1, it
is considered to be normally distributed [27]. In
addition, as a result of the study conducted by
George and Marraley, it was shown that the
Kurtosis value between -1 and +1 indicates the
normality of the data [28].

Table 1. Representation of the normal distribution
of stress

Stress Statistic Std.
Error
X 3,4346 0,08429
Lower
95% Confidence Bound 3,2677
Interval for Mean Upper 3.6015
Bound
5% Trimmed Mean 3,4632
Median 3,4286
Variance ,845
S ,91952
Min. 1,00
Max. 5,00
Range 4,00
Interquartile Range 1,14
Skewness -,429 ,222
Kurtosis -,066 ,440

As can be seen from Table 1, as a result of the
normality test for the stress factor, it was seen that
the Skewness and Kurtosis values were within the
limits and were found to be normally distributed.

Table 2. Representation of the normal distribution
of job satisfaction

Job Satisfaction Statistic Std.
Error
X 3,7444 ,08243
Lower
95% Confidence Bound 32111
Interval for Mean Upper 3,5376
Bound
5% Trimmed Mean 3,4142
Median 3,4500
Variance ,809
S ,89922
Min. 1,00
Max. 5,00
Range 4,00
Interquartile Range 1,20
Skewness -,540 222
Kurtosis ,074 440

As can be seen from Table 2, as a result of the
normality test for the job satisfaction factor, it was
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seen that the Skewness and Kurtosis values were
within the limits and were found to be normally
distributed.

Table 3. Stress and Job Satisfaction Correlation
Analysis

Job
Satisfaction
Stress Pearson Corr. -,506**
Sig (2 way) ,000
N 119

As can be seen in Table 3, as a result of the
correlation analysis, it has been observed that stress
has a negative relationship with job satisfaction.

Table 4. Stress and job Satisfaction ANOVA Test

ANOVA Sum Df Mean F Sig.
of Sq. Sq.

Regression 24,42 1 24,427 40,261 ,000P

Residual 70,98 117 ,607

Total 95,41 118

a. Dependent Variable: Job Satisfaction
b. Predictors (Constant): Stress

Table 5. Stress and Job Satisfaction Regression

Analyse
Model®  Unstd. Coeff.  Stand. t Sig
Coeff.
Std.
Error Beta
Constant 5,074 277 18,35 ,000
Stress -, 495 078 -,506 -6,34 ,000

As a result of regression test performed after
finding a significant relationship between stress and
job satisfaction, it was found that the stress factor
has a negative effect of 49.5% on the job satisfaction
factor, as can be seen from talbo 4 and 5.

5. Result

Aviation is a form of transportation that is
developing rapidly. The rapidly growing aviation
sector has started to be preferred by people
frequently, as it is advantageous compared to other
modes of transportation in terms of both time and
passenger comfort. As people prefer aircraft as a
means of transportation, airline companies have
started to grow, have placed new aircraft orders and
continue to do so. However, the most important
issue that will never be compromised in the face of
this rapid growth is undoubtedly flight safety.
Although aircraft are seen as the safest means of

transportation in the world, they can also experience
accidents / incidents, although not very often.

The greatest wealth a business has is its human
resources. Because with the employee profile, the
business either succeeds or fails. For this reason, the
employee profile is a point that the business should
pay attention to and constantly follow. The best
method to follow the employee profile would be to
measure the job satisfaction levels of the employees.
Because, according to the results obtained when the
studies in the literature are examined, the job
performance decreases with the decrease in the job
satisfaction levels of the employees, and as a result,
the work done is negatively affected. Considering
the stress situation in working life, working life is a
situation in itself that puts employees stressed. The
job satisfaction levels of employees with high stress
levels were negatively affected.

As a result of the analysis, it was found that there
is a negative relationship between stress and job
satisfaction. In other words, it is expected that the
job satisfaction level of a pilot with a high stress
level will decrease. When we look at how much
stress affects job satisfaction, it has been seen that it
has a negative effect of 49.5%. In other words, it is
seen that with 1 unit increase in the stress level of
the pilots, their job satisfaction level decreases by
49.5%.

To make suggestions to researchers who want to
conduct research on these issues in the future, the
universe and sample can be expanded further as a
continuation of this research, and if necessary, data
can be collected from pilots working both in Turkey
and abroad, and they can reach a wider range of
results.

It is thought that this study may be useful in the
human resources planning of airline companies, as
well as suggestions to airlines. It is thought that it
can be beneficial in the selection of pilots in the pilot
recruitment process, according to the reactions of
the candidates or the attitudes and attitudes they
show during the selection stages of the interview or
post-interview. Flight safety should never be
overlooked when selecting a pilot for airlines. For
this reason, based on the data obtained as a result of
this research, it is necessary to be more careful about
the features that can be understood during the
interview, such as human resources and stress
management of the candidates. Apart from
recruitment, it should also be checked whether the
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pilots who are already within the body are
performing their duties within the framework of the
CRM rules. Flight safety can be compromised in a
cockpit with high stress levels due to lack of
communication or disagreement between the crew.
For this reason, companies should check whether
flights take place within the framework of CRM. In
case of any problem, necessary interventions should
be made.

In this context, airline companies should prepare
their human resources departments well when
planning their personnel, ensure that they manage
the processes by foreseeing the problems that may
be encountered in the future while managing the
recruitment processes, and hire the appropriate
people. Otherwise, an accident-incident may occur
due to a stress-induced personality disorder or job
dissatisfaction in the future, and irreparable
damages may occur.

Ethical Approval

The survey study was carried out with the
approval number 2021/01 of Istanbul Aydin
University Ethics Commission.
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Ozet

Havacilik sektériinde yapilan bu arastirmanin amaci, proaktif kisilik 6zelliginin bilgi ifsasina etkisini incelemektir. Arastirmada ayrica
demografik o6zelliklere gore calisanlarin bilgi ifsas1 davranisinin farklilik gosterip gostermedigi de incelenmistir. Arastirmanin
drneklemini Istanbul sehrinde galisan 113 hava trafik kontroldrii olusturmaktadir. Calismada veri toplamak amaciyla anket yontemi
kullanilmigtir. Anketten elde edilen veriler, SPSS 21 istatistik programinda 6lgek gecerlilik ve giivenilirlik, korelasyon, regresyon,
T-Testi ve ANOVA testlerine tabi tutulmustur. Arastirma bulgularma gore proaktif kisilik 6zelliginin ¢aliganlarin bilgi ifsas
davranisini pozitif olarak etkiledigi ve bilgi ifsasindaki %9 oranindaki degisimin proaktif kisilik 6zelligi tarafindan agiklandigt
goriilmiistlir. Proaktif kisilik 6zelliginin digsal ve destekei bilgi ifsasini pozitif etkilerken igsel ve gizli bilgi ifsasini etkilemedigi
gOriilmiistiir. Demografik 6zelliklere gore yapilan karsilastirma analizleri sonucunda; yas, caligma siiresi ve gorev {invanina gore
calisanlarin bilgi ifsas1 davranisinda farklilik oldugu; ancak cinsiyet, medeni durum ve egitim seviyesine gore farklilik olmadig:
goriilmistiir. Arastirmanin proaktif kisilik 6zelligi, bilgi ifsas1 ve havacilik emniyeti ile ilgili literatiire katki saglayacagi ve gelecekte
yapilacak aragtirmalara 151k tutacagi diisiiniilmektedir.

Anahtar Kelimeler: Proaktif Kisilik Ozelligi, Bilgi ifsas1, Hava Trafik Kontroldrii, Havacihik, Havacilhik Emniyeti

The Effect of Proactive Personality on Whistleblowing: A Research on
Air Traffic Controllers

Abstract

The aim of this research, conducted in the aviation sector, is to examine the effect of proactive personality on whistleblowing. In the
research, it was also examined whether whistleblowing behavior of the employees differed according to the demographic
characteristics. The sample of the research consists of 113 air traffic controllers working in the Istanbul city of Turkey. Questionnaire
method was used to collect data in the study. The data obtained from the questionnaire were subjected to scale validity and reliability,
correlation, regression, T-Test and ANOVA tests in  SPSS 21 statistical program. According to the research findings, it was seen that
the proactive personality positively affected the whistleblowing behavior of the employees and the 9% change in the whistleblowing
was explained by the proactive personality. It was observed that while proactive personality positively affected external and supportive
whistleblowing, it did not affect internal and secret whistleblowing. As a result of the comparison analyzes made according to
demographic characteristics; It has been observed that there is a difference in the whistleblowing behavior of the employees according
to age, job tenure and job title, but there is no difference according to gender, marital status and education level. It is thought that the
research will contribute to the literature on proactive personality, whistleblowing and aviation safety and will shed light on future
research.

Keywords: Proactive Personality, Whistleblowing, Air Traffic Controller, Aviation, Aviation Safety
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1. Giris

Giliniimiiziin zorluklarla dolu kiiresel rekabet
ortami1 kosullarinda; dinamik olmak, belirsizliklerle
miicadele etmek, hizli ve tercih edilen yenilikler
yapmak, siirekli degisim i¢inde olmak ve cevresel
kosullara esneklik gostermek oOrgiitlerin  sahip
olmas gereken 6nemli 6zellikler arasindadir. Orta
ve uzun vadede rekabet ortaminda hayatta
kalabilmek igin oOrgiitlerin sadece rutinlerini,
uygulamalarin1 ve politikalarim iyilestirmesi veya
degistirmesi yeterli olamamaktadir [1]. Orgiitlerin
ayn1 zamanda belirsizliklerin hadkim oldugu
ongorillemeyen bir ortamda uzun vadeli hedeflere
ulasabilmek i¢in firsatlar1 6ngéren, etkin, verimli,
insiyatif kullanabilen ve proaktif kisilik 6zellikleri
ve davranislar sergileyen calisanlar1 ise almasi ve
elinde tutmasi gerekir [2]. Proaktif davranislar;
calisanlarin is rollinii etkin bir sekilde yerine
getirmesini, degisim odakli inisiyatifler alarak
belirsiz ¢evreye uyum saglamasim ve Orgiitlerin

siirdiiriilebilir rekabet avantaji elde etmesini
kolaylastirmaktadir. Bu nedenle bir¢ok oOrgiit,
calisanlarin  igyerinde  sergiledigi  proaktif

davranislari, rekabet avantaj olarak gorebilmektedir

3].

Bilgi ifsasi, bir 6rgiitiin eski ya da halihazirda bir
caligan1  tarafindan yonetici ve isverenlerin
sorumlulugu altinda bir drgiitte meydana gelen etik
ve yasa dist uygulamalarin bu durumu ¢6zebilecek
yetki ya da giice sahip kisi ya da kurumlara
bildirilmesidir [4]. Bilgi ifsas1, orgiit iginde etik
olmayan uygulama, faaliyet ve davraniglarin
diizeltilmesi i¢in gerekli 6nlemleri almak amaciyla
orglit ici ya da disma korumaci bir niyetle
agiklanmasi olarak tamimlanabilir [5]. Bir orgiitiin
denetimi ya da kapsami dahilinde meydana gelen
hukuk dis1 bir durumun, bu durumla ilgili bilgilere
ulasma imkanmna sahip Orgiit iiyesi tarafindan
goniillii, zorlama olmadan ve kanitlanabilir bir
sekilde oOrgiit i¢i ya da disindaki ilgililere
aciklanmasi bilgi ifsas1 olarak ifade edilir [6].
Literatiire bakildiginda orgiitsel (orgiitsel baglilik,
orgiit iklimi, misilleme vb.), bireysel (kisilik
ozellikleri, etik degerler vb.) ve demografik
faktorlerin (cinsiyet, yas, egitim Seviyesi vb.)
calisanlarin  bilgi ifsast1 davramigim etkiledigi
goriilmektedir [7].

Kiiresel ve teknolojik degisimler dogrultusunda
giderek biiyiiyen havacilik sektdrii tim diinyada
ulasim sektoriinlin vazgecilmez bir parcasi haline
gelmistir. Havacilik faaliyetlerinin olay ve kazasiz
icra edilebilmesinde emniyet kavrami son derece
onemlidir. Olay ve kazalar olmadan 6nce onlar1 ve
kok nedenlerini tespit etmeye yonelik proaktif
yaklasim ile emniyetsiz ve kural dig1 uygulamalarin
ifsa ya da baska bir ifade ile rapor edilmesi havacilik
sektoriinde pozitif emniyet kiiltiiriiniin birbiriyle
iligkili iki alt bilesenini olugturmaktadir. Literatiirde
proaktif kisilik 6zelligi ve bilgi ifsast kavramlari
arasindaki iliskiye yonelik farkli sektorler tizerinde
yapilan ¢aligmalar [1, 8, 9] olmakla birlikte 6zellikle
havacilik sektorii ve Tiirkge literatiirde iki kavram
arasindaki iligki konusunda bir bosluk oldugu
goriilmektedir.

Bu kapsamda havacilik sektoriiniin 6nemli bir
calisan grubu olan ve havacilik emniyetine
dogrudan katki saglayan hava trafik kontrolorleri
tizerinde calisma yapilmasina karar verilmistir.
Ciinkii hava trafik kontroldrlerinin gorev yaptiklari
kule, yaklagsma ve yol kontrol gibi Hava Trafik
Kontrol Birimleri degisken i¢ ve dis ¢evre
kosullarinda her zaman dogru kararlar veren bir
oOrgiit yapisina sahip olmayi, belirsizlik iginde
stirekli Ongoriilerde bulunmay1 ve olasi
kosullara karsilik hazir bulunmay1 gerektirmektedir.
Bununla  birlikte operasyonel  kosullarda
faaliyetlerin  emniyetli bir sekilde yerine
getirilebilmesi i¢in bilginin a1k, erigilebilir,

zor

kullanilabilir ve yorumlanabilir olmas1 6nem arz
etmektedir. S6z konusu nedenler 1s1ginda bu
aragtirmanin amaci, proaktif kisilik 6zelliginin bilgi
ifsasina etkisini incelemektir. Arastirmada ayrica
demografik 6zelliklere gore galisanlarin bilgi ifsasi
davramisinin  farklilik gosterip gostermedigi de
incelenmistir. Arastirma sonuglarinin  proaktif
kisilik 6zelligi, bilgi ifsasi ve havacilik emniyeti
kavramlar1 arasindaki iligkileri ortaya koymasi
katki saglayacag

nedeniyle ilgili literatiire

diistiniilmektedir.
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2. Kavramsal Cerceve
2.1. Proaktif Kisilik Ozelligi

Kisilik bir bireyi diger bireylerden farkli kilan
fiziksel, zihinsel ve ruhsal o&zelliklerin toplami
olarak tamimlanabilir. Baska bir ifade ile kisilik,
bireyi 6znel ve nesnel yonleri ile digerlerinden
ayiran duygu, diisiince, tutum ve davraniglarin
timidiir [10]. Benzersiz ya da kendine has olma,
tutarlilik gosterme ve degigmezlik bireyin kisiligini
olusturan 1¢ temel faktordir [11]. Kisilik
ozelliklerinden biri olan proaktif kisilik; mevcut
kosullari iyilestirmek ya da yeni kosullar yaratmak
amactyla insiyatif alan, bilgi ve firsatlar1 aramaya
egilim gosteren ve pasif bir sekilde mevcut
kosullara uyum gostermek yerine statilkoya meydan
okumay1 tercih eden 6zellikleri kapsar [12]. Proaktif
kisilik, bireylerin iginde bulunduklart c¢evreyi
etkilemek amaciyla harekete gecmesine yonelik
sergiledikleri egilimleri ifade eden bir yapidir.
Proaktif bireyler firsatlari arayan, insiyatif alan,
harekete gegen, sonuca ulasana kadar sabir gosteren
ve degisimi ortaya koyan bireylerdir. Proaktifler,
orgiitlerin misyonlarinda degisime yol acan,
sorunlari bulan ve ¢ézen yol gostericilerdir [13].

Proaktif kisilik 6zelligi, her birey ya da ¢alisanda
ayn1 diizeyde bulunmayan ve gelecegi ongdrerek
yeni konum almaya odaklanan bir egilimi isaret
eder. Proaktiflik, belirsiz bir gelecekte meydana
gelebilecek degisimi sadece Ongdérmeyi ve bu
degisime uyum saglamayi degil, ayn1 zamanda
degisimin kendisini yaratmaya da odaklanir.
Proaktif kisiler; sahip olduklari isi, durumu ve
konumu  gelistirmeye  yonelik  girisimlerde
bulunurken; bunun aksine proaktif olmayan kisiler
ise arkasina yaslanmayi, bagkalarmin bir seyler
yapmasini beklemeyi ve kendilerine dayatilan
degisime boyun egmeyi tercih ederler [14]. Proaktif
kisiler, kendilerine herhangi bir emir verilmeden
gerekli gordiikleri degisim igin harekete gegebilen;
hedeflenen degisim igin aktif bir uygulayici roliine
girebilen; icinde bulundugu c¢evreyi Orgiitsel
hedeflere fayda saglayacak sekilde degistirmek
isteyen; durumsal sinirlamalara ragmen
cevrelerinde olumlu degisikliklere neden olabilen
kisilerdir. Bu a¢idan bakildiginda proaktif kisilik
ozelligi, proaktif davranigin ortaya ¢ikmasina neden
olan onciil bir kigisel egilimdir [15].

Proaktif davranis, bireyler tarafindan kendilerini
ve iginde bulunduklarn gevrelerini etkilemeye ve
ileriye yonelik sergilenen eylemleri bir biitiin olarak
igerir. Proaktif davrams, insiyatif alarak veya
olaylar1 6nceden tahmin ederek bir durumu yaratan
ya da kontrol altina alan davranislardir. Bu
davranislar, pasif olarak goriilen reaktif ve genel
davranislardan iki yoni ile ayrilir. Proaktif
davranigin ilk ayirt edici 6zelligi dnceden hareket
etmektir. Sosyal bilimciler, insanlarin kendi
davraniglarini abarttiklarini ve insan davranislarinin
¢ogunun bilingsiz zihinsel siiregler ve mantiksiz
senaryolar tarafindan ydnetildigini 6ne siirerken;
proaktif davranig bireylerin eylemlerinde beklenti
icinde olduklar1 bir davranis alanmidir. Proaktif
davranis, gelecege odakll ve dikkat icerir. Bireyler,
gelecekte yasanabilecek olaylar hakkinda 6nceden
ongorii ile diisiinmekte, planlama yapmakta ve
hareket etmektedir. Gelecekte bir sonug¢ tahmin
edilir ve bu sonucun ortaya ¢ikmasi i¢in durumlar
seqilir ya da degistirilir [2]. Proaktif davranigin
ikinci ayirt edici Ozelligi, amaglanan etkidir.
Proaktif davranis degisim odaklidir [13]; proaktif
bireyler agik bir sekilde kendileri veya ¢evreleri
tizerinde fark edilebilir bir etki
niyetindedirler. Proaktif davranmaya ydnelen
bireyler; kendilerini, etkilesim iginde olduklar
digerlerini ve ¢evresel kosullar1 anlaml bir sekilde
degistirmeye odaklanirlar [16].

yaratma

Proaktiflik, geri bildirim arama ve sorumluluk
alma gibi bir dizi eylemle siirli olmaktan ziyade bir
siire¢ olarak goriilebilir. Siire¢ olarak proaktiflik,
ici
gelebilecek her tirlii eylem setine uygulanabilir
[12]. Bununla birlikte proaktifligi bu sekilde
kavramsallastirmak, proaktif davranisi sadece rol
dis1 olarak goren arastirmacilarin gorisleriyle

calisanlarin  rol ve rol diginda meydana

celismektedir. Bu arastirmacilara gore proaktif

davranis c¢alisanin mutlaka ekstra  roliiniin
sonucudur. Ciinkii c¢alisanlarin rol i¢i davranislari
bagkalar1 tarafindan belirlenir ve bu davranislarda
gelecegi etkilemeye doniik c¢alisanin  kendisi
tarafindan yapilan bir hareket ve beklenti yoktur [2].
Proaktif davranisi belirlemenin temel kriteri; bu
davranisin galiganin rol i¢i mi yoksa rol dig1 mi
davranisi oldugu degil, ¢alisanin kendisi veya
cevresi lizerinde etkisi olan gelecekteki bir sonucu
tahmin edip etmedigi, planlayip planlamadigi ve

yaratip yaratmadigina yonelik ¢alismasidir [17].
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Proaktiflik siire¢ olarak; dngérme, planlama ve
gelecegi etkilemeye yonelik eylem olmak iizere iig
asamadan meydana gelir. Ongérme, proaktiflik
stirecinin baglangicini simgeler. Proaktif davraniglar
sergileyecek kisiler gelecekteki sonuclar1 tahmin
etmeye yonelik olarak diisiiniirler. Ongérme ya da
tahmin etme, gelecek bir zamanda meydana
gelebilecek bir durum, nesne ya da kisinin resmini
onceden zihinde hayal etme ve canlandirmadir [2].
Insanlar gelecege yonelik bir senaryo hayal
ettiklerinde bu hayali gecici olarak dogru kabul
ederler, bu hayale ulagabilmek ic¢in duygularinm
yonlendirir ve ortaya c¢ikabilecek problemleri
¢ozmeye ¢alisirlar [18]. Olaylar1 6ngérmek,
insanlarin gelecege dair beklenti igine girmelerini
giivenlerini  arttirir.  Ongdormek  gelecekte
olabilecek olaylari tegvik etmek ya da 6nlemek igin
bireyin harekete gecme olasiligini yiikseltir. Bagka
bir deyisle 6ngérme ve beklenti igine girme kendini

[19].
ikinci

Ve

gergeklestiren  kehanetleri

Planlama, proaktif davranig
asamasini olusturur. Planli Davranig Teorisine gore
proaktif davraniglarda bulunan bireyler fikirlerini
uygulamak ic¢in nasil hareket etmeleri gerektigine
dair planlar yaparlar. Planlama; belirli bir gorev,
proje, faaliyet veya eylem i¢in 6nceden hazirlanmak
anlamina gelir. Planlama ile bireyler beklentilerini
ve gelecekteki hedeflerini somut eylem ve
sonuclara baglayan adimlarin ana hatlarini ¢izerler
[19]. Ongdrmek; gelecekle ilgili bir olay veya

atesleyebilir
stirecinin

sonucu tasavvur etmek iken, planlama ise gelecege
dair bir vizyon, olay ya da sonucun nasil tegvik
edilecegi ya da Onlenecegini belirten bir uygulama
hazirlamaktir. Planlama ile birey, ilk hareket
tarzinin basarili olamama ihtimaline karsi alternatif
stratejiler gelistirir. Bu nedenle planlama, 6ngoriilen
vizyonlar1 davraniglara doniistiirmede kritik bir rol
oynayarak bireylerin hedeflerinin pesinden gitme ve
bu hedeflere ulasma olasiliklarini arttirir [20].

Proaktiflik siirecinin son agsamasi olan gelecegi
etkilemeye yonelik eylem, 6ngorii ve planlamanin
fiziksel tezahiiriinii ifade eder. Ongdrme ve
planlama, proaktif davranigin psikolojik yoniini
eylem asamasi ise somut yoniinii simgeler. Bireyler
eylemlerini gelecegi etkilemeye yonlendirirken
eylemlerinin kendileri ve ¢evreleri iizerindeki kisa
ve uzun vadeli etkisinin farkindadirlar. Bireyler,
gelecekteki sorunlari ¢ozmek ve olasi firsatlar

yakalayabilmek i¢in bu eylem asamasinda ongorii
ile hareket ederler [2].

2.2. Bilgi ifsas1

Ingilizce literatiirde “whistleblowing” kelimesi
ile ifade edilen bilgi ifsas1 kavrami, su¢ islemek
iizere olan birini gordiigii zaman Ingiliz polisinin
diger meslektaslarini ve halki haberdar etmek
amaciyla diidiik 6ttiirmesi ya da 1slik ¢calmasindan
ortaya ¢ikmistir. “Whistleblowing” kavraminin ilk
defa 1963 yilinda Birlesmis Milletler i¢ Giivenlik
Senatosu alt komisyonu bas danismanina sunulan
ve giivenlik risklerini igeren bir belgede kullanildig
ifade edilmektedir [21]. Tiirk¢e literatiirde
“whistleblowing” kavramin ifade etme konusunda
tam bir goriis birligi bulunmamaktadir. S6z konusu
kavrami agiklamak icin ele verme [22], agiga
cikarma [23], bilgi ucurma [5, 24]; bilgi ifsasi,
ihbarciik  [21, 25] gibi farkh
kullanildigr ~ goriilmektedir.  Bu  ¢alismada
“whistleblowing” kavramini ifade etmek amaciyla
bir bilgiyi ortaya c¢ikarma ve aciklama anlamina
gelen “bilgi ifsas1” kavraminin kullanilmasi tercih
edilmistir.

kavramlarin

Bilgi ifsas1 kavrami, bir Orgiitte daha oOnce
caligmis ya da halihazirda calisan tiyeler tarafindan
igveren ya da yoneticilerin kontrolii altindaki etik
dis1, hukuka aykirt ve gayri mesru uygulamalarin,
bu uygulamalar konusunda islem yapabilecek kisi,
kurum ve taraflara bildirilmesidir [4]. Bilgi ifsas1
kavrami hakkinda ilk modern tanimlamalardan
birini yapan Nader vd.’ne [26] gore bilgi ifsast;
kamu menfaatini ¢alistig1 orgiitiin menfaatlerinden
Uistiin tutan bir ¢alisanin orgiitliniin ahlaka aykiri,
hileli, yasal olmayan ve zararli uygulamalarini
aciklamasidir. Bilgi ifsasi; bir 6rgiit i¢inde yasalara,
kurallara ve etik degerlere uygun olmayan davranig
ve faaliyetlerin 6rgiit iginde ya da disinda diger kisi,
kurum ve paydaslara zarar vermemesi amaciyla
bilgi sahibi kisiler (¢alisanlar ya da paydaslar)
tarafindan sorunlar ¢dzme giiciine veya yetkisine
sahip taraflara bildirilmesi, rapor edilmesi ya da
aciklanmasidir. Bu agidan bilgi ifsasi, orgiit icindeki
yanlis ve =zararli goriilen uygulamalarin agiga
cikartilmast olgusu olarak ahlaki bir davranistir
[27]. Bilingli bir ¢alisan davranigi olan bilgi ifsasi;
orgiit icinde etik olmayan, rahatsizlik uyandiran ya
da sug i¢eren bir durumu fark eden ve haber alan bir
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bireyin bu durumla ilgili
iletmesidir [28].

bilgileri yetkililere

Bilgi ifsasi siirecini baslatan kisiye bilgiyi ifsa
eden ya da ifsact (whistleblower) denilmektedir.
Ifsac1, bir kisi ya da grup olabilir [4]. Bilgi ifsast
eyleminin temel amacinda bir birey, kurum ya da
toplulugu koruma i¢giidiisii olmakla birlikte, belirli
bir menfaat saglamak gibi farkli nedenler de bilgi
ifsasin1 motive edebilir [29]. Bilgi ifsast siirecinde
tespit edilen yanlis uygulamay1 ifsa edenler, bu
uygulamadan baskalarinin zarar gérmemesini
diisiinerek zorlama olmadan ve goniilliik esasina
gore hareket ederler. Ifsacilar, ortaya cikardiklar:
konularda bilgi sahibi olan 6rgiitiin eski ya da halen
bir ¢alisani, 6rgiit disindan biri, toplumun bir {liyesi
ya da orgiite paydas biri olabilir [27]. ifsacilar,
kamu ¢ikarina ters diisen, thmalkar, kural disi, etik
kurallarina uymayan ve suistimal i¢eren faaliyetleri
aciga cikartma ve diizeltme gayesiyle calistigi
orgiite sinyal veren c¢alisanlardir. Insan haklari
ihlali, cinsel taciz, psikolojik siddet, vergi kagirma,
zimmete para gecirme, ayrimcilik, gereksiz zarar
verme, yasa dis1 uygulamalar, orgiitsel amaglardan
sapma, halk sagligina uygun olmayan {iretim,
suistimal ve etik dis1 davraniglar gibi bir¢ok orgiitsel
(organizational
ifsasina  konu

yanlis uygulama eylem
misconduct/wrongdoings)  bilgi
olabilir [26, 30].

Ve

Bilgi ifsasi, bir orgiit icindeki etik olmayan ve
yasa dis1 uygulamalara boyun egmemek ve bu
yanlis uygulamalari ortaya cikartarak
tekrarlanmasini engellemek i¢in yapilir. Bu agidan
bakildiginda bilgi ifsasi insani bir davranig seklidir.
Istenmeyen ve rahatsizlik uyandiran bir durumu
diizeltmek adina iyi niyetle bilgi ifsast yapan
bireylerin kotii  olarak algillanmast ya da
yaftalanmasi dogru olmaz [31]. Bununla birlikte
bilgi ifsast davranisina uygulamada olumsuz
anlamlar yiliklenmekte ve bilgi ifsas1 kavrami bazi
durumlarda ispiyonculuk, ajanlik, jurnalcilik ve
gammazlama gibi esdeger
goriilmektedir [27].

kavramlarla

Literatiire bakildiginda bilgi ifsasinin yapilig
sekline gbre arastirmacilarin  kavrami farkh
sekillerde siniflandirdiklart goriilmektedir. Bilgi
ifsasinin ¢cogu arastirmaci tarafindan i¢sel ve digsal
olarak smiflandirilmasi, temel bir siniflandirmadir.
Igsel bilgi ifsas1 yanlis uygulamalarin 6rgiit igindeki

iist yoneticilerden birine; dissal bilgi ifsasi ise yanlis
uygulamalarin 6rgiit disindan biri, kamu, medya,
cikar gruplari, diizenleyici otoriteler gibi orgiit dist
aktorlere rapor edilmesidir [32]. Park vd. [3] bilgi
ifsasin1 formal-informal, agik (isim vererek)-gizli
(isim vermeden) ve igsel-digsal olmak iizere {i¢
baslik atinda siniflandirmistir. Bilgi ifsasinin formal
ya da informal olmast ifsanin hangi iletisim
kanallarimin ~ kullanmilmas1  ile  1ilgili  bir
siiflandirmadir. Formal bilgi ifsasi, 6rgiit igindeki
resmi iletisim kanallar1 ve siire¢leri ile yapilirken;
informal bilgi ifsasinda ise c¢alisan yanlis
uygulamalar1 samimi ya da gilivendigi bir is
arkadasina bildirir [24]. Acik bilgi ifsasinda ifsact
gercek adini kullanarak yanlis uygulama ya da olay1
rapor ederken; gizli bilgi ifsasinda ifsacit gercek
kimligini vermekten kacginarak gizlilik iginde
hareket eder. Icsel ve dissal bilgi ifsas1 yukarida
bahsedildigi gibi ifsanin orgiitiin icine mi yoksa
disina m1 yapildig: ile ilgili bir simmiflandirmadir
[22].

2.3. Havacilik Sektoriinde
Ozelligi ve Bilgi ifsasi Tliskisi

Proaktif Kisilik

Son yillarda tiim diinyada yasanan hizli kiiresel
ve teknolojik degisimler sayesinde iilkeler,
isletmeler ve insanlar arasindaki mesafeler kisalmis
ve sosyal etkilesimler artmistir. S6z konusu
degisimler tiim sektorleri etkiledigi gibi hava aract
teknolojileri ve havayolu isletmelerini de icine
alarak havacilik sektoriiniin ivme kazanmasina
neden olmustur. Sivil havacilik sektorii; yolcularin
hizli, ekonomik, emniyetli ve giivenli bir sekilde
seyahat etmesine ve uzun mesafelerin kisa siire
katedilmesine
giiniimiizde kiiresel ulagim sektoriiniin vazgegilmez
bir parcasi haline gelmistir [34]. Emniyet, havacilik

icinde imkan sagladigr icin

sektoriinde faaliyetlerin aksatilmadan ve kazasiz bir
sekilde yerine getirilebilmesi i¢in hem isletmeler
hem de caligsanlar i¢in dikkate alinmasi gereken
onemli bir kavramdir [35]. Emniyet kavramu,
riskten uzak olma ve yaralanma, 6lim ya da
zarardan muafiyet olarak ifade edilebilir. Emniyetin
karsit1 risk ise, belli bir zaman dilimi i¢inde tehlikeli
bir durumla karsilagsma ihtimali veya s6z konusu
tehlikeli durumun ortaya ¢ikarabilecegi sonuglardir.
Emniyet ve risk kavramlarii dikkate alarak genel
bir tanimlama yapilacak olursa havacilik emniyeti,

tim havacilhik faaliyetlerinin gercek hayat
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kosullarinda bilinen tiim risklerin ortaya konuldugu
ve kacimildigi kabul edilebilir risk diizeyinde
gerceklesmesidir [36].

Havacilik sektorii ve ¢alisanlar emniyete 6nem
verdiklerini ve faaliyetlerini emniyet ¢ergevesinde
yaptiklarini ifade etmelerine ragmen ugus ve yer
faaliyetleri sirasinda halen bir¢ok emniyetsiz ciddi
olay ve kaza yasanmaya devam etmektedir. Ticari
havaciligin baslangi¢c dénemlerinde kaza ve olaylar
ucaklarm teknik yetersizliklerinden kaynaklanmig

ve ilerleyen yillarda modern  ugaklarin
kullanilmasiyla teknik sorunlarin ¢ogu agilmugtir.
Havaciligin son  donemindeki  emniyetsiz

durumlarin kaynagi olan insan faktorii ve orgiitsel
nedenler ise gelistirilen farkli multidisipliner
modellerle giderilmeye ¢alisilsa da havacilik
sektoriinde yasanan emniyetsiz olay ve calisan
davraniglart hala varligin1 devam ettirmektedir [37].
Giliniimiizde havacilik sektoriindeki riskler, modern
cagin gereklerine uygun olarak Emniyet Yonetim
Sistemi  (EYS) tarafindan  yoOnetilmektedir.
Havacilikta  ¢esitli  alt  sistemleri,
yaklagimlarini, kaynaklar1 ve kurallar1 kapsayan
EYS; bir havayolu isletmesinin tiim faaliyetlerini
emniyetsiz hale getiren risklerin yonetilebilmesi
i¢in kullanilan ve isletmenin operasyonel ve teknik
sistemlerini  finansal insan kaynagi ile
biitiinlestiren sistemli ve kapsamli bir siiregtir [38].
Havacilik EYS’nin
sektordeki diizenleyici otoritelerin ortaya koydugu
kurallar 151g81nda havacilik faaliyetlerinin emniyetli
bir sekilde yiiriitilmesini saglamak ve muhtemel

emniyet

veE

sektoriinde temel amaci,

riskleri yonetebilmektir.

Havacilik emniyetine yonelik bir¢ok uygulama,
emniyeti riske sokan olay ya da kaza meydana
geldikten sonra yliriirliige girmekte ve reaktif bir
Ozellik tagimaktadir. Buna karsin EYS reaktif ve
proaktif yaklagimlar birlikte kullanan bir sistemdir.
Proaktif yaklagimla havacilik emniyetini riske
sokabilecek kaynaklar belirlenmekte, risklerin
ortaya cikartacagi zararlar hesaplanmakta ve bu
riskleri en aza indirgemek igin tedbirler
alinmaktadir [36]. Havacilik emniyetinde proaktif
yaklasim, emniyeti tehdit eden faktorleri herhangi
bir olay ya da kaza meydana gelmeden once
Proaktif
yaklasiminda farkli kaynaklardan toplanan veriler

Oonlemeye  caligmaktadir. emniyet
1s181inda olay ve kaza {iretme potansiyeli yiiksek yer

ve durumlar ortaya cikartilarak risklerin miimkiin

olan en diisiik seviyeye indirilmesi amaglanir [37].
Giliniimiizde ticari havacilik sektoriinde emniyet
anlayisi, olay ve kazalardan sonra elde edilen reaktif
verilerinden ziyade proaktif veri kaynaklari ile risk
analizlerine yonelmistir. Ornegin ucus faaliyetleri
kalite gilivence uygulamalari, havacilik emniyeti
eylem programlari ve wugus hatti emniyet
denetlemeleri s6z konusu proaktif veri kaynaklar
arasinda goriilebilir. Proaktif veri kaynaklari, ticari
havacilik sektoriinde olay ve kazalarin nedenlerinin
nasil gorildigi ve havacilik emniyetinde insan
faktorii konularinda bakig agisinin  kapsamini
genigletmistir [39].

Proaktif emniyet yaklasiminda, emniyeti riske
sokacak olay ve kazalar olmadan 6nce potansiyel
olarak tanimlanan ramak kala olaylar, goniilli
emniyet raporlamast ve ucgusla ilgili verilerin
izlenmesi onemlidir [40]. Arastirmalar, proaktif ve
islevsel bir emniyet yonetim yaklagimi benimseyen
havayolu isletmelerinin daha az isle ilgili olay ve
kaza ile karsilastiklarimi gdstermektedir. Ayrica,

proaktif yaklagim ¢alisanlarin orgiit icindeki
emniyet farkindaligimi  ve riskleri azaltict
davramiglarii  arttrmaktadir  [41].  Proaktif

yaklagim, havacilik emniyetinde hatalar1 azaltmanin
ve riskleri olusmadan 6nce tahmin etmenin en etkili
yoludur. Bu yaklasim ile her faaliyetten dnce risk
degerlendirmesi yapilarak etkili bir
yonetim  planinin  gelistirilmesi  saglanabilir.
Proaktif yaklagim; uygun olmayan orgiitsel kararlar,
elverissiz ¢alisma kosullari, yetersiz ve Kalitesiz
ekipman ile Orgiitsel aksakliklarin  tahmin
edilmesine  yardimci Bununla birlikte;
havacilik

emniyet

olur.
sektoriinde risk kontrol stratejileri
belirleme, pozitif emniyet kiltiiri olusturma,
gercekei

surekli

eylem planlar1 hazirlama,
izlenebilmesi,

siireclerin
iretim yontemleri ve
degisim/gelisim politikalari konusunda isletmelere
avantaj saglar. Dogru dizayn edilmis proaktif
iletisim kanallar1 havayolu faaliyetleri {izerindeki
riskleri en aza indirir [42]. Bahsedildigi gibi
havacilik sektoriinde faaliyetlerin ve siireclerin
emniyetli bir sekilde yiiriitilmesinde proaktif bir

yaklagim benimsenmesi ve her havacilik ¢aliganinin

proaktif  kisilik  oOzellikleri ve  davramglar
sergilemesinin ~ etkili  olacagin1  sOylemek
mimkiindiir.

Emniyet kiiltiirii; emniyeti riske sokabilecek
uygulama ve davraniglarla bunlarin yer aldigi
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ortamin etki alaninda yer alan canlilar ve nesnelerin
zararinl minimize etmeyi amaglayan ve emniyeti 6n
plana cikaran algilar, tutumlar, inanglar, roller ve
uygulamalarin toplami olarak ifade edilebilir [43].
Pozitif emniyet kiiltiirii, havacilik sektdriinde icra
edilen faaliyetlerin timiinii kapsayan EYS
uygulamalarint  basarili  kilan ve ¢aliganlarin
emniyetle ilgili riskleri daha kolay farkederek
emniyetsiz davraniglardan kaginmalarina yardimci
olan bir emniyet yaklagimidir [38]. Havacilik
sektoriinde emniyet kiiltiiriinii  degerlendirmek
amaciyla orgiit kiiltiirii ve orgiit iklimi literatiiriinii
inceleyen Wiegmann vd. [44] tarafindan gelistirilen
Ticari Havacilik Emniyet Anketinde aragtirmacilar
emniyet kiiltiiriiniin bes alt boyutunu ortaya
koymuslardir. Bu boyutlar; orgiitsel baglilik,
yonetim destegi, personel giliclendirme, orgiitsel
odiil sistemi ve raporlama sistemidir [37]. Havacilik
emniyeti ile ilgili 6nemli arastirmalar yapan James
Reason’a gore ise havacilikta emniyet kiiltiirliniin
adil kiiltiir, raporlama kiiltiirii, bilgilendirme
kiiltiirli, 6grenme kiiltiirii ve esnek kiiltiir olmak
lizere bes bileseni vardir [45].

Adil kiltir, kabul edilebilir ve edilemez
davranislar1 birbirinden ayiran; kasitli ihmalleri
kabul etmezken calisanlarin diiriist hatalarin1 kabul
eden ve c¢alisanlarin  hatalarim1  diiriistge
raporlayabildikleri bir kiiltirdir [46]. Raporlama
kiiltiirli, calisanlarin herhangi bir cezai yaptirima
maruz kalma endisesi olmadan emniyet ile ilgili
kritik bilgi ve aksakliklarin rahatga paylasildigi,
bildirildigi ve aciklandigi ortami ifade eder.
Bilgilendirme bir  Orgiitte
yoOnetenlerin tiim sistemin emniyetini etkileyen
insani, teknik, Orgiitsel ve g¢evresel faktorler
konusunda giincel bilgisinin oldugu bir Orgiitsel
ortamdir. Bu kiiltiirde ¢aliganlar emniyete yonelik

kultiird, sistemi

risklerin  belirlenmesi ve onlarin  ortadan
kaldirilmasi igin cesaretlendirilir. Ogrenme kiiltiirii,
orgiitiin kendi emniyet bilgi sisteminden gelen bilgi
sayesinde hatalarin1 6grenmesi ve diizeltici islemler
yaparak  kendini  gelistirmesidir.  Ogrenme
kiiltiiriiniin  olusabilmesi raporlama kiiltlirliniin
gelisimine baghdir [43]. Esnek kiiltiir ise orgiitiin
degisen durumlara kars1 etkili bir sekilde uyum
saglamasidir. Esnek oOrgiitler hizli hareket ederek
ortaya cikan firsatlardan faydalanirken risklerden

ise kagmabilirler[45].

Havacilikta  raporlama  kiiltiirli, emniyet
kiiltiiriiniin alt boyutlar1 olan adil, bilgilendirme,
ogrenme ve esnek kiiltiir ile yliksek derecede iliskili
olan; emniyetin ve dolayisiyla tiim siireclerin
stirekli gelistirilmesi i¢in aksaklik, yanlis uygulama,
emniyet ihlalleri ve kritik bilgilerin c¢alisanlar
tarafindan goniillii olarak ifsa edilmesine imkan
saglayan Orgiitsel bir ortam olarak goriilebilir. Bu
nedenle ¢alisanlarin 6zellikle emniyet konusundaki
yanlig, kural digi, uygun olmayan uygulamalarla
ilgili bilgi ifsast davraniglar1 orgiitlerin raporlama
sistemini besleyen ©n Onemli kanallar olarak
goriilebilir.  Aragtirmalar;  belirlenen  yanlis
uygulamanin ciddiyeti, boyutu, mali sonugclari,
saglik riskleri, emniyet ve giivenlige yonelik
tehditleri ile calisanlarin bilgi ifsas1 niyetinin pozitif
iligki iginde oldugunu gdstermektedir. Sorun ne
kadar ciddi ise sorunun ifsa edilme olasilig1 da o
kadar ytiksektir [47]. Near vd. [48] tarafindan biiyiik
bir askeri iiste yapilan aragtirmada kotli yonetim,
cinsel taciz, yasa ihlali i¢eren suistimaller, hirsizlik,
israf, ayrimcilik ve emniyet sorunlari gibi yanlis
uygulamalarin  bilgi ifsasina konu oldugu
gOriilmistiir.

Bir orgiitte iyi isleyen Orgiitsel 6grenme siireci,
emniyet uygulamalarina proaktif yaklasim ile
pozitif yonde iliski i¢indedir. Proaktif uygulamalar
yoluyla orgiit i¢in hayati 6neme sahip Ggrenme
stirecleri uygulanabilir. S6z konusu uygulamalar ile
emniyetle ilgili verilerin toplanmasi, izlenmesi ve
analiz edilmesi yoluyla geri bildirim saglanarak
orgiitsel siireclerde 1iyilestirilmeler yapilmasi
onemlidir [41]. Proaktif yaklasimin etkin oldugu
orgiitlerde gerekli bilgiler ilgili kisi ya da gruplarla
paylagilir. Proaktif yaklagimi benimseyen bir
orgiitte, bilgi akis1 serbest gergeklesir, iletisim
engelleri ortadan kalkar, bilgilendirme ve raporlama
suglamak ve cezalandirmak i¢in degil emniyetin
gelistirilmesi i¢in yapilir. Proaktif bir sistemde
bilgiye agik erisim ve tiim caliganlarin yanlig
aksakliklar aktif
raporlama yapmasi miimkiindiir [49].

uygulamalar ve konusunda

Bir orgiitte yanlis uygulamalart gézlemleyen,
kendi kendine hareket edebilen, degisim odakli ve
ileriye doniik davraniglarda bulunan calisanlarin
bilgi ifsast yapmasi muhtemeldir. S6z konusu
calisanlar; yanlis uygulama, ihlal, suistimal ve yasa
dis1 uygulamalarin Orgiite, ¢alisanlara, paydaslara
ve kamuya zarar verdigini anladiklarinda bu
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durumu dizeltmek ya da iyilestirmek adina
harekete gecerek yetkililere rapor edebilirler. Boyle
bir davranis, mevcut kosullara pasif bir sekilde
uyum goOstermek yerine, statiikoya meydan
okuyarak mevcut kosullar1 iyilestirme davranisi
olan proaktif davranis ile uyumludur [11, 50].
Proaktif kisilik ozellikleri ve davraniglara sahip
bireyler, insiyatif alir; durumsal giiglerden bagimsiz
hareket eder ve mevcut durum, cevreleri ve
kendilerinde yapici bir degisim yapma konusunda
kararhdirlar [13]. Bilgi ifsasi, orgiit i¢indeki yanlis
uygulamalar1  diizeltmek, iyilestirmek  ve
bagkalarinin zarar gérmesini énlemeye yonelik bir
davranistir. Bu yoniliyle bilgi ifsast davranisi,
problemlerin kdk nedenine inerek olay ya da kaza
olmadan problemleri ¢6zmeye odaklanan proaktif

davramig gibi problemlerin yetkililere rapor
edilmesini amaglar [51].
Proaktif davranislari aciklamada

kullanilabilecek olan ve Ajzen [19] tarafindan
gelistirilen Planli Davranis Teorisi bireylerin bilgi
ifsas1 davranisini agiklamak i¢in de gegerli bir teorik
cercevedir. Planli davranig teorisine gore, bir
davranis1 gerceklestirme niyeti bireyin birbirinden
bagimsiz {i¢ inanc1 sayesinde ortaya c¢ikar. Bunlar,
davranigin sonuglarina iliskin inanglarin belirledigi
davranmiga  yonelik normatif  degerler
tarafindan belirlenen bireyin davranisa yonelik
O0znel inanci ve davramigi gergeklestirmek igin
gerekli mevcut kaynaklar ve firsatlar hakkindaki

tutum;

inanglar tarafindan belirlenen davranissal kontrol
algisidir. S6z konusu bu inanglar bireyin planladigi
davranig iizerinde etkilidir. Bilgi ifsasina yonelik
bireyin olumlu ya da olumsuz degerlendirmesi, bilgi
ifsasinin  sonuglarina yonelik inanglart ve bu
sonuclara iliskin 6znel algisinin toplami bireyin
bilgi ifsas1 davranist niyetini belirler [52]. Haroon
[1] tarafindan Pakistan’da 467 iniversite ¢alisani ve
Ogrencisi lizerinde yapilan doktora tez caligmasinda
proaktif davranisin katilimcilarin igsel bilgi ifsast
davranigint pozitif olarak etkiledigi ancak digsal
bilgi ifsas1 davranigini etkilemedigi goriilmiistiir.

Literatiirde proaktif davranislar olumlu, kalici ve
arzu edilen davraniglar olarak kabul edilmektedir.
Havacilik emniyetinde proaktif yaklagim ile olay ve
onemli
trafik

gibi
havacilik emniyeti ile dogrudan iliski i¢inde olan

once Onlenmesi
oldugundan pilot, kabin ekibi, hava
kontrolorleri ve ucak bakim calisanlari

kazalarin  olmadan

calisanlarin  proaktif  kisilik  6zellikleri

davranislar sergilemesi 6nemlidir. Bununla beraber

Ve

proaktif yaklasim ve yanlis uygulamalart goniillii
raporlama ya da ifsa etme gliniimiiziin pozitif
havacilik emniyeti kiiltliriintin birbiriyle iliskili iki
temel bilesenidir. Proaktif davranislar sergileyen
havacilik sektorii calisanlarinin  basta havacilik
emniyeti olmak iizere her tirlii faaliyette
yasanabilecek yanlis, emniyetsiz, hukuka aykir1 ve
yasa dig1 uygulamay1 dngorerek ve insiyatif alarak
ifsa edecegi diisliniilmektedir. Bu kapsamda
asagidaki hipotez gelistirilmistir.

H:: Calisanlarin proaktif kisilik ozelligi, bilgi ifsast
davranigin pozitif olarak etkiler.

Proaktif kisilik Ozelliginin yamsira farkl
faktorlerin de hem havacilik hem de diger
sektorlerde c¢alisanlarin bilgi ifsasi davraniginda
etkisi olabilir. Literatiirde bireylerin bilgi ifsasi
niyeti ve davraniglarini agiklamaya ¢alisan sosyal
ve psikolojik teorileri gormek miimkiindir.
Hollander'in [53] Bireye Ozgiin Kredi (Idiosyncrasy
Credit) Modeli bir grup i¢inde bir bireyin grup
beklentilerinden sapma derecesini ifade eder. Grup
icinde olumlu izlenimlere ve iyi is performansina
sahip azinhk sayidaki basarili bireylerin grup
nazarinda kredisi yiiksektir ve bu bireylerin grup
normlardan sapmak icin daha fazla hareket alanlar
vardir. Grup icinde belirli bir serbestlige sahip bu
bireyler misillemeye maruz kalmadan gordiikleri
yanlig uygulamalar1 ve aksakliklari kolayca ifsa
edebilir ve orgiit i¢inde gerekli degisime neden
olabilirler [54]. Pfeffer ve Salancik'in [55] Kaynak
Bagimliligi Teorisine gore bir taraf digerinin
bagimli oldugu kaynaklara sahip oldugunda daha
giicli ve degerlidir. Bu teori kapsaminda orgiit
icinde daha fazla deneyim, goérev siiresi, pozisyon
ve 1yi is performansina sahip calisanlar orgiit i¢in
s6z konusu

degerlidir. Bu durum nedeniyle

calisanlara yanlis uygulamalar1  bildirmeleri
konusunda orgiit tarafindan bir avantaj saglanabilir.
Orgiitleri tarafindan degerli olduklarmi algilayan
calisanlarin  bilgi ifsast1 davranis1 potansiyeli
artabilir [6]. French ve Raven’in [56] Giig
Dinamikleri Teorisine gore bireyler, baskalarina
gore degerli olan ozellikleri sayesinde c¢esitli giic
kaynaklarina sahip olabilir. Calisanlarin karizmasi,
uzmanlik alanlari, yasal yetkileri, pozisyonlari, is
performanslari, calisma siireleri gibi &zellikleri
onlara orgiit icinde gii¢ kazandirabilir. Bu kapsamda
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orgiit icinde giicli olan c¢alisanlar, yanls
uygulamalar ifsa etmekte istekli ve aksakliklart
diizeltme konusunda yetkilileri ikna etmekte
bagarili olabilirler [57].

Literatiirdeki aragtirmalar bireylerin bilgi ifsas1
davranigint etkileyen farkli orgiitsel ve bireysel
faktorlerin -~ oldugunu  gdstermektedir.  Is
performansi, Orgiitsel baglilik, orgiit iklimi,
misilleme tehditi, yonetim ve is arkadaslariin
destegi, gorev roli sorumlulugu, drgiitiin biiyikligi
gibi oOrgiitsel faktorler calisanlarin bilgi ifsasi
davranigint  etkileyebilir.  Bununla  beraber
calisanlarin  kisilik ozellikleri (kontrol odagi,
sorumluluk duygusu vb.), etik degerleri ve
demografik o6zellikleri (cinsiyet, medeni durum,
yas, egitim seviyesi, ¢alisma siiresi, gérev invant
vb.) bilgi ifsas1 davranigina yon verebilir [7]. Bilgi
ifsasinda temel amag genellikle ifsa edenin kendini
ve bagkalarint koruma i¢gidisiidiir. Bununla
birlikte, psikolojik ihtiyaclar1 gidermek; prestij,
cesaret, Ozgliven gibi cesitli bireysel kazanimlar
elde etmek; bireylerin kisilik 6zelliklerinin geregi
farkli tutum ve davramiglarimi yansitmak ve
digerlerini kontrol altinda tutmak amaciyla da
calisanlar bilgi ifsas1 yapabilir [58].

Literatiirde yas, cinsiyet ve ¢aligma siiresine gore
caliganlarin bilgi ifsast niyeti ve davraniginin
farklilastig1 goriilmektedir. Arastirmacilar arasinda
cinsiyete gore bilgi ifsas1 davranigi konusunda farkl
goriisler bulunmaktadir. Etik degerler ve ahlaki
davranig agisindan kadin ve erkeler arasinda goriis
farklilig1 oldugu bilinen bir gergektir. Ancak, bazi
aragtirmacilar ~ kadinlarin  davraniglarinda  ve
yargilamalarinda erkeklere gore daha etik oldugu bu
nedenle daha yiiksek oranda bilgi ifsasinda
bulunabilecegini ifade ederken; bazi arastirmacilar
ise erkeklerin bilgi ifsasina daha meyilli oldugunu
ifade etmektedir. [47]. Calisma siiresi, bilgi ifsasi
davranisi ile ilgili diger bir demografik 6zelliktir.
Kidemli ¢alisanlarin kidemsiz c¢alisanlara gore
emeklilige daha yakin olmalari, daha az misilleme
korkusu yasamalari, Orgiitsel gliclerinin ve
bagliliklarinin daha fazla olmasi bu ¢aliganlarin
bilgi ifsasi davraniglarini arttirabilir [7]. Diger
taraftan ise yeni girmis kidemsiz c¢alisanlarin
hakkinda
olmayabilir ve ifsa edilen konuya kargi Orgiitiin

tepkisinden c¢ekinebilirler. Bu nedenle kidemsiz

orgiitsel yanlis uygulamalar bilgisi

calisanlar, orgiitsel aksakliklarin durdurulmasiyla
daha az ilgilenebilirler [59].

Literatiirde farkli sonuclar olmakla birlikte diger
calisanlarla kiyaslandiginda bilgi ifsasinda bulunan
calisanlarin iyi is performansina sahip, egitim
seviyesi gorev yiiksek, ahlaki
muhakemeleri iist seviyede olan c¢alisanlar oldugu
gozlenmektedir [7]. Ayrica ¢alisanlar kendilerinden
daha kidemli, pozisyon olarak giiclii, iyi Orgiitsel
iligkilere sahip olan ve yanlis uygulamalara neden
olan calisanlart misilleme korkusu nedeniyle ifsa
etmekte ¢ekingen davranabilirler [47]. Bilgi ifsast
ile ilgili bahsedilen davramigsal teoriler ve ilgili
literatiir taramasi 1s1ginda demografik ozelliklere
gore calisanlarin  bilgi  ifsas1  davraniginin
farklilasacag1 soylenebilir. Bu kapsamda asagidaKki
hipotez gelistirilmistir.

H.: Demografik dzelliklere (cinsiyet, medeni
durum, yas, ¢alisma siiresi, egitim seviyesi ve gérev

ve unvani

tinvani) gore ¢alisanlarin bilgi ifsast davranis
farklidir.

3. Yontem

3.1. Arastirmanin Amaci ve Onemi

Havacilik sektdriinde yapilan bu arastirmanin
amaci, proaktif kigilik Ozelliginin bilgi ifsasina
etkisini  incelemektir.  Arastirmada  ayrica
demografik 6zelliklere gore galisanlarin bilgi ifsasi
davraniginin  farklilik gosterip gostermedigi de
incelenmistir. Literatiire bakildiginda hizli bir
sekilde gelismekte olan havacilik sektoriinde
proaktif kisilik ve bilgi ifsasi kavramlariin
havacilik emniyeti acisindan iki Onemli olgu
oldugu; havacilik sektoriinde s6z konusu iki
kavramla ilgili c¢aligmalarin sinirli oldugu; bu
kapsamda arastirmamin ilgili literatiire katki

yapacag diigiiniilmektedir.
3.2. Arastirmanin Modeli ve Hipotezler

Literatiir taramasi 151831nda gelistirilen aragtirma
modeli ve hipotezler Sekil 1’de sunulmustur.
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Demografik
Ozellikler

Bilgi ifsast
Igsel
Dissal
Destekgei
Gizli

Proaktif
Kisilik
Ozelligi

Sekil 1. Aragtirma modeli
3.3. Ana Kiitle ve Orneklem

Arastirmanin ana kiitlesini, Istanbul ilindeki
Istanbul (117), Sabiha Gékgen (66) ve Hazerfan (7)
Havalimanlarinda ¢alisan toplam 190 hava trafik
kontrolorleri  olusturmaktadir.  Hava  trafik
kontrolorleri, havacilik sektoriinde hava araglarinin
ucus faaliyeti boyunca emniyetli ve etkin hareket
edebilmeleri i¢in gerekli olan yerdeki ve havadaki
faaliyetlerinin  toplamin kurallar
gergevesinde yiriiten ve ugus emniyeti i¢in hayati

uluslararasi

gorevleri yerine getiren dnemli bir ¢alisan grubudur
[38]. Arastirma kapsaminda belirlenen ana kiitleden
(N: 190) gerekli olan asgari orneklem biiyiikligi,
%095 giivenirlilik diizeyi ve %5 hata pay1 dikkate
alinarak (n: n0/1+n0/N) formiilii ile 127 hava trafik
kontrolorii olarak hesaplanmistir [60]. Arastirma
dahilinde

kolayda

orneklemi katilimcilara ulasabilmek

amaciyla ornekleme yontemi
kullanilmistir. Kolayda ornekleme yontemi, ana
kiitle  igindeki kolay ulasilabilir

katilimcilardan ucuz ve hizli veri toplama firsati

en ve
sagladigindan arastirmacilar tarafindan ihtiyag
duyulan 6rneklem biiyiikliigline ulasabilmek igin
yaygin olarak sosyal bilim arastirmalarinda tercih
edilmektedir [60]. Arastirma verileri, 2021 yili
Temmuz ve Agustos aylarn i¢inde Tirkiye Hava
Trafik Kontrolorleri Dernegi koordinesi ve isbirligi
ile ¢evrimi¢i  (online) anket yOntemiyle
toplanmigtir. Veri toplama siireci sonunda 113 adet
anket formu elde edilerek analize tabi tutulmustur.

3.4. Veri Toplama Araclari

Arastirmada veri toplama araci olarak anket
kullanilmistir. ~ Anket;  demografik
ozellikler, proaktif kisilik 6zelligi ve bilgi ifsast

yontemi

Olcekleri olmak flizere {i¢ boliim ve 32 sorudan
olusmaktadir. Katilimcilarin demografik

ozelliklerini (cinsiyet, medeni durum, yas, ¢alisma
sliresi, egitim seviyesi ve gorev linvani) belirlemek
amactyla 6 soru sorulmustur. Katilimcilarin proaktif
kisilik 6zelligini 6lgmek amaciyla Claes vd. [61]
tarafindan gelistirilen, tek boyutlu, 10 sorudan
olusan ve Akin ve Arici [62] tarafindan Tiirkge’ye
uyarlanan Proaktif Kisilik Ozelligi Olgegi
kullanilmistir. Arastirmacilar; 6lgegin Cronbach
Alfa giivenilirlik katsayisinin a: 0,86 oldugunu ve
dogrulayici faktor analizi sonucunda 6lgegin gegerli
(x2: 47.91; sd: 29; y2/sd: 1,65; p: 0,01; RMSEA:
0,044; NFI: 0,99; CFI: 0,99; GFI: 0,97; AGFI: 0,95)
oldugunu rapor etmislerdir. Olgek maddelerinin
faktor yiikleri 0,60 ile 0,75 arasinda degismektedir.
Katilimeilarin bilgi ifsas1 algisint 6lgmek igin ise 4
boyutlu (I¢sel-5; Dissal-4; Destek¢i-4 ve Gizli-3),
16 sorudan olusan ve Celep ve Konakli [30]

tarafindan  egitim  sektoriinde yapilan  bir
arastirmada  kullanilan  Bilgi  Ifsas1  Olgegi
kullanilmistir.  Igsel  bilgi ifsast  oOrgiit ici

yoneticilere, digsal bilgi ifsas1 6rgiit disina, destekgi
bilgi ifsas1 meslektaslara, gizli bilgi ifsasi ise isim
vermeden yapilan ifsay1 ifade etmektedir.
Arastirmacilar; 6l¢egin Cronbach Alfa giivenilirlik
katsayisinin a: 0,76 oldugunu ve dogrulayici faktor
analizi sonucunda Slgegin gegerli (y2: 223,32; sd:
84; x2/sd 2,65; p: 0,00; RMSEA: 0,077; NFI: 0,91;
CFI: 0,95; GFI: 0,90; AGFI: 0,085) oldugunu rapor
etmislerdir. Olgek maddelerinin faktor yiikleri 0,59
0,88

Olceklerinde

ile arasinda  degismektedir.

katilimcilarin ~ sorulara

Arastirma
verecegi
cevaplar, 5’li Likert yontemine gore hazirlanmistir.

3.5. istatistiksel Analiz

Arastirma verileri, SPSS 21.0 istatistik programi
edilmigtir. ~ Veri
oncesinde verilerin normal dagilim gosterip

kullanilarak  analiz analizi
gostermedigini test etmek i¢in ¢arpiklik ve basiklik
testi yapilmig ve verilerin analiz asamasinda
frekans, yiizde, ortalama ve standart sapma gibi
tanimlayici istatistiksel yontemler kullanilmigtir.
Arastirmada kullanilan Glgeklerin gecerliligini test
faktor ve
giivenilirligini 6l¢mek igin literatiirde yaygin olarak
kullanilan Cronbach Alfa katsayisi ile Birlesik/Yap1
Giivenirliligi (Composite/ Construct Reliabilitiy-
CR) ve Ortalama Agiklanan Varyans (Average
Variance Extracted-AVE) degerleri kullanilmustir.
Hipotez testlerinde Pearson korelasyon, basit

etmek icin  agiklayici analizi
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dogrusal regresyon, T-Testi ve tek yonlii varyans
(ANOVA) analizleri kullanilmistir. Verilerin analiz

sonuglar, %95 giliven araliginda ve p<,05
istatistiksel anlamlilik diizeyinde
degerlendirilmistir.

4. Bulgular ve Analiz

Tablo 1. Katilimcilarin demografik 6zellikleri

Degiskenler Gruplar N %
Cinsivet Erkek 75 66,4
nstye Kadin 38 33,6
Medeni Evli 70 61,9
Durum Bekéar 43 38,1
26-29 21 18,6

30-35 37 32,7

Yas 36-39 14 12,4
40-45 22 19,5

46-49 10 8,8

50+ 9 8

3 Yildan Az 3 2,7

Calisma 3-8 48 37,2
Siiresi 9-14 25 22,1
15-19 22 19,5

20+ 21 18,5

Egitim Lifans . 83 73,5
Seviyesi Yiiksek Lisans 28 24,7
Doktora 2 1,8

Gorev Kontrolor 97 85,8
Unvani Yonetici / Sef 16 14,2
N: 113 %100

Tablo 2. Proaktif kisilik 6zelligi 6lgegi faktor analizi

Tablo 1 incelendiginde katilimcilarin ¢ogunun
(%66,4) erkek; evli (%61,9); lisans mezunu (%73,5)
ve hava trafik kontroldrii gérev iinvaninda (%85,8)
oldugu goriilmiistiir. Bununla birlikte 46 ve yukari
yas grubu (%16,8) ve 3 yildan az ¢alisma siiresine
(%2,7) ait ¢alisanlarin daha az oldugu gortilmiistiir.

4.1. Gegerlilik ve Giivenilirlik Analizleri

Genellikle katilimer sayismin 150°nin altinda

oldugu  kosullarda  arastirma  Olceklerinin
gegerliligini 6l¢mek icin dogrulayici faktor analizi
uygun  goriilmemektedir  [60].  Arastirmada

orneklem sayisinin az olmasi (N: 113) sebebiyle
Olceklerin gecerliligini 6l¢mek icin agiklayici faktor
analizi yapilmistir. Faktor analizinden Once,
orneklem yeterliligini test etmek i¢in Kaiser-Meyer-
OlkinMeasure (KMO) testi; 0Olgek maddeleri
arasindaki iligkilerin faktdr analizi yapabilecek
kadar yeterli olup olmadigini belirlemek i¢in Barlett
Kiiresellik Testi yapilmig ve 6lgekleri olusturan her
bir maddenin faktor yiikiine bakilmigtir. Proaktif
kisilik 6zelligi 6lgegi agiklayici faktor analizi Tablo
2’de sunulmustur.

S/N Maddeler Faktor Yiikii
1 Kendi yasamimi gelistirmek i¢in siirekli yeni yollar arastiririm. ,584
2 Nerde olursam olayim, yapici bir degisim i¢in giiglii bir etkiye sahibim. 711
3 Higbir sey beni kendi dislincelerimi gergege doniistirmekten daha ¢ok 717

heyecanlandiramaz. ’
4 Eger hoslanmadigim bir sey goriirsem, onu diizeltirim. ,627
S Ne kadar tuhaf olursa olsun, bir seye inanirsam onu yaparim. ,582
6 Digerlerinin goriislerine uymasa bile kendi diigiincelerimi savunmay1 severim. ,529
7 Firsatlar1 belirleme ve tanimlamada miikemmelimdir. 712
8 Her zaman bir seyin en iyisini yapmanin yollarmi ararim. 677
9 Eger bir seye inanirsam, hi¢bir sey onu gergeklestirmemi engelleyemez. ,694
10 Cevremdeki imkanlar1 diger insanlardan daha iyi tespit ederim. ,693

KMO: 0,805 Bartlett Kiiresellik Testi: Yaklagik x2: 396,973 df: 45 Sig.: ,000 Toplam Varyans: %55,04

Tablo 2 incelendiginde 10 sorudan olusan
proaktif kisilik olgeginin KMO degerinin 0,805
(cok iyi) oldugu ve bu sebeple 6rneklemin faktor
analizi i¢in yeterli oldugu, Bartlett Kiiresellik Testi
sonucunun anlamli [x2(45): 396,973, Sig.:

,000<,05] olmasi sebebiyle 0Olgek maddeleri

arasindaki iligkilerin faktor analizi ig¢in uygun
oldugu; tek boyutlu o6lcegin toplam varyansin
%55,04°nii agikladigr ve 6lgek maddelerinin yiik
,582-,717 oldugu
goriilmistir [60, 63]. Bilgi ifsast Olgegi faktor
analizi Tablo 3’te sunulmustur.

degerlerinin, arasinda
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Tablo 3. Bilgi ifsas1 6l¢egi faktor analizi

.. Faktor  Aciklanan
Faktor  S/N Maddeler viikii  Varyans %
1 Gordigiim olayi, dogrudan sorumlu oldugum ilk yoneticiye bildiririm. ,445
2  Gordigiim olay1 dogrudan iist yonetime bildiririm. ,763
csel 3 Sdiﬁ%gﬁm olay1 dogrudan igyerimdeki diger {ist diizey yoneticilere rapor ,7199 13,23
5 Olay1 isyerimde kullandigimiz prosediirlere (tutanak tutma, dilekge 561
verme vb.) gore hareket ederek bildiririm. '
6 Gordigim olay: calistigim isyerine benzeyen ve igyerimle ayni amact 7192
tasiyan diger kurumlara bildiririm.
7 Gordigiim olay1 igyerimle ilgili yasal mercilere (SHGM, mahkeme vb.) ,791
Dissal bildiririm. 17 89
g 8 Gordiigiim olay hakkinda diger toplumsal kurumlarin (dernek, sendika ,700 '
vb.) bilgi edinmesini saglarim.
9 Gordiigiim olay1 medya veya sosyal medya araciligiyla kamuoyuna ,788
duyururum.
10 Gordigim olayr (herhangi bir resmi islem yapmadan) ayni sorunu ,817
yasayan veya gozlemleyen meslektaslarima bildiririm.
Gordigiim olay1, yapilanlarin diizeltilmesinde sorumluluk hissedecegini ,765
11 T i e
. diisiindiigiim herhangi bir meslektagima bildiririm.
Destekgi PO, ... N 17,96
12 Gordiigim olay1 (resmi bir iglem yapmadan) sorunun ¢6ziimiinde ,810
dogrudan etkili olabilecek bir meslektasima bildiririm.
13 Gordiigiim olay1 kendimi yakin hissettigim herhangi bir meslektasima ,692
bildiririm.
14 Tanik oldugum olay1 kimligimin gizli tutulmasi kosuluyla ger¢ek ismimi ,807
vererek bildiririm.
Gizli Tanik oldugum olay1 ismimi vermeden ancak mensubu oldugum ,898 13, 86
15 A A
grubu/kurumu/birimi belirterek bildiririm.
16 Tanik oldugum olay1 kimligimle ilgili higbir bilgi vermeden bildiririm. ,548
KMO: 0,671 Bartlett Kiiresellik Testi: Yaklagik x2: 599,538 df: 105 Sig.: ,000 VTOD'amO 62,94
aryans %
Tablo 3’te sonuglar1 goriilen 16 maddelik Bilgi Tab|9.4' Giivenilirlik analiz sonulari
; N . .. .. . Degiskenler a CR AVE
Ifsast Olgegi faktor analizinden once yapilan ilk —
. .. . o - . Proaktif Kisilik Ozelligi ,85 ,88 43
faktor analizinde igsel bilgi ifsasi faktoriine ait L
1o e .. o e Bilgi Ifsasi ,70 ,94 ,55
Olgegin  4’ncli  maddesinin (Gordiigiim olay ) )
. . . . .. . .. I¢sel Bilgi Ifsasi ,60 74 45
isyerimde kime iletmemiz isteniyorsa, o kisi ya da >0
birime sozlii olarak bildiririm.) capraz yiiklenme ve Digsal Blllg.l Hjsj‘m 79 85 59
faktor yiikiiniin diisiik olmas1 nedeniyle séz konusu Destekgi B1'1g1 Ifsast 80 85 59
madde ¢ikartilarak tekrar faktor analizi yapilmustir. Gizli Bilgi Ifsast 69 80 58

Tablo 3 incelendiginde 15 sorudan olusan bilgi
ifsas1 6lgegi KMO degerinin 0,671 (iyi) oldugu ve
bu sebeple orneklemin faktor analizi igin yeterli
oldugu; Bartlett Kiiresellik Testi sonucunun anlaml
[x2(105): 599,538; Sig.: ,000<,05] olmasi
sebebiyle Olcek maddeleri arasindaki iliskilerin
faktor varimaks
dondiirme

icin uygun oldugu;
ile yapilan faktor

analizi
teknigi analizi
sonucunda 4 boyutlu 6l¢ek yapisinin ortaya ¢iktig;
bu yapinin toplam varyansin %62,94’nii agikladigi
ve Olgek maddelerinin faktor yiik degerlerinin ,445-
,898 arasinda oldugu goriilmiistir [60, 63].
Arastirma oOlgeklerinin giivenirliligini 6l¢mek igin
Cronbach Alfa Katsayisi (o), CR ve AVE degerleri
incelenmis ve sonuglar Tablo 4’de sunulmustur.

Tablo 4’te goriilen arasgtirma Olgeklerine ait

giivenilirlik  analizi  sonuglar1  incelendiginde
Proaktif Kisilik Olgegi giivenilirlik katsayisinin (o::
,85) vyiiksek; Bilgi Ifsas1 Olgegi giivenilirlik
katsayisinin (a: ,70) kabul edilebilir oldugu; bilgi
ifsas1 boyutlarina bakildiginda en diisiik giivenilirlik
katsayisinin igsel bilgi ifsast boyutunda (o: ,60)
olmakla birlikte, s6z konusu giivenilirlik
katsayisinin kabul edilebilir seviyede oldugu; diger
boyutlarin (dissal a: ,79; destek¢i  a: ,80 ve gizli a:
,609) giivenilirlik katsayilarinin ise kabul edilebilir
ve ylksek seviyede oldugu [63] gorilmiistiir.
Olgeklerin CR degerleri incelendiginde degerlerin

(,88-,94) ,70’den yiiksek oldugu; AVE degerlerine
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bakildiginda bilgi ifsas1 (,55) ile digsal bilgi ifsast
(,59), destekei bilgi ifsas1 (,59) ve gizli bilgi ifsast
(,58) alt boyutlarinin AVE degerlerinin ,50’den
yiiksek; bununla beraber proaktif kisilik 6lgegi ve
icsel bilgi ifsas1 alt boyutu AVE degerlerinin (,43;

44)  ,50’den  kismen disik oldugu [64]
goriilmiistiir. Olgeklere ait gegerlilik ve giivenilirlik
degerleri incelendiginde genel olarak sorun

yaratacak bir degerin olmadigini hem proaktif
kisilik 6zelligi hem de bilgi ifsas1 6lgeginin gegerli
ve glivenilir oldugunu sdylemek miimkiindiir.

4.2. Hipotez Testleri

Arastirmanin hipotezlerini test etmeden Once
kullanilacak analiz yontemlerini belirlemek igin,
toplanan verilerin normal dagilim gosterip
gostermedigi incelenmistir. Bir verinin normal
dagilim  gosterip  gostermedigini  Glgmenin
yollarindan biri, verilerin ¢arpiklik (skewness) ve
basiklik (kurtosis) degerlerine bakmaktir. Normal
bir dagilimda bu degerler, -1,5 ve +1,5 arasinda
olmalidir [65]. Verilerin normal dagilim testi

sonuglari Tablo 5’de sunulmustur.

Tablo 6. Korelasyon analizi

Tablo 5. Verilerin normal dagilim testi

Degiskenler Carpikhk Basikhk
Proaktif Kisilik Ozelligi ,628 ,079
Bilgi ifsas1 ,098 -,083
Icsel Bilgi ifsast ,897 1,27
Dissal Bilgi 1fsa51 ,651 117
Destekgi Bilgi Ifsas -,390 ,563
Gizli Bilgi Ifsasi ,195 ,011

Tablo 6 incelendiginde arastirma olgekleri ile
toplanan verilerin ¢arpiklik ve basiklik degerlerinin
-1,5 ve +1,5 arasinda oldugu ve normal dagilim
gosterdigi  goriilmiistiir. Bu nedenle hipotez
testlerinde parametrik testlerden olan Pearson
korelasyon, dogrusal regresyon, T-Testi ve
ANOVA testleri kullanilmastir.

4.2.1. Degiskenler Arasi Iligkiler Analizi

Proaktif kisilik ozelligi ile bilgi ifsasi ve alt
boyutlar1 arasindaki iligkileri belirlemek amaciyla
yapilan korelasyon analizi, degiskenlere ait
aritmetik ortalama ve standart sapma degerleri
Tablo 6’da sunulmustur.

Degiskenler _ Ort. S.S. 1 2 3 4 5 6
1. Proaktif Kisilik Ozelligi 3,62 53 -

2. Bilgi ifsas1 2,84 42 ,316** -

3. I¢sel Bilgi ifsasi 3,18 ,62 ,169 A41%* -

4. Digsal Bilgi ifsasi 2,04 71 ,234%* ,694** ,130 -

5. Destekgi Bilgi Ifsas 3,53 e ,355** ,625** -,008 ,251%* -

6. Gizli Bilgi ifsas 2,55 ,87 -,064 ,D27** -,006 ,181 ,079 -

** p< 0,01 N:113 Ort.: Ortalama S.S.: Standart Sapma
Korelasyon katsayisinda (r); ,10-,30 arasi zayif;

,30-,50 aras1 orta; ,50-,80 arasi giiglii ve ,80’den
yukarisi ise ¢ok giiglii olarak degerlendirilir [63].
Tablo 6 incelendiginde proaktif kisilik 6zelligi ile
bilgi ifsast (r: ,316) ve destekgi bilgi ifsas1 (r:
,355) arasinda pozitif yonlii orta seviyede; digsal (r:
,234) veigsel (r:,169) bilgi ifsasi ile arasinda pozitif
yonlii zayif; gizli bilgi ifsas1 (r: -,064) ile arasinda
ise negatif yonli ve son derece zayif bir iliski
oldugu gorilmiistir. Degiskenlere ait aritmetik
ortalamalar incelendiginde hava trafik
kontroldrlerinin  proaktif kisilik 6zelliklerinin
ortalamanin Tlizerinde (ort: 3,62); bilgi ifsast

davraniglariin  ortalamaya yakin (ort: 2,84);
destekgi icsel bilgi ifsasi
ortalamanin iizerinde (ort: 3,55-3,18) ancak dissal
ve gizli bilgi ifsas1 davraniglariin daha diisiik (ort:
2,04-2,55) oldugu goriilmistiir.

ve davraniglarinin

4.2.2. Proaktif Kisilik Ozelliginin Bilgi ifsasina
Etkisi

Proaktif kisilik ozelliginin bilgi ifsas1 ve alt
boyutlarina etkisini 6lgmek amaciyla yapilan basit
dogrusal regresyon analizleri sonuglar1 Tablo 7°de
sunulmustur.
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Tablo 7. Regresyon analizi

Bagimh Degisken R R? Diizeltilmis R? Beta (B) P

Bilgi Ifsas1 ,316 ,100 ,092 ,316 ,001
Icsel Bilgi ifsast ,169 ,029 ,020 ,169 ,073
Dissal Bilgi Ifsasi ,234 ,055 ,046 ,234 ,013
Destekgi Bilgi Ifsas ,355 ,126 ,118 ,355 ,000
Gizli Bilgi Ifsasi -,064 ,004 -,005 -,064 ,500

Bagimsiz Degisken: Proaktif Kisilik Ozelligi N: 113

* P< 0,05 ise anlamlidir.

W ) - . -
Tablo 7°de gorillen regresyon analizleri Diizeltilmis R degerlerine  bakildiginda,

sonuglart incelendiginde igsel ve gizli bilgi ifsast alt katilimcilarm bilgi ifsas1 davranisindaki varyansin

%9’u; digsal bilgi ifsas1 davranisindaki varyansin
%4’ ve destek¢i bilgi ifsasi davranigindaki
varyansin ise %]11’inin katilimcilarin  proaktif
kisilik 6zelligi tarafindan belirlendigi gorilmustiir.

boyutlarinin  regresyon modellerinin  anlamli
olmadig1 (p: ,073; ,500>0,05); ancak bilgi ifsas1 ve
alt boyutlarindan digsal ve destek¢i bilgi ifsasi
regresyon modellerinin anlamli oldugu (p: ,001;

,013; ,000<0,05) gorulmustir. Tablodaki 4.2.3. Demografik Ozelliklere Gore
katsayilari incelendiginde hava trafik Karsilastirma Analizleri

kontrolorlerinin proaktif kisilik 6zelliginin bilgi Demografik  6zelliklere gore hava trafik
ifsas (B: ,316), digsal bilgi ifsast (B: ,234) ve kontroldrlerinin bilgi ifsas1 davramisinin farklilik
destekei bilgi ifsast (B: ,355) davranislarini pozitif gosterip  gostermedigini  belirlemek amaciyla
olarak etkiledigi; ancak igsel ve gizli bilgi ifsasi yapilan T-Testi ve ANOVA testleri sonuglar
davranislarini etkilemedigi goriilmiistiir. asagida sunulmustur.

Tablo 8. Cinsiyete gore bilgi ifsasi

Bilgi ifsas1 icsel Bilgi ifsas1 Dissal Bilgi ifsast Destekei Bilgi ifsast Gizli Bilgi ifsas1
Cinsiyet N Ort. SS. t P Ort. SS. t P Ort. S.S. t P Ort. S.S. t P Ort. S.S. t P
Erkek 75 2,85 ,46 3,20 .64 2,08 ,80 2,98 45 2,57 89
275 784 391,697 764 377 -076 ,940 369,713
Kadin 38 2,83 ,35 3,15 ,58 197 49 2,99 45 2,50 ,85

* P< 0,05 ise anlamli farklilik vardir. Ort.: Ortalama S.S.: Standart Sapma

Tablo 8’deki T-Testi sonuglari incelendiginde ifsas1 davraniginda anlamli bir farklilik olmadig: (P:
cinsiyete gore hava trafik kontrolorlerinin bilgi ,275; ,697; ,377; ,940; ,713>0,05) gorulmiistiir.
Tablo 9. Medeni duruma gore bilgi ifsasi

Bilgi ifsas1 icsel Bilgi ifsasi Dissal Bilgi ifsasi Destekei Bilgi ifsast Gizli Bilgi ifsas1
Medeni  \ o ss. t P ot SS. t P Ot SS. t P Ot SS. t P Ot SS t P
Durum
Evli 70 2,84 46 323 61 2,06 ,69 2,93 45 2,56 ,83
-,167 ,868 1,135 ,259 335 738 -1,742 ,084 159 874
Bekar 43 2,85 ,36 3,09 ,63 201 76 3,08 41 253 95

Tablo 9’daki T-Testi sonuglar1 incelendiginde olmadig1 (P: ,868; ,259; ,738; ,084; ,874>0,05)
medeni duruma gore hava trafik kontrolorlerinin gorillmiistiir.

bilgi ifsast davramiginda anlamli bir farklilik

Tablo 10. Yasa gore bilgi ifsasi

Bilgi ifsasi icsel Bilgi ifsas: Dissal Bilgi ifsas1  Destekgi Bilgi ifsas1  Gizli Bilgi ifsas:
Yas N Ort. S.S. F P Ort. S.S. F P Ort. SS. F P Ort. SS. F P Ort. SS. F P
2629 21 312 36 315 43 248 96 314 48 293 91
3035 37 2,77 44 298 64 1,89 65 285 42 254 90
3639 14 286 47 326 70 198 76 2,67 59 2,42 1,00
w045 2 212 32 3,036 013 336 64 1,404 229 205 57 2,161 064 a1l 3 3,996 ,002 233 80 1,399 231
46-49 10 294 38 335 45 2,02 49 307 23 2,66 54
50+ 9 268 43 330 81 204 71 325 17 2,25 77
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Tablo 10°daki ANOVA testi sonuglari yas grubu kontrolorlerin (Ort.: 3,12); 30-35 (Ort.:
incelendiginde yas gruplarina gore hava trafik 2,77) ve 40-45 (Ort.: 2,72) yas grubu kontrolorlerle
kontolorlerinin icsel, dissal ve gizli bilgi ifsasi kiyaslandiginda daha fazla bilgi ifsas1 davranisinda
davraniglarinda anlamli bir farklilhik olmadigi (P: bulundugu; bununla birlikte 36-39 yas grubu
,229; ,064; ,231>,05); ancak bilgi ifsas1 ve destekei kontrolérlerin (Ort.: 2,67); 26-29 (Ort.: 3,14), 40-
bilgi ifsas1 davranislarinda anlamli bir farklilik 45 (Ort.: 3,11) ve 50 yas dsti (Ort.: 3,25)
oldugu (P: ,013; ,002<,05) gorilmiistir. Yas kontrolorlerle kiyaslandiginda daha az destekgi
gruplart arasindaki farkliliklar1 belirlemek igin bilgi ifsas1 davranisinda bulundugu goriilmiistiir.
yapilan Tukey Testi sonuglarina bakildiginda 26-29
Tablo 11. Calisma siiresine gore bilgi ifsasi

Bilgi ifsasi icsel Bilgi ifsas: Dissal Bilgi ifsas1  Destekgi Bilgi ifsas1  Gizli Bilgi ifsas:
Siire N Ort. S.S. F P Ort. S.S. F P Ort. SS. F P Ort. SS. F P Ort. SS. F P
3’den az 3 313 20 291 |14 250 ,43 3,25 ,43 4,00 ,88
3-8 42 294 43 3,10 ,61 2,16 ,83 2,92 50 2,64 83
9-14 25 281 49 1,759 ,142 3,14 62 778 542 194 80 877 ,480 286 ,49 1,924 112 2,56 ,98 3,001 ,022
15-19 22 269 36 331 ,66 1,92 56 3,07 ,35 2,27 87
20+ 21 280 ,38 3,29 ,64 2,04 |72 3,14 27 244 62

Tablo 11°deki ANOVA testi sonuglari Farkliligin hangi yas grubundan kaynaklandigini

incelendiginde g¢aligma siiresine gore hava trafik belirlemek igin yapilan Tukey Testi sonuglarina
kontoldrlerinin bilgi ifsas1 ile igsel, digsal ve bakildiginda 3 yildan az calisma siiresine sahip
destekei bilgi ifsasi davraniglarinda anlamli bir kontrolérlerin (Ort.: 4,00) diger kontrolorlere gore
farklilik olmadig1 (P: ,142; ,542; ,480; ,112>,05); daha fazla gizli bilgi ifsasinda bulunduklar
ancak gizli bilgi ifsast davranislarinda anlamli bir gOriilmustiir.

farklihik oldugu (P: ,022<,05) goriilmiistiir.
Tablo 12. Egitim seviyesine gore bilgi ifsasi

Bilgi ifsas1 icsel Bilgi ifsasi Dissal Bilgi ifsas1  Destekei Bilgi ifsas1  Gizli Bilgi ifsasi
Seviye N Ort. S.S. F P Ort. S.S. F P Ort. SS. F P Ort. SS. F P Ort. SS. F P
Lisans 83 2,83 40 3,16 .64 1,99 ,66 3,00 ,49 2,56 ,87
Y.Lisans 28 285 49 1538 219 323 57 223 800 2,20 ,86 ,935 ,396 2,93 ,28 316 ,729 244 85 1881 ,157
Doktora 2 336 ,05 337 53 1,87 ,88 312 17 3,66 ,94

Tablo 12’deki ANOVA testi sonuglari davraniglarinda anlamli bir farklilik olmadig: (P:
incelendiginde egitim seviyesine gore hava trafik ,219; ,800; ,396; ,729:, 157>,05) goriilmiistiir.
kontoldrlerinin bilgi ifsast ve alt boyutlartyla ilgili
Tablo 12. Gorev tinvanina gore bilgi ifsast

Bilgi ifsas1 icsel Bilgi ifsas1 Dissal Bilgi ifsast Destekei Bilgi ifsast Gizli Bilgi ifsas1

Unvan NotsSS t P Ot SS t P Ot SS. t P Ot SS. t P Ot SS. t P
Kontrolér 97 2,84 ,43 3,20 ,64 199 ,69 2,96 47 2,54 88
Yonetici 16 285 41 2 M ggg g5 10029 o gy LB DBy 1 2TE 08 Hgp gy 10 BT

Tablo 12°deki T-Testi sonuglar1 incelendiginde goriilmiistiir. Aragtirma kapsaminda yonetici olarak
gOrev invanina gore ¢alisanlarin bilgi ifsasi ile i¢sel (amir, sef, egitmen) degerlendirilen c¢alisanlarin
ve gizli bilgi ifsasi davraniglarinda anlamli bir diger hava trafik kontrolorleri ile kiyaslandiginda
farklilik olmadig1 (P: ,911; ,293; ,877>,05); ancak daha fazla digsal (Ort.: 2,37) ve destekgi (Ort.: 3,12)
digsal ve desteke¢i bilgi ifsast davraniglarinda bilgi davraniglarinda bulundugu goriilmiistiir.

anlamli bir farklilik oldugu (P: ,048; ,008<,05)
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5. Tartisma ve Sonug¢

Glniimizde havacilik sektorii; ekonomik, hizlh
ve giivenli bir yolcu ve yiik tasimaciligr hizmeti
sagladig1 icin ulagim sektoriiniin ayrilmaz bir
parcasi haline gelmistir. Havacilik faaliyetlerinin
dogas1 geregi olay ve kazasiz siirdiiriilebilmesi i¢in
tiim faaliyetlerin emniyetli bir sekilde icra edilmesi
gerekir. Havacilik emniyetinde olay ve kazalarin
olmadan 6nce 6nlenmesi i¢in proaktif yaklagim ve
her tiirlii faaliyette goriilen yanlis uygulamalarin
ifsa edilmesi Onemlidir. Havacilik c¢alisanlarinin
proaktif kisilik 6zelligi ve bilgi ifsas1 davraniginin
havacilik emniyetine katki saglayacak ve birbiriyle
iligkili iki kavram oldugu diistiniilmektedir. Bundan
dolay1 bu calismada havacilik sektoriinde ugus
faaliyetlerinin emniyetli bir sekilde
gerceklesmesine Onemli katkilar saglayan hava
trafik kontrolorleri lizerinde yapilan bir aragtirma ile
proaktif kisilik 6zelliginin bilgi ifsasina etkisi ve
demografik 6zelliklere gore galigsanlarin bilgi ifsasi
davranmiginin -~ farklililk  gosterip  gostermedigi
incelenmistir.

Arastirmaya c¢ogunlugunu erkek calisanlarin
olusturdugu 113 hava trafik kontroldrii katilmistir.
Arastirmada hipotez testlerine gegmeden Once
yapilan aciklayic1 faktér analizi ve giivenilirlik
testlerinde aragtirma Olgeklerinin  gegerli
giivenilir oldugu ve s6z konusu 6lgeklerle toplanan
verilerin normal dagilim gosterdigi goriilmiistiir.
Degiskenler arasindaki iligkileri  belirlemek

Ve

amaciyla yapilan korelasyon analizi sonucunda,
proaktif kisilik 6zelligi ile bilgi ifsas1 ve destekgi
bilgi ifsas1 arasinda pozitif yonlii orta seviyede bir
iligki; digsal ve igsel bilgi ifsasi ile arasinda pozitif
yonli zayif; gizli bilgi ifsasi ile arasinda ise negatif
yonlii ve son derece zayif bir iliski oldugu
gorilmistir. Proaktif kisilik 6zelliginin bilgi ifsast
ve alt boyutlart lizerindeki etkisini 6lgmek igin
yapilan regresyon analizleri sonucunda ¢alisanlarin
proaktif kisilik 6zelliginin bilgi ifsast davranigini
pozitif olarak etkiledigi ve calisanlarin bilgi ifsasi
davranigindaki %9 oranindaki varyansin proaktif
kisilik 6zelligi tarafindan belirlendigi goériilmiistiir.
Proaktif kisilik 6zelliginin digsal ve destekei bilgi
ifsas1 davranisimi pozitif etkilerken, i¢sel ve gizli
bilgi ifsas1 davranigini etkilemedigi goriilmiistiir.

Demografik ozelliklere gore yapilan
karsilastirma analizleri sonucunda; cinsiyet, medeni
durum ve egitim seviyesine gore c¢alisanlarin bilgi

ifsas1 davraniginin  farklilasmadigi  goriilmustiir.
Yasa gore calisanlarin bilgi ifsast davraniginin
farklilastig1; 20°1i yaslardaki galisanlarin digerlerine
gore daha fazla bilgi ifsasinda bulundugu; 50 yas
calisanlarin  ise destek¢i bilgi ifsast
davraniglarinin digerlerine gore daha fazla oldugu

usti

goriilmistiir. Caligma siiresine gore, 3 yildan az
calisma siiresine sahip ¢alisanlarin digerlerine gore
daha fazla gizli bilgi ifsasina yoneldigi; gorev
tinvanina gore yapilan karsilastirmada ise yOnetici
pozisyondaki calisanlarin ast pozisyonundaki
caligsanlara gore daha fazla digsal ve destekgi bilgi
ifsasinda bulunduklar1 goriilmiistiir. Elde edilen
bulgulara bakildiginda arastirma i¢in gelistirilen Hi
ve H: hipotezlerinin kabul edildigini sdylemek
mimkiindiir.

Proaktif kisilik 6zelligi, kisinin ¢evresini kontrol
etme ihtiyacindan kaynaklanir bireylerin
etkilemek i¢in ne Olglide harekete
gectigini yansitir. Bu kisilik 6zelligi, durumsal
giicler tarafindan nispeten smirlanmayan ve
cevresel degisimi tetikleyen bir oOzelliktir [13].
Proaktif kisilik ozelligine sahip c¢alisanlar
gordiikleri yanlis uygulamalar1 ifsa etmek igin
harekete gegeceklerdir [66]. Proaktif kisilik 6zelligi
ile yapici muhalefet arasinda pozitif bir iligki vardir
[67]. Diger durumsal degiskenlerle birlikte
proaktiflik, bireylerin bilgi ifsasi davranigini
aciklamada 6nemli bir kisilik 6zelligi olabilir [8].
Miceli vd. [9] tarafindan Amerika’da 3000’den
fazla kisinin katihmi ile yapilan bir arastirmada

ve
gevresini

proaktif kisilik 6zelliginin bilgi ifsasim pozitif
olarak  etkiledigi Literatiire
bakildiginda proaktif kisilik 6zelliginin bilgi ifsasini
etkileyebilecek  bir  kisilik  6zelligi  oldugu
goriilmektedir. Literatiirdeki arastirmalarin
cogunda caliganlarin yanlis uygulamalarla ilgili

gOrilmistiir.

olarak oncelikle orgiit icine yoneldigi ve daha ¢ok
icsel bilgi ifsas1 yaptiklar1 goriilmektedir. Haroon
[1] tarafindan Pakistan’da yapilan c¢aligmada da
proaktif davranigin igsel bilgi ifsasini etkilerken
digsal bilgi ifsasim etkilemedigi goriilmiistiir. Bu
calismada ilgili literatiirden kismen farkli olarak
proaktif kisilik oOzelliklerinin sadece digsal ve
destekei bilgi ifsasim etkiledigi goriilmiistiir. Orgiit
icindeki yanlis uygulamalarla ilgi olarak isim
vermeden gizli bilgi ifsas1 yapmak istemeyen ve
yoneticilerin  s6z konusu yanlishiklara ¢6zim
getirme konusunda iimidini kesen ¢alisanlar ¢6ziim
noktas1 olarak meslektaslar1 ve orgiit dis1 unsurlari
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gormiis ve onlara bilgi ifsasinda bulunmus
olabilirler. Bu kapsamda H: hipotez sonuglarinin
genel olarak literatiirdeki calismalarla uyum i¢inde
oldugu sdylenebilir

Literatiirde bazi1 arastirmacilar [7] yanlis
uygulamalara tanik olan ve elinde kanit bulunan
kadmn calisanlarin erkelere gore daha fazla bilgi
ifsasinda bulundugunu; bazi arastirmacilar [8] ise
erkeklerin daha fazla bilgi ifsasi yaptigimi One
siirmektedir. Cinsiyet ve bilgi ifsasi konusunda
arastirmacilar arasinda tam bir fikir birligi olmadig:
goriilmektedir. Bu caligmada literatiirden farkli
olarak gerek cinsiyet gerekse medeni durum ve
egitim seviyesine gore calisanlarin bilgi ifsasi
davramiginin farklilasmadigi goriilmiistiir. Egitim
seviyesine gore calisanlarin bilgi ifsas1 davranisinda
farklilik olmasi beklenebilirdi. Ciinkii
arastirmalarin ~ ¢ogunda  bilgi ifsas1  yapan
caliganlarin ¢ogunlukla egitim seviyesi yiiksek
kisiler oldugu konusunda fikir birligi oldugu
goriilmektedir. Arastirmada yas, caligma siiresi ve
gérev {linvanina gore calisanlarim bilgi ifsast
davraniginin farklilastig1 bulgusu literatiirle uyumlu
bir bulgu olmakla birlikte bazi farkli bulgularda
ortaya ¢ikmustir. Literatlirde yasli, kidemli ve gorev
iinvam1 yiliksek calisanlarin bilgi ifsasina daha
meyilli olduklar1 ifade edilmektedir [7, 46, 59].

Bu c¢alismada literatiirden farkli olarak, 20’li
yaglarda olan hem geng¢ hem kidemsiz denilebilecek
caliganlarin yash ve kidemli ¢aliganlara gore bilgi
ifsas1 yapmaya meyilli olduklart gorilmiistiir.
Sorumluluk duygusu, kendini ispatlama istegi,
bireysel amaglar, ¢alisma diizeni nedeniyle yanlig
uygulamalara daha fazla maruz kalma gibi bireysel
ve oOrgiitsel faktorler geng calisanlari bilgi ifsasina
yonlendirebilir. 50 yas {istii ¢alisanlarin destekgi
bilgi ifsasina yonelmesi, yanlis uygulamalari orgiit
icinde bir¢ok olaya tanik olmus ve yillarin
deneyimine sahip kendi mevkidaslar1 ve calisma
arkadaglartyla ¢6zmek istemelerinden
kaynaklanabilir. Diger taraftan 3 yildan az ¢aligma
siiresine sahip c¢alisanlarin diger ¢alisanlara gore

gizli bilgi ifsasinda bulunmak istemeleri;
kendilerinden yas ve tecriibe olarak kidemli diger
calisma arkadaslar ve yoneticilerinden

cekindikleri, misillemeden kagindiklar1 ve kariyer
geligimleri  ilgili ~ bir  sorun  yasamamak
istemelerinden dolay1 olabilir. Son olarak yonetici
pozisyonundaki ¢alisanlarin destek¢i ve digsal bilgi

ifsas1  davranisinda  bulunmasi, s6z konusu
caliganlarin Oncelikle yanlis uygulamalarla ilgili
ifsalar1  diger yapmak
istemeleri; eger aralarinda
cozemezlerse oOrgilit dis1 paydas ve ilgililere
(sorumlu  otoriteler, kamu, medya vb.)
yonelmelerinden  kaynaklanabilir.  Orgiitlerde
yoneticiler ¢alisanlara yon veren ve islerin belirli bir

plan dahilinde yiiriimesini saglayan bas aktorlerdir.

mevkidas yoOneticilere
aksakliklar1  kendi

Digsal bilgi ifsasi, c¢alisanlar tarafindan oncelikle
tercih edilen bir ¢oziim yolu olarak goriilmemekle
birlikte; orgiit ici siireglerle sorunlari ¢6zemeyen
yoneticilerin bu sorunlar1 mevkidaslarina ve
sorunlarin ¢éziimiine katki saglayabilecek orgiit dist
unsurlara ifsa etmesi dogru bir davranis olabilir. Bu
kapsamda, baz1 farkli sonuglar olmakla birlikte,
demografik ozellikler ve bilgi ifsast iliskisi
literatiirii ile Hz hipotezi sonuglarinin genel olarak
uyum i¢inde oldugu soylenebilir.

Havacilik sektoriiniin 6nemli bir ¢aligan grubunu
olusturan hava trafik kontroldrleri iizerinde yapilan
bu arastirmada, proaktif kisilik 6zelliginin bilgi
ifsas1 davranisini pozitif olarak etkileyen bir kisilik
ozelligi oldugu goriilmiistiir. Bu kapsamda basta
havacilik sektorii olmak {izere tiim sektorlerdeki
yonetici ve ¢alisanlara bazi 6nerilerde bulunulabilir.
Havacilik faaliyetlerinin etkin, verimli ve sorunsuz
yiiriitiilebilmesi i¢in emniyet 6nemli bir kavramdir.
Pozitif bir emniyet kiiltiirii i¢in ise ¢alisanlarin
proaktif kisilik ozelligi davraniglart ile
isletmelerin tiim siire¢lerde proaktif yaklagimi 6nem
arz etmektedir. Calisanlar, proaktif davranarak
goriinen yanlig uygulama ve aksakliklari ciddi bir
olay veya kazaya doniigmeden engelleyebilirler.
Proaktif calisanlarin insiyatif alan, g¢evresindeki

veE

degisimleri takip eden ve gevresini pozitif sekilde
degisime yonlendiren oldugu
orgiit iginde
goriilen yasa disi, etik ilkelere aykiri, emniyetsiz,

bireyler
unutulmamalidir. Diger taraftan,
zararli, yanlis uygulama ve davraniglarin ifsa
edilmesi 6zellikle havacilik sektoriinde faaliyetlerin
emniyetli bir sekilde icra edilmesine 6nemli katkilar
saglayacaktir. Proaktif davraniglar ve bilgi ifsasinin
havacilik emniyetine katki saglayan iki c¢alisan
davranist oldugu disiinildiigiinde yoneticiler
tarafindan ¢aliganlarin bu davramiglari sergilemeleri
tavsiye edilmelidir. Yanlis uygulamalarla ilgili bilgi
ifsas1 ya da raporlama yapan ¢aligsanlar igin orgiitsel
iletisim kanallar1 agik olmah

ve calisanlar

emniyetsizligi ortaya koyan, somut, kanita dayanan
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ve goniillii yaptiklar bilgi ifsalari nedeniyle 6nyargi
ya da misilleme ile karsilasmamalidir.

Arastirmaya dahil olan katilimer sayismin (N:
113) az olmasi ve aragtirmanin sadece hava trafik
kontrolorleri lizerinde yapilmis olmasi arastirmanin
onemli iki kisitini olugturmaktadir. Covid-19 salgini
siirecinde yapilan bu arastirmada diger havacilik
calisanlarina ulagmakta zorluk yasanmasi ve hava
trafik kontrolorlerinin yogun ve esnek calisma
saatlerinde calisiyor olmasi bu kisitlarin nedeni
olabilir. Proaktif kisilik ozelligi, bilgi ifsas1 ve
havacilik emniyeti ile ilgili literatiire katki yapacagi
diisiiniilen bu g¢alismanin degiskenlerinin ugus ve
kabin ekibi,
caliganlarimi da igine alan genis bir havacilik
calisanlar1 grubu ile farkli orgiitsel ve bireysel
degiskenlerle birlikte incelenmesinin gelecekte
151k tutacagi

ucak bakim ve yer hizmetleri

yapilacak caligmalara
diistiniilmektedir.

Etik Kurul Onay1
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Pilot Adaylarimin Ucus Okulu Se¢cim Davramisim Etkileyen Faktorlerin
Belirlenmesi
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Ozet

Havaciligin gelisimi ile dogru orantili olarak ugaklara ve de pilotlara olan talep artmaktadir. Pilotluk; seyahat imkan1 genis olan, farkli
kiiltiirler tamma ve birlikte galisma firsat1 veren ve de maddi olarak tatmin edici iicretler kazandiran bir meslek olarak Kkariyer
hedefleyen bireyler arasinda cazibesini siirdiirmektedir. Pilot olmak isteyen kisi sayisindaki artis ugus okullarina olan talebi arttirmustir.
Pilot adaylarinin ugus okulu segimlerini etkileyen kriterleri belirlemeye yonelik yapilan aragtirma, egitimine devam eden ve mezun
olmus pilotlardan olusan 168 katilimcidan elde edilen veriler ile yiiriitiilmiistiir. Aragtirma sonucu ugus okulu se¢imini etkileyen
kriterler 4 faktor altinda 16 madde ile belirlenmistir. Pilot adaylarinin ugus okulu se¢im kriterleri arasinda 6ne ¢ikan maddelerin
egitimin igerigi, ugus 6gretmenleri, egitim ucaklar1 ve egitimi bitirmek i¢in gerekli slire oldugu tespit edilmistir. Pilot adaylarmin ugus
okulu se¢im kriterlerinin tespit edilmesi, ugus okullarinin pazarlama stratejilerini olusturmada yarar saglayacaktir. Ugus okullarina
pazarlama stratejileri i¢in dnerilerde bulunulmustur.

Anahtar Kelimeler: Havacilik, Pilot, Pilot aday: tiiketici davranisi, Ugus okulu se¢imi

Determination of Factors Affecting Pilot Candidates' Flight School Selection
Behavior

Abstract

In direct proportion to the development of aviation, the demand for airplanes and pilots is increasing. Piloting; it continues to be
attractive among individuals who aim for a career as a profession that has wide travel opportunities, gives the opportunity to get to
know different cultures and work together, and earns financially satisfactory wages. The increase in the number of people who want to
become pilots has increased the demand for flight schools. The research conducted to determine the criteria affecting the flight school
choices of pilot candidates was conducted with the data obtained from 168 participants, who are continuing their education and
graduated from pilots. As a result of the research, the criteria affecting the choice of flight school were determined with 16 items under
4 factors. It has been determined that the most prominent items among the flight school selection criteria of the pilot candidates are the
content of the training, flight teachers, training aircraft and the time required to complete the training. Determining the flight school
selection criteria of the pilot candidates will be beneficial in creating the marketing strategies of the flight schools. Suggestions for
marketing strategies were made to flight schools.
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Corresponding Author/Sorumlu Yazar: Bekir Tuncer  btuncer@mu.edu.tr

Citation/Alint1: Tuncer B., Kizgin O. (2021). Pilot Adaylarinin Ugus Okulu Se¢im Davranisini Etkileyen Faktorlerin
Belirlenmesi. J. Aviat. 5 (2), 170-180.

ORCID: ! https://orcid.org/0000-0003-0822-6832; 2 https://orcid.org/0000-0002-7844-052X

DOI: https://doi.org/10.30518/jav.988025

Gelis/Received: 31 Agustos 2021 Kabul/Accepted: 24 Kasim 2021 Yayinlanma/Published (Online): 20 Aralik 2021
Copyright © 2021 Journal of Aviation https://javsci.com - http://dergipark.gov.tr/jav

This is an open access article distributed under the terms of the Creative Commons Attiribution 4.0 International Licence

170


https://orcid.org/0000-0003-0822-6832
https://orcid.org/0000-0002-7844-052X
https://orcid.org/0000-0003-0822-6832
https://orcid.org/0000-0002-7844-052X
https://javsci.com/
http://dergipark.gov.tr/jav
https://creativecommons.org/licenses/by-nc/4.0/

"M I/e-ISSN:2587-1676

5 (2): 170-180 (2021)

1. Giris

Havacilik sektorii ulusal ve uluslararasi 6l¢ekte
standartlasmanin saglanabilmesi amaciyla ulusal ve
uluslararas: kapsamina gore alinmig siki kurallara
gore faaliyetlerini stirdiirmektedir. Bu kurallarin
ortak oOzelligi hava tasimaciligmin emniyetli,
diizenli ve verimli bir sekilde yiiriitiilmesidir.
Tiirkiye’nin de iiyesi ve de kurucular1 arasinda yer
aldigi, Birlesmis Milletler’in yasal havacilik orgam
olarak faaliyet siirdiiren Uluslararas1 Sivil Havacilik
Orgiitii (ICAO) 1947 yilinda kurulmus olup 193 iiye
tilkesi ile en kapsamli sivil havacilik otoritesidir [1].
Ulusal ve bolgesel dlgekte sivil havacilik otoriteleri
de bulunmaktadir. Tiirkiye’de 1954 yilinda kurulan
Sivil Havacilik Genel Midirligic (SHGM),
Amerika’da 1958 yilinda kurulan Federal Havacilik
Dairesi (FAA) 2002 yilinda Avrupa Birligi iiyesi
iilkelerin kurmus oldugu Avrupa Havacilik
Emniyeti Ajanst (EASA) bu kapsamda oOne
cikmaktadir.

Ulkeler arasindaki isbirliklerinin gelisimi ile
birlikte ticaret ve turizm de hizla gelismistir. Is
amagli ve turizm amagli seyahatlerin artmaya
baglamas1 bircok sektdre oldugu gibi havacilik
sektoriine de ¢ok olumlu katkilar saglamistir.
Ulkemizde havacilik sektdriiniin ortaya cikist 1912
yilinda Sefakdy’de iki hangar ve kiicik bir
meydandan olusan tesis ile baglamigtir [2]. 1925
yilinda simdiki ad1 Tiirk Hava Kurumu olan Tiirk

Tayyare Cemiyeti’'nin  kurulmasiyla beraber
kurumsallagsma baglamistir. Kanun olarak ilk resmi
diizenleme 19.10.1983 tarihinde Tiirk Sivil

Havacilik Kanunu’nun yiiriirliige girmesi ile
olusmustur.

1978 yilina kadar Amerika’da sivil havacilik
sektorli; pazara giris, c¢ikis, isleyis bakimindan
diizenlenen kat1 kurallara gore yonetilmekte iken,
Amerikan Federal Havacilik Dairesi
kaldirarak  havacilik  sekdriinde  serbestlesme
hareketini baslatmistir. Sivil havacilik sektoriinde

deregiileasyon olarak tanimlanan bu gelisme sonrasi

kuralar1

diinya sivil havaciliginda da benzeri serbestlesme
[3]. Havacilik
sektorline giris ve isleyisteki serbestiler sektorde
hizli bir biiylimeye sebep olmustur. Tirkiye igin

diizenlemelerini  tetiklemistir

havacilik sektoriinde serbestlesme, 1983 yilinda
uygulamaya konulan Tiirk Sivil Havacilik Kanunu
ile bagladigi kabul edilmekle birlikte, 6zel sektoriin
gelisimi acisindan ¢ok etkili olamamigtir. Tiirkiye

sivil havacik sektorli icin serbestlesmenin 2003
yilinda Ulastirma Bakanlig1i’nin yiiriirliige koydugu
destekler ve istisnalar ile basladig1
degerlendirilmektedir [4]. Serbestlesme sonrasi
Tiirkiye’de sivil havaciligin gelisimine iliskin baz1
bilgiler Tablo 1’de yer almaktadir.

Tablo 1: Yillara gore Tirkiye’deki hava tagima
isletmeleri, hava araglar1 ve egitim kuruluslari sayisi

2002 2019 2020
Havayolu 14 11 10
Hava tagima isletmesi
isletmeleri Hava taksi 48 42 40
isletmesi
Genel
havacilik 34 83 85
isletmesi
Toplam 96 136 135
Havayolu 110 546 554
Hava araglar1  isletmelerinde
Hava taksi 213 194 176
isletmelerinde
Genel
havacilik 189 376 421
isletmelerinde
Toplam 512 1116 1151
Havacilik
egitim 21 171 202*
kuruluslar
Kaynak: SHGM faaliyet raporlarindan
derlenmistir.

*SHGM, 2002 yilindan 2018 yili sonuna kadar ugus ve
tip egitimi veren organizasyon sayilarini raporlarinda
paylasir iken, 2019 yilindan itibaren havacilik alaninda
bakim disinda egitim veren tiim kuruluslari raporlarinda
paylagmaya baglamistir.

Tablo 1’den de goriilecegi iizere serbestlesme
sonrast hava tagima igletme sayisinda %40, hava
araci sayisinda ise %224,8 artis meydana gelmistir.
Hava arac1 sayisindaki yiikselis dogal olarak pilota
olan ihtiyaci da hizla arttirmistir.

2020 sonu itibariyle toplam 52 ugus ve tip egitimi
veren kurulus bulunmakla birlikte, havayolu ve
tniversiteler disinda ugus egitimi verilen 13 adet
onayli ucus okulu bulunmaktadir. Tirkiye’deki
ucus okullarinin kurulmasi ve isletilmesine dair tiim
kurallar SHGM
Calismanin konusu olan pilotaj egitimi veren
kuruluglar, SHGM tarafindan “Onaylanmig Egitim

tarafindan  belirlenmektedir.

171



"M I/e-ISSN:2587-1676

5 (2): 170-180 (2021)

Organizasyonu” olarak tamimlanmaktadir. Tablo
2’de Tiirkiye’deki pilot sayilar1 yer almaktadir.

Tablo 2. Tiirkiye’deki pilot sayilari

Pilotlar 2017 2018 2019 2020
Ugak ve 8681 8978 9328 9603
helikopter

pilotlar1

Diger hava 344 382 510 656
aract

pilotlar1

Ogrenci 963 828 1431 1581
pilotlar

Toplam 9988 10188 11269 11840

Kaynak: SHGM faaliyet raporlarindan derlenmistir.

SHGM
yayimlanan raporlarda, 6grenci pilot sayilarina da
yer verilmektedir. 2007 yilinda Tiirkiye’deki
toplam pilot sayis1 6333 iken 2020 sonu itibariyle
158171 6grenci pilot olmak tizere toplam 11840 pilot
bulunmaktadir [5]. SHGM 2020 faaliyet raporuna
gore 2019 yilindaki yabanci pilotlarin yerli pilotlara
orant %7 iken, 2020 yilinda bu oran %4’e
diismiistiir. Ozellikle 6grenci pilot sayilarmdaki
artis orani, ugus okullar1 ag¢isindan da dikkat ¢ekici
olmakta ve de dgrenci tercihinde 6ne ¢ikabilmeleri

tarafindan 2017 yilindan itibaren

icin pazarlama faaliyetlerine daha fazla &zen
gostermelerini gerektirdigi diistinilmektedir.
BOEING ve AIRBUS gibi yolcu ucag
iiretiminde pazarin biiylik bir ¢ogunlugunu elinde
tutan isletmeler; havayolu seyahatlerinin daha da
artacagini, eski teknoloji ugaklar yerine daha az
yakit harcayan yeni nesil ugaklara ihtiyag
duyulacagi i¢in daha fazla ugaga talep olacagini,
dolayistyla da daha fazla pilota ihtiya¢ duyulacagini
belirtmektedirler. ~ Oniimiizdeki 20  yilda,
BOEING’e gore 605.000 [6], AIRBUS’a gore ise
540.000 [7] pilota ihtiyag duyulacaktir. Tiirkiye’de
de benzer sekilde pilot talebinin artacagi
beklenmektedir.
Gilinlimiizde rekabet kosullar1 her sektdrde oldugu
gibi ugus okullart i¢inde de yogun bir sekilde
kendisini gdstermektedir. Ucus okullarinda egitim
bedelinin ortalama 60.000 Euro civarinda olmasi ilk
goriinse de sektordeki pilot
gelirlerinin ytliksek olmasi pilotluk meslegini cazip

basta olumsuz

hale getirmektedir. Bu baglamda pilotluk meslegini
icra edecek adaylarin ugus okulu
zorlagsmakta ve 6nem kazanmaktadir.

se¢imleri

2. Literatiir Taramasi

Pilot olmak isteyen bireyler i¢in ucus okulu
secimi her gegen giin daha da 6nem kazanmaktadir.
Sektordeki ucus okulu sayisinin hizla artmasi, buna
karsilik Tiirkiye’de pilot istihdaminin tecriibesiz
pilotlar aleyhine islemesi, yeni mezun pilotlar i¢in
is bulma kaygilar1 da olusturmaktadir. Ozellikle
pilotluk egitiminin maddi olarak agir yiik getirmesi
ve de pilot olduktan sonra da yasanacak olasi is
bulamama senaryolar1 pilot olmak isteyenlerin ugus
okulu se¢imlerini daha da 6nemli kilmaktadir.

Tiirkge literatiirde boyle bir c¢alismanin
yapilmamis olmasi ve de uluslararasi literatiiriin de
genelde pilot aday1 se¢im kriterlerine odaklanmis
olmasi bu konuyu hem daha ilging ve 6nemli hale
getirmekte hem de konu hakkinda literatiirii
sinirlandirmaktadir.

Ucus okulu secimi ile ilgili ulusal diizeyde
aragtirma bulunmamasi ve uluslararasi diizeyde
yapilan arastirmalarin ¢ok sinirli olmasi, literatiir
taramasint  okul se¢imi ile ilgili literatiire
yonlendirmektedir. Sarkane ve Sloka (2015),
yiiksekdgretim kurumlari i¢in pazarlama stratejileri
olusturulmast amaciyla yaptiklar1 ¢aligmada,
yiiksekogretim kurumu segimini etkileyen 12 Kriter
ortaya koymuslardir [8]. Bu kriterlerden; okulun
akredite olmasi, okul atmosferi, okulun lokasyonu,
okul dis1 aktiviteler, finansal ¢oziimler, konaklama
secenekleri, akraba ve arkadag tavsiyeleri, okul
degerlendirmeleri, okulun itibar1 gibi kriterlerin
ugus okulu se¢ciminde de etkili
degerlendirilmektedir.

James-MacEachern ve Yun (2017), uluslararasi
ogrencilerin okul se¢imini etkileyen Kriterler
hakkinda yaptiklari aragtirmalarinda, okullarin web

olacagi

sayfalari, okullarin yayimladigi brosiirler, sosyal
medya hesaplari, okullarin mezunlari, aile ve
arkadaslarin etkisi, okulun itibar1 ve egitim kalitesi,
egitim ve konaklama bedelleri, mezuniyet sonrasi is
bulma oranlari, okulun sundugu fiziksel olanaklar,
mevcut ve mezun Ogrencilerin tavsiyeleri, okul
personeli ve okulun egitim kadrosunun etkilerini
ortay koymuslardir [9].

Saif, Nipa ve Siddique (2016), Ogrenciler
arasinda Universite se¢im Kkriterlerinin farklilik
itibar1 ile

gosterdigini, oOzellikle tiniversitenin
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cevrimici uygulamalarinin en ¢ok 6ne ¢ikan faktor
oldugunu tespit etmislerdir.  Universitelerin
itibarlarina daha fazla énem vermeleri gerektigini
vurgulamislardir [10].

Kershner (1972), ugus ogretmenlerinin sahip
olmas1 gereken; bilgi, yetenek gibi 6zelliklerine
vurgu yapmistir. Dolayisiyla, ugus okulunun
Ogretmen pilotlarinin sahip oldugu tecriibelerin yani
sira, sahip olduklart kisisel ozellikler de Onem
kazanmaktadir [11].

Aguilar, G. (2004), ucus okulu yoneticilerinin ve
ucus Ogretmenlerinin ugus emniyetini saglamakla
birinci derece sorumlu olduklarini ve de miisteri
memnuniyeti icin gosterecekleri cabalarin ugus
okulunun karliligina da katki sagladigini ifade
etmektedir [12].

Pampaloni  (2010), 06grencilerin  okullarin
varligindan haberdar olmalarim1 saglayarak okul
secimini etkileyebilmek i¢in web sayfalarinin
Onemine vurgu yapmig; buradan paylagilacak
bilgilerin 6grencileri ikna etmede ve okul imajini
giiclendirmede etkili olacagini ifade etmektedir
[13].

Salem (2020), yiiksekdgretim kurumlarinda,
sosyal medya platformlarinin, reklam
kampanyalarin1 tanitmak ve mevcut ve potansiyel
ogrencilerle iletisim kurmak i¢in en 6nemli kanallar
oldugunu ileri stirmiistiir [14].

Ugus okullar1 i¢in de sosyal medya benzeri
fayda
saglayacaktir. Ugus okulu se¢imine yonelik ¢aligma
sayisinin ¢ok az sayida olmasi, literatiir taramasinda
karsilasilan 6nemli bir dezavantaj olmakla birlikte,
calisma ile havacilik sektorii i¢in nig sayilabilecek
bir alan olan ugus okullar1 hakkinda literatiiriin
katk1

tanitim  faaliyetlerinde  kullanilmasi

gelismesine
degerlendirilmektedir.

saglayacagi

3. Arastirma Metodolojisi
3.1. Arastirmanin Amaci

Pilotluk mesleginin maddi ve manevi getirileri
meslege olan telebi arttirmaktadir. Calismada pilot
adaylarinin ucus okulu se¢iminde g6z Oniinde
bulundurduklari faktorlerin belirlenmesi
amaglanmaktadir. Pilot adaylarmm demografik
Ozellikleri ile ucus okulu sec¢imine etki eden
faktorler arasinda anlamli iligkiler arastirilacaktir.
Elde edilen sonuglar ile ugus okullarinin pilot
adaylarinin  okul daha iyi

secim  siireglerini

anlamalarina yardimci olacaktir.

3.2. Arastirma Olgegi

Jin (2019) tarafindan, ABD’de Alliant
International Universitesinde yapilan doktora tez
caligmasi kapsaminda bu iilkedeki ucus okullarinin
tercih edilmesinde etkisi oldugu diisiintilen sebepler
[15] ile Mugla ve Izmir’de faaliyetlerine devam
etmekte olan bir ugus okulunun, egitim miidiiri,
Ogretmen pilotu ve ticaret midiirii ile yapilan yiiz
ylize goriisme sonrasi, onlara gelen sorulardan ve
geemis deneyimlerinden hareketle pilot adaylarinin
okul seciminde dikkat edecekleri 0Ongoriilen
kriterler ifadelestirilerek toplam 49 degiskenden
olusan soru formu olusturulmus ugus
okullarindan mezun ve/veya egitime devam etmekte
olan Ogrencilerine 5 farkh altinda
sorulmustur.

Ve

boyut

3.3. Veri Toplama Yéntemi ve Orneklem

Mugla Sitki Kogman Universitesi Sosyal ve
Beseri Bilimler Arastirmalar1 Etik Kurulu’nun
24.12.2020 tarih ve 78 sayili onay karari sonrasi
01.02.2021 - 01.05.2021 tarihleri arasinda anket
yontemi ile veri toplanmistir. Ozel ugus okullarinda
egitim almig ve almaya devam eden pilot adayi
sayist belli degildir. Ana kiitle sayis1 belli olmadig1
icin miimkiin olan en fazla 6érnekleme ulasabilmek
amaciyla; olusturulan soru formu Google Forms ile
cevrimici hale donistiiriiliip, telefonda yapilan
goriigme sonrasi; SHGM den izinli ugus okullarinin
tamamina, mezun olmus pilotlara ve/veya egitime
devam etmekte olan pilot adayr O6grencilerine
iletilmesi amaciyla soru formu baglantisi
gonderilmistir. Ayn1 zamanda Tirkiye Havayolu
Pilotlar1 Dernegi (TALPA) ile iletisime gegilip
okulu
talep
edilmistir. Anketin birinci kisminda demografik

ozellikleri ve alinan egitim ile ilgili kapali uclu

iyeleri arasinda bulunan 06zel ugus

mezunlarindan da calismaya katilimlar

sorular yer almakta, ikinci kisimda ise 49 adet 5°li
likert tipi ifade yer almaktadir (1: en az etkili, 5:en
fazla etkili). Arastirma 168 pilot ve pilot adayindan
elde edilen veriler ile yiriitilmistiir.

3.4. Bulgular ve Tartismalar

Ankette yer alan 49 ifadenin birbiri ile iligkili ve
daha az sayida degiskenlere indirgenmesi amaciyla
Acimlayict Faktor Analizi uygulanmistir. Elde
edilen veri setine Faktor (FA)
uygulanabilmesi igin gerekli olan degiskenlerin

Analizi

stirekli degisken yapisinda elde edilmesi ve veri
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setinin normal dagilim gdstermesi kosullarini
sagladig1 goriilmiistir. KMO o6rneklem yeterlilik
Olciisit 0,92 bulunmustur. Bunun yaninda elde
edilen korelasyon matrisi bulgularina gore;
degiskenler arasinda coklu dogrusal baglant1 (r >
0,8) olmadig1 goriiliirken; yetersiz iliski (r < 0,3)
diizeyleri belirlenen 15 madde FA kapsamindan
cikarilmistir. Bartlett’s kiiresellik testi anlamlilik
degeri (Sig. = 0,00001 < 0,05) oldugundan ve
korelasyon matrisi determinantinin (1=0,00256 >
0,00001) olmast nedeniyle veri setine FA
uygulanabilirligine karar verilmistir.

Principal Component Analysis yontemi tercih
edilen FA isleminde dondiirme isleminin dik/egik
olmasina karar verilitken SPSS uygulamasinda
faktor korelasyon matrisi Oblimin yontemiyle elde
edilmistir. Faktorler arasinda korelasyonun (r > 0,3)
fazla oldugu faktorlerin olmasi nedeniyle Varimax

Tablo 3. Faktor yiikleri tablosu

yontemi kullanilamayacagindan egik dondiirme
yontemi Oblimin kullamlmistir.

Faktor sayisinin kararinda 6zdegerler dikkate
alinmis (Eigenvalue; A > 1,0), aga¢ diyagramindan
yararlanilmistir.  Toplam varyansin en yiiksek
oldugu yere kadar ve bir faktoriin agiklanan
varyansinin en az % 5 ve faktor altindaki madde
sayisinin en az 2 ve lizeri olmas1 durumu da dikkate
almarak isleme devam edilmistir. Rotated
Component matrisinde faktorler arasinda binigik
yapili (0,1 ve daha az farkli) olan maddeler elenerek
dondiirme islemine devam edilmistir. 23 islem
sonrasinda dort (4) faktor altinda olmak {izere
toplam 16 madde ile %76,781’lik varyansa
ulasilmis ve islem bitirilmistir. Bu analiz sonucuna
gore anlamli bir etkiye sahip maddelerin yiikleri ve
faktor yiikleri agsagida Tablo 3’te verilmektedir.

Faktor 1: Ugus Okulunun Teknik Yeterliligi gﬁ'ﬁ:; Va:g’ans W{};"y‘;ﬁ;‘"
Teknik personel yeterliligi 0,841

Ogretmen pilotlarin gegcmis tecriibeleri 0,828

Ugus simiilatorleri 0,826

Egitimin icerigi/kalitesi 0,824

Ugus 6gretmenlerinden duyulan memnuniyet 0,816 55,666 55,666
Yonetimin etkinligi 0,803

Egitim ugaklarindan duyulan memnuniyet 0,780

Egitim programinin giivenlik kayitlart 0,772

Faktor 2: Okul Personelinin Etkinligi

Okulun satis personeli 0,905

Okul personeli 0,871 8,926 64,592
Okulun {ist yoneticileri 0,867

Faktor 3: Egitim Programinin Etkinligi

Egitim planlamasindaki esneklik 0,886

Mevsim kosullarina bagl yilik ugulabilen giin sayisi 0,875 6,692 71,284
Programi tamamlamak icin gecen siire 0,730

Faktor 4: Referans Gruplar

Mezun olan pilotlar -0,922

Mevcut dgrenciler -0,907 5497 76,781

Tablo 3’te goriildiigii lizere en fazla aciklama
oranina sahip faktér ucus okulunun teknik
yeterliligi (% 55,666), ikinci sirada okul
personelinin etkinligi (%8,926), {iglincli sirada
egitim programinin etkinligi (% 6,692) ve son

sirada ise referans gruplart (%5,497) gelmektedir.
Tablo 4’te elde edilen faktorlerdeki degiskenlerin
giivenilirlik  bulgularina  yer

tanimlayici  ve

verilmistir.

174



"M I/e-ISSN:2587-1676

5 (2): 170-180 (2021)

Tablo 4. Arastirma degiskenleri tanimlayici ve giivenilirlik bulgular

Faktorler Say1 Ort. S:Ft)?ﬁ 5 C':glr::]?h
Faktor 1: Ucus Okulunun Teknik Yeterliligi 168 3,91 1,05 0,930
Teknik personel yeterliligi 168 3,72 1,34
Ogretmen pilotlarin gegmis tecriibeleri 168 3,96 1,28
Ugus simiilatorleri 168 3,88 1,31
Egitimin icerigi/kalitesi 168 4,32 1,16
Ucus 6gretmenlerinden duyulan memnuniyet 168 410 1,21
Yonetimin etkinligi 168 3,73 1,34
Egitim ugaklarindan duyulan memnuniyet 168 4,05 1,25
Egitim programinin giivenlik kayitlari 168 3,57 1,34
Faktor 2: Okul Personelinin Etkinligi 168 3,23 1,32 0,904
Okulun satig personeli 168 2,90 1,41
Okul personeli 168 3,37 1,46
Okulun iist yoneticileri 168 3,43 1,44
Faktor 3: Egitim Programinin Etkinligi 168 3,93 1,11 0,821
Egitim planlamasindaki esneklik 168 3,79 1,33
Mevsim kosullarina bagli yilik ugulabilen giin sayisi 168 3,95 1,24
Programi tamamlamak i¢in gecen siire 168 4,05 1,30
Faktor 4: Referans Gruplar 168 3,63 1,36 0,871
Mezun olan pilotlar 168 3,70 1,47
Mevcut 6grenciler 168 3,55 1,41

Faktor olarak ifade edilen dort boyutun da soz
konusu giivenilirlik katsayilarinin sosyal bilim
arastirmalarinda aranan 0,7 katsayisindan biiyiik
oldugu, bu sonuca gore boyutlarin ugus okulu tercih
nedenlerinin  anlagilmasinda  kullanilabilecegi
sOylenebilir. Bunun yaninda maddelerin aritmetik
ortalamalar1 incelendiginde pilot adaylarinin
tercihlerinde en c¢ok egitimin igerigi (kalitesi)

unsurunu énemsedigi (4,32) buna karsilik en az ise
okulun satis personelinden (2,90) etkilendigi
goriilmektedir.

Aragtirma katilimcilardan demografik
Ozelliklerinin yan1 sira ugus okulu se¢imi ile ilgili
veriler elde edilmistir. Elde edilen verilerin frekans
dagilimlar1 Tablo 5°te yer almaktadir.
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Tablo 5. Katilimcilarin demografik, sosyo-ekonomik ve ugus okulu se¢imiyle ilgili bulgular

Erkek 144 85,7 5000 ve alti 24 14,3
Kadin o4 143 50017500 20 11,9
Toplam 168 100,0 7501 — 10000 26 15,5
19-24 13 7,7 12501 ve iizeri 82 48,8
25-34 96 57,1 Toplam 168 100,0
45 ve tizeri 11 6 5 Ailem karsiladi 52 31,0
Toplam 168  100,0 Kendim karsiladim 93 55,4
_ Ise alindigim havayolu karsilad: 23 13,7
Lise-On lisans 16 9,6 Toplam 100,0
Lisans 121 720 _
Lisansiistii 31 18,5 ?23?;?12; kurumda /kendi isimde 76 45,2
Toplam 168 100,0 Mevcut isten ayrildiktan sonra 44 26,2
Ucma tutkusu 102 60,7 Toplam 168 100,0
Kariyer 55 32,7

Ailemin yonlendirmesi 5 3,0

Diger 6 3,6

Toplam 168 100,0

Tablo 5 incelendigi zaman katilimcilarin devam eder iken pilotaj egitimi aldigi ve

%85,7’sinin erkek, %57,1’inin 25-34 yas araliginda %355,4’liniin  pilotaj egitim bedelini kendisinin
oldugu, %72’sinin lisans seviyesinde egitim aldig1 karsiladigi bulgulanmugtir.

%48,8’inin de 12.500’nin {izerinde gelire sahip Katilimeilarin demografik 6zellikleri ile ugus
oldugu goriilmektedir. Pilot olma ile ilgili cevaplar okulu se¢iminde etkili oldugu diisiiniilen faktorler
incelendigi zaman; %60,7’sinin ugma tutkusuyla bu arasindaki iligkiyi ortaya ¢ikartmak adina analizler
meslegi tercih ettigi, %45,2’sinin mevcut igine yapilmistir.

Tablo 6. Cinsiyete gore ugus okulu se¢im faktorleri t testi bulgulari

3,85 4,40

- “ qeos _ *
Egitim Programinin Etkinligi (1.12) (0.91) 2,301%0
3,54 4,15 .
Referans Gruplari (1.38) (1.12) -2,053*¢
O Varyanslar homojen, *p<0,05.
Tablo 6’da ugus okulu se¢iminde etkili oldugu “Referans Gruplar1” faktorlerinin cinsiyete gore
diisliniilen dort faktoriin ortalamalarinin cinsiyete ortalamalarinin % 5 ve daha az hata payinda farkl
gore degisip degismedigi incelenmistir. Ugiincii olduklan tespit edilmistir. Buna gore; kadinlarin
faktdor olarak Dbelirtilen “Egitim Programinin ucus okulu tercihlerinde her iki faktdrde de
Etkinligi” ve dordiincii faktdr olarak belirtilen erkeklere gore faktor degiskenlerinin daha etkili
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olduklar goriilmiistiir. Bu durumda kadinlarin ugus ve referans gruplarina daha ¢ok oOnem verdigi

okulu se¢iminde, erkeklere gore egitim programina degerlendirilmektedir.

Tablo 7: Pilot olma sebebine gore ugus okulu se¢im faktorleri t testi bulgulart

Uc¢ma Tutkusu Kariyer

Faktorler Ortalama Ortalama t- degeri
(Std. Sapma)  (Std. Sapma)
Ugus Okulunun Teknik Yeterliligi 4,06 3,66 2,233*0
wus £ (1,01) (1,14) :

O Varyanslar homojen, *p<0,05.
Diger Ugus Okulu segim faktorleri p degerleri anlamli ¢tkmadigindan tabloda

gosterilmemistir.

Tablo 7°de yapilan t testi karsilastirmasinda ise ugus degerlendirilmektedir. Bu durumda u¢ma tutkusu
okulu tercihi yapan pilot adaylarinin pilot olma ile pilotluk meslegini secenlerin okul segiminde
sebeplerine gore hangi faktor ortalamasmin farkl daha  detayct  olduklari, mesleki  beceri
oldugu  konusu irdelenmistir. = Tanimlayici kazanimlarina ~ daha  fazla  odaklandiklar
bulgularda “Aile” ve “Diger” seceneklerini belirten disiiniilmektedir.

kursiyerlerin sayist karsgilagtirma yapmaya yeterli Faktor degiskenlerinin grupsal farkliliklarinin
olmadig1 i¢in iki bagimsiz grup t testi kullanilmisgtir. sorgulanmasi amaciyla tek yonlii varyans
Analiz sonucunda, sadece birinci faktdr olan “Ucgus analizinden (ANOVA) yararlamilmigtir. Yapilan
Okulunun Teknik Yeterliligi” faktor ANOVA testinde grup degiskenleri olarak “Egitim
degiskenlerinin ugus okulu tercihinde bulunmada Diizeyi” ve “Egitim Bedelinin” kimin tarafindan
%5 hata payinda anlamli bir farkliligi oldugu O0dendigi durumu dikkate almmarak faktor
belirlenmistir. Buna gore “Ugma tutkusu” ile ugus degiskenliklerinin farkliliklart incelenmis,
okulu tercih eden pilot adaylarinin “Kariyer” amach istatistiksel olarak en az %5 ve daha az hata payinda
pilotluk meslegini secen adaylara gore ugus anlamli c¢ikmayan faktér degiskenleri tabloda
okulunun teknik 6zelliklerini daha fazla 6nemseyip gosterilmemistir.

tercih kriteri olarak belirttikleri

Tablo 8. Egitim diizeyi ve egitim bedeline gore ugus okulu se¢im faktorlerinin karsilastirilmasi

Faktor Degiskenleri Grup Degiskeni
Egitim Diizeyi
Levene’s ANOVA
Istatistik P F P
Okul Personelinin Etkinligi 0,530 0,590 ¢ 3,816 0,024*
Egitim Bedeli
Levene’s ANOVA
Istatistik P F P
Egitim Programinin Etkinligi 3,441 0,034 5,782 0,004**

O Varyanslar homojen, *p<0,05. **p<0,01.

Her iki faktor degiskeninin grup degisken Tukey testi; Esit varyans olmama durumu igin ise
ozellikleri icerisindeki farkliklarn  kaynagim Tamhane testi uygulanmig ve Tablo 9’da
arastirmak amaciyla ¢oklu Kkarsilastirma testi gosterilmigtir.

(Posthoc) kapsaminda esit varyans varsayiminda
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Tablo 9: Egitim diizeyi ve egitim bedeline gore okul personelinin etkinligi ve egitim programinin etkinligi

faktor degiskenleri ¢oklu karsilagtirma sonuglar

Tukey Egitim Diizeyi Egitim Diizeyi ~ Ortalamafark Std. Hata P
L ise-On lisans Lisans 0,3290 0,3442 0,606
On li . e
Okul Lisansiistil 0,9576* 0,3983 0,045
Personelinin Lisans Lise -0.3290 0.3442 0.606
Etkinligi L : : ,
Lisansiisti 0,6286* 0,2604 0,044
Lisaniistd Lise -0,9576* 0,3983 0,045
Lisans -0,6286* 0,2604 0,044
Tamhane Egitim Bedeli Egitim Bedeli Ortalama fark  Std. Hata P
Ailem karsiladi Kendim 0,417 0,177 0,049
karsiladim
Ise alindigim
havayolu
Egitim karsiladi 0,352 0,326 0,640
Programinin
Etkinligi Kendim kargiladim  Ailem karsiladi 0,417 0177 0,049
Ise alindigim
havayolu 0,769* 0,312 0,049
karsiladi
) ) Ailem karsiladi 0352 0,326 0,640
Ise alindigim
havayolu karsiladi Kendim -0.769* 0,312 0,049
karsiladim

Egitim diizeyi i¢in yapila Tukey coklu test
bulgularina bakildiginda; Lise-On lisans mezunu
pilot adaylarmin Lisansiistii mezunu olan pilot
adaylarina gore (0,9576); Lisans mezunu pilot
adaylarinin yine Lisansiisti mezunu olan pilot
adaylarma gore ucus okul tercihlerinde Okul
Personelinin  Etkinliginin (0,6286) daha fazla

onemli oldugu sdylenebilir. Lise-On lisans
mezunlari ile Lisans mezunlar1 arasinda bu faktdriin
tercihi  yoniinden  anlamli  bir  farklilik

bulunamamstir. Egitim seviyesi ylikseldikge okul
personelinin 6grenci ikna ¢abalarinin etkisinin daha
azaldig goriilmiistiir.

Egitim bedelinin nasil karsilandigina dair ele
alman grup degiskeninin; “Egitim Programinin

4. Sonuglar

Kadin Pilotlart
Dernegi’ne gore diinyadaki havayolu pilotlan
icerisinde kadin oran1 %5,8’dir [16]. Arastirmanin
diinya ortalamasinin
kadin  bulunmasi

Uluslararasi Havayolu

katilimcilart  igerisinde
tzerinde, %14,3 oraninda

gelecekte kokpitte daha fazla kadin pilotun olacag

Etkinligi” a¢isindan yapilan esit varyans olmama
durumu Tamhane c¢oklu testi bulgularina gore;
Pilotluk egitim bedelini kendisi karsilayanlarin,
hem ailesi (0,417) hem de ise alinan havayolu
(0,769) tarafindan bedeli karsilanan pilot adaylarina
gore ucus okulu tercihlerinde egitim programinin
etkisinin daha Onemli oldugu tespit edilmistir.
Pilotluk egitim bedelini ailesi karsilayan pilot
adaylanyla ise alman havayolu tarafindan egitim
bedeli karsilananlar arasinda bu faktoriin etkisi
yoniinde anlamli bir farklilik bulunamamistir.
Egitim bedelini kendisi karsilayacak olanlarin
verilen egitimin kalitesini ana unsurlarindan olusan
ile daha ilgilendigi

egitim  programi cok

diistiniilmektedir.

diisiincesini olusturmustur. Kadinlarin ugus okulu
seciminde, erkeklere gore egitim programina ve
referans gruplarma daha ¢ok Snem vermesi ugus
okullarinin pazarlama stratejisi gelistirmede dikkat
etmeleri gerecken onemli bir detaydir. Ozellikle
kadinlara yonelik pazarlama ¢abalarinda kadinlarin
daha dikkat
edilmelidir. Egitim programimi olusturan siire,

detayli arastirmalar  yaptigina
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mevsim kosullari, esnek egitim planlamasi gibi
kosullar ~ pazarlama  agisindan  tutundurma
faaliyetlerinde g6z Oniinde bulundurulmasinda
biiyiik yarar goriilmektedir. Ozellikle egitimi
tamamlamak icin gegen siirenin (x=4,05) en énemli
en egitim programi kriteri olmasi ugus okullarinin
pazarlama cabalarinda yer vermesi gereken énemli
kriterler arasindadir.

Referans gruplarinin pazarlamada kullanimini
gecmisten gilinlimiize yaygin olmakla birlikte son
zamanlarda kullanici yorumlart da pazarlama
literatiiriinde siklikla 6ne ¢ikmaktadir. Calismada
da mevcut ve mezun 6grencilerin yorumlar: 6nemli
bir faktor olarak goriilmektedir. Dolayisiyla ugus
okullari, mezun 6grencilerin sayisi, is bulma orani
gibi nicel verilerin yani sira mezunlarin (Xx=3,70)
yorumlarina da yiiz yiize, sosyal medya, web sayfasi
gibi tanitim mecralarinda yer vermesinde yarar
gorilmektedir.

Ucus okullarinin teknik yeterliligine bakildigi
zaman egitimin icerigi / kalitesi (X=4,32) ve egitim
ucaklarindan  duyulan memnuniyet (X=4,05)
degiskenleri 6ne c¢ikmaktadir. Jin (2019)’in
aragtirmasinda okullarin sundugu egitimin kalitesi,
ucus firsatlari, egitim maliyeti, okulun itibari,
Ogretmen pilotlarin niteligi secim kriterlerinde 6ne
cikmistir. Aragtirmada da ugus okullarinin
sunduklar1 egitimin igerigi ve kullanilan egitim
ucaklart degiskenleri 6ne ¢ikmaktadir. Tiirkiye’de
ucus egitimi bedelleri birbirine ¢ok yakin oldugu
icin egitim Tlicreti kriterler arasnda 6nemli yere sahip
degildir. Ozellikle ugma tutkusuyla pilotluk
meslegini tercih edenlerde kariyer amaciyla
pilotlugu tercih edenlere gore teknik kriterlere daha
fazla 6nem verilmesi bu meslegi kariyer / paradan
ziyade tutkuyla icra etmek isteyenler i¢in 6ne ¢ikan
bir degiskendir. Meslegin gelecegi agisindan da bu
amagla pilot olmak isteyenlere yonelik pazarlama
¢abalarinda bu kriterler 6ne ¢ikartilmali, hatta pilot
aday1 secim kriteri olarak da gdze alinmasinda yarar
goriilmektedir.

Ugus okulunun tist yoneticileri ((x=3,43)
personel arasinda one ¢ikan kriterdir. Ugus okulu
yoneticilerinin gegmis deneyimi, sektordeki itibari,
mevcut ve gegmis baglantilarinin mezun pilotlarin
is bulmasinda fayda saglayacag: diistiniilmektedir.

Pilotaj egitim bedelini kimin karsiladig1 da okul
seciminde One ¢ikmaktadir. Tiirkiye’deki pilotaj
egitimine bakildigi secenekler
bulunmaktadir. Universite smavi ile 6grenci kabul

zaman farkli

eden devlet ve vakif iiniversitelerinde alinan egitim,
havayollarinin aday1 kendisinin seg¢ip sonrasinda
anlagsmali veya kendi biinyesinde bulunan ucus
okulunda egitim aldirmasi, silahli kuvvetlerin
personeli arasindan yaptig1 secim sonrast egitim
vermesi Ve c¢alismanin da konusu olan 6zel ugus
okullan tarafindan verilen egitim goriilmektedir.
Pilotaj egitimini kendi imkanlar ile karsilayan pilot
adaylarinin ugus okulu se¢iminde ugus okulu egitim
programina daha fazla dikkat ettikleri tespit
edilmistir.

Ugus okullarinin pazarlama planlarini belirleme
ve uygulama asamasinda pilot adayr Ogrenci
goziiyle diistinmesinde yarar vardir. Ucgus
okullarinin; arastirmada tespit edilen ugus okulu
se¢im kararini etkileyen faktorlere 6nem vermeleri,
okullarin  faaliyetlerini  siirdiirmelerinde  ve
karliligmi  arttirmalarinda katkilar
sunacaktir. Boylelikle tespit edilen bu kriterlere

olumlu
politikas1 uygulayan ugus
okullar1, 6grenciler i¢in fark yaratmayan pazarlama
cabalarinda bulunmayarak pazarlama maliyetlerini
disiirebileceklerdir.  Ayni  zamanda  pilotluk
meslegini sadece kariyer / para olarak gérmeyen,

uygun pazarlama

ucmay1 tutku olarak gdren bireylerin pilot olarak
sektore kazandirilmasinin mezunlarin is bulma

oranlarim1  arttiracaglt gibi meslegin itibarinin
korunmasina da fayda saglayacagi
diistiniilmektedir.

Pilot se¢imi ile ilgili calismalarin genellikle
askeri havacilikta olmasi, diinyada cok sinirh
Tiirkiye’de ise daha Once yapilmamis olmasi
caligma hakkinda literatlirii sinirlandirmaktadir.
Aragtirma evreninin tam belirli olmamasi (ugus
okulundan mezun pilot sayist ve okullara kayith
Ogrenci  sayist  hakkinda bilgiler
paylasilmamaktadir), bu konuda havacilik otoritesi

resmi

olan SHGM’nin paylasimci olmamasi, bazi ugus

okullarinin yapilan arastirmaya katilim
gostermemesi, pilotlarin mesleki olarak yogun bir
tempoda calisiyor olmalarindan kaynakli olarak
ankete katilmaya c¢ok istekli olmamalar gibi
sebeplerle katilimer sayist 168 ile sinirli kalmigtir.
Daha fazla katilimcini dahil oldugu arastirmalarin
daha kapsamli bilgilere

ulagilabilecegi diislinlilmektedir.

yapilmast  sonucu

Etik Kurul Onay

Bu aratirmaya Mugla Sitk1 Kogman Universitesi
Sosyal ve Beseri Bilimler Arastirmalart Etik
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Kurulu'nun 24.12.2020 tarih ve 78 sayili onay
karar1 sonrasinda baglanmistir.
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Havayolu Stratejik isbirliklerinde Veri Zarflama Analizi ile Finansal
Performansin incelenmesi
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Ozet

Bu ¢alismanin amaci, Uluslararasi havayolu isbirlikleri olarak kabul edilen Star Alliance, SkyTeam ve Oneworld gruplarina {iye olan
toplam 31 havayolu isletmesinin 2016-2019 donemine ait finansal performansinin veri zarflama analizi ile incelenmesi ve havayolu
stratejik igbirliklerinin etkinlik degerleri agisindan kendi igerisinde karsilastirilmasidir. Bununla birlikte havayolu stratejik
igbirliklerinin Covid-19 salgin1 6ncesi donemdeki finansal performansmin arastirilmasidir. Arastirmanin sonucunda 2016-2017
doneminde tiim havayolu stratejik igbirliklerinde etkinligin arttig1 goriiliirken 2017-2018 doneminde ise azaldig1 gortilmiistiir. 2018-
2019 doneminde ise Star Alliance grubunda etkinligin azalmaya devam ettigi goriiliitken Oneworld ve SkyTeam gruplarinda ise
etkinligin tekrar arttig1 goriilmiistiir. Star Alliance grubuna iiye olan Aegean Airlines ve United Continental isletmelerinin, SkyTeam
grubuna {iye olan Delta Airlines isletmesinin ve Oneworld grubuna iiye olan Alaska Airlines ile Japan Airlines isletmelerinin tiim
dénem boyunca etkin oldugu tespit edilmistir. Star Alliance grubuna iiye olan 6 havayolu isletmesinin, SkyTeam ve Oneworld grubuna
iye olan 3 havayolu isletmesinin tiim dénem boyunca etkin olmadigi gériilmiistiir.

Anahtar Kelimeler: Etkinlik, Finansal Performans, Havayolu Stratejik Isbirlikleri, Veri Zarflama Analizi

Investigation of Financial Performance in Airline Strategic Alliances with Data
Envelopement Analysis

Abstract

The aim of this study is to examine the financial performance of a total of 31 airline companies, which are members of Star Alliance,
SkyTeam and Oneworld groups, which are accepted as international airline alliances, for the period of 2016-2019, with data
envelopment analysis and to compare the airline strategic alliances in terms of their efficiency values. In addition, it is an investigation
of the financial performance of airline strategic alliances in the period before the Covid-19 outbreak. As a result of the research, it was
seen that the efficiency of all airline strategic cooperation increased in the 2016-2017 period, while it decreased in the 2017-2018
period. In the 2018-2019 period, it was observed that the efficiency continued to decrease in the Star Alliance group, while the
efficiency increased again in the Oneworld and SkyTeam groups. It has been determined that Aegean Airlines and United Continental
companies, members of the Star Alliance group, Delta Airlines, members of the SkyTeam group, and Alaska Airlines and Japan
Airlines, members of the Oneworld group, were efficiency throughout the entire period. It was observed that 6 airline companies that
are members of Star Alliance group, 3 airline companies that are members of SkyTeam and Oneworld group were not efficiency during
the whole period.

Keywords: Efficiency, Financial Performance, Airline Strategic Alliances, Data Envelopment Analysis.
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1. Giris

Son yillarda teknoloji alaninda
gelismeler, sosyal, ekonomik ve politik alanda

bircok degisimin yasanmasina onciiliik etmistir. Bu

yasanan

durum igletmelerin dig ¢evre ile olan etkilesimini
arttirarak diinya ekonomisinin kiiresellesmesine
neden olmustur. Kiiresellesme ile birlikte diinya
ekonomisinde yogun bir rekabet ortami olugsmustur.
Isletmeler rekabetin arttig1 yeni diinya diizeninde
hayatta kalabilmek ve faaliyetlerini siirdiirebilmek
zorunda
sektori

adima ¢esitli stratejiler gelistirmek
kalmiglardir. Bu yeni dénem bircok
etkiledigi gibi hava tasimaciligi sektoriinii de
etkilemistir. Hava tasimaciligi sektoriinde faaliyet
gosteren isletmeler yogun rekabet ortaminda ayakta
kalabilmek, sistematik ve sistematik olmayan
risklere karsi miicadele edebilmek ve mevcut
risklerini minimize etmek adina is birligi igerisinde
hareket etmek zorunda kalmuslardir [1]. Bu stratejik
is birliklerinin en yaygin olani bir¢ok havayolu
isletmesinin bir araya gelerek kurmus oldugu
havayolu stratejik isbirlikleridir.

Havayolu stratejik isbirlikleri, isbirligine lye

olan havayolu isletmelerinin ag§ yapisimni
genigleterek daha fazla noktaya ug¢masini
saglamakta ve bunun sonucunda havayolu
isletmelerinin islem maliyetlerini ve riskini
azaltarak daha fazla kar elde etmesini
saglamaktadir.  S6z  konusu  avantajlardan

yararlanmak isteyen havayolu isletmeleri havayolu
stratejik igbirliklerine iiye olmak istemektedirler
[2]. Giintimiizde
havayolu isletmelerinin iiye oldugu ii¢ biiyiik
kiiresel igbirligi bulunmaktadir. Bu
havayolu isbirlikleri; Star Alliance, SkyTeam ve
Oneworld seklinde siralanabilmektedir. S6z konusu
havayolu stratejik isbirliklerine iliskin glincel

hava tasimaciligi pazarinda

havayolu

veriler Tablo 1’de verilmistir.

Tablo 1.
Isbirliklerinin Genel Durumu

Diinyanin En Biiyilk Havayolu

Star SkyTeam OneWorl
Alliance d
Uye Sayisi 28 19 14
Kurulus 1997 2000 1999
Tarihi
Yillik Yolcu 762 676 548
Sayisi
(Milyon)
Filo 5033 3054 3553
Biiyiikliigii
Giinliik 19100 15445 13100
Ucus Sayisi
Calisan 443703 392155 493650
Sayisi
Uculan 195 170 161

Ulke Sayis1

Kaynak: www.staralliance.com, www. oneworld.
com, www.skyteam.com (2020)

Havayolu isletmeleri, ag yapisini sorunsuz bir
hale getirmek, pazar paylarim arttirmak, diger
havayolu isletmeleri ile riski paylasmak ve
maliyetleri azaltmak amaciyla kiiresel havayolu
igbirliklerine {iye olmaktadirlar. Kiiresel havayolu
sayesinde isletmeleri
yolcularint ugus gergeklestirmedikleri noktalara

isbirlikleri havayolu

diger havayolu isletmeleri sayesinde ugurabilmekte
ve boylece kesintisiz bir ugus ag yapisina sahip
olabilmektedirler [3].

Havayolu Stratejik Isbirliklerinin Pazar Paylar1

22%

47%

16%

15%

Star Alliance SkyTeam Oneworld Uye Olmayanlar
Sekil 1. Havayolu Stratejik Is birliklerinin 2019
Yilia Ait Pazar Paylar (Airline Business 2020, s.

41)

Sekil 1’de ti¢ biiyilik (Star Alliance, SkyTeam,
Oneworld) kiiresel havayolu isbirliginin pazar
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paylar1 ile herhangi bir kiiresel havayolu isbirligine
iiye olmayan havayolu isletmelerinin toplam pazar
paylart  gosterilmektedir. Buna gore kiiresel
havayolu igbirliklerinin toplam pazar paylar1 % 53’
tur.

Bu calismanin amaci, havayolu stratejik
isbirliklerine {iye olan toplam 31 havayolu
isletmesinin  2016-2019 donemine ait finansal
acidan performansinin veri zarflama analizi ile
incelenmesi ve havayolu isbirliklerinin etkinlik
degerleri agisindan kendi icerisinde
karsilagtirilmasidir. Bununla birlikte havayolu
igbirliklerinin Covid-19 salgimmi 6ncesi donemdeki
finansal performansinin arastirilmasidir. Bu
caligmayi, alanyazinda yer alan  benzer
caligmalardan ayiran bazi 6zellikler bulunmaktadir.
Bu ozellikler; havayolu stratejik isbirliklerine {iye
olan havayolu isletmelerinin finansal etkinlik

acisindan analiz edilmesi ve havayolu isbirliklerinin

Covid-19 salgim1  o6ncesi donemdeki finansal
performansinin incelenmis olmasidir.
Arastirmanin ilerleyen bolimlerinde

alanyazinda yapilmis olan benzer c¢aligmalardan
bahsedilmis zarflama analizi
anlatilmistir. Daha sonraki boliimlerde analize dahil
edilen karar verme birimleri ile degiskenler

sonrasinda veri

hakkinda ayrintili bir bigcimde bilgi verilmis ve
analizin uygulanis biciminden bahsedilmistir. Son
boliimde ise etkinlik 6l¢limii sonucunda elde edilen
bulgular degerlendirilmistir.

2. Literatur

Isletmelerin biiyiimelerinde ve yasamlarim
devam ettirmelerinde olduk¢a 6nemli bir yere sahip
olan finansal performans konusu diger birgok
sektorde oldugu gibi hava tasgimacilig1 sektoriinde
de hayati bir 6neme sahip olmaktadir. Bundan
dolayr hava tasgimacilign ile ilgili alanyazinda
finansal performansla ilgili yapilmis c¢ok sayida
calisma bulunmaktadir. Ornegin Chuang vd.,
yapmis oldugu caligmada, Asya merkezli faaliyet
gbosteren 6 havayolu isletmesinin  1992-2000
donemine ait hisse senedi performansim
karsilagtirmistir [4]. Wang, Tayvan ve Cin merkezli
faaliyet gosteren 3 havayolu isletmesinin 2001-
2005 donemine ait finansal performansim bulanik
TOPSIS ve gri iliskisel analiz yontemleri ile
incelemistir [5]. Pires ve Fernandes, Amerika
merkezli faaliyet gosteren havayolu igletmelerinin

2001-2002 donemindeki finansal performansin

veri zarflama analizi ile malmquist toplam faktor
verimliligi endeksi yOntemleri aracilignt ile
kargilagtirmigtir [6]. Lee ve Hooy, Avrupa, Asya ve
Kuzey Amerika merkezli faaliyet gosteren bazi
havayolu isletmelerinin maruz kalmis olduklar
sistematik risk agisindan finansal performanslarini
incelemistir [7]. Lin, Diinyanin cesitli bolgelerinde
faaliyet  goOsteren  havayolu  isgletmelerinin
etkinliklerini hem miisteri iliskileri agisindan hem
de finansal agidan karsilagtirmistir [8]. Teker vd., 20
havayolu isletmesinin 2011-2014 donemine ait
finansal performansini harmonik endeks yontemi
araciligi ile incelemistir [9]. Bourjade vd., finansal
kiralama isleminin karlilik {izerindeki etkisini
arastirmak amaciyla finansal kiralama islemi
gerceklestiren 73 havayolu isletmesinin 1996-2011
dénemine ait finansal performansini
kargilagtirmigtir [10]. Wang vd., diinyanin cesitli
bolgelerinde faaliyet gosteren 49 havayolu
isletmesinin finansal a¢idan etkinligini dinamik veri
zarflama analizi araciligi ile incelemistir [11].
Pineda vd., 8 havayolu isletmesinin 2005-2014
donemine ait finansal performansim Dematel
temelli ANP (DANP) ve VIKOR yontemleri
araciligl ile karsilagtirmistir [12]. Renold vd., farkl
i modelini uygulayan ve uzun menzilli ugus
faaliyeti gerceklestiren havayolu isletmelerinin
finansal performansina etki eden faktorleri
incelemistir [13]. Zuidberg, Geleneksel is modelini
uygulayan bir havayolu isletmesi ile diisiik maliyetli
is modelini uygulayan bir havayolu isletmesinin
finansal performansini finansal oranlar aracilig ile
kargilagtirmigtir  [14].  Kiraci, 15
isletmesinin  2003-2014 donemine ait finansal
performansimmt MACBETH, MABAC ve trend
analizi yontemleri ile incelemistir [15]. Alict ve
Sevil, havayolu isletmelerinin igsel finansal
faktorleri ile hisse senetleri arasindaki iligkiyi panel

havayolu

veri analizi yontemi araciligl ile arastirmistir [16].
Asker ve Aydm, farkli i modelini uygulayan
toplam 54 havayolu isletmesinin 2010-2017
donemine ait finansal performansini veri zarflama
analizi ile karsilagtirmis ve finansal performans
tizerinde etkili olan faktorleri tobit regresyon
modeli aracilig1 ile tahmin etmistir [17].

Hava tagimaciligi sektoriinde etkinlik 6l¢limii ile
ilgili alanyazin ¢aligmalarina bakildiginda baz1
caligmalarin havayolu stratejik isbirliklerini konu
aldigr  goriilmektedir. Ornegin; Kuzminykh ve
Zufan, yapmis olduklart ¢aligmada Havayolu
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stratejik is birliklerine iiye olan 65 havayolu
isletmesinin  2003-2012 donemine ait finansal
performansini etkileyen faktorleri panel veri analizi
yontemi ile arastirmiglardir. [18]. Kanbur ve
Karakavuz, {i¢ biiyiik (Star Alliance, Skyteam,
Oneworld) havayolu stratejik isbirliginin stratejik
ve finansal yonetim agisindan performansint SWOT
analizi aracilig1 ile incelemislerdir [19]. Min ve Joo,
havayolu stratejik ittifaklarina iiye olan 44 ve iiye
olmayan 15 havayolu isletmesinin 2006-2010
donemine ait operasyonel agidan etkinligini VZA
yontemi araciligr ile karsilastirmistir [20]. Yu vd.,
havayolu stratejik isbirligine {iye olan 30 havayolu
isletmesinin 2009-2012 dénemine ait operasyonel
acidan performansini ilk asamada dinamik veri
zarflama analizi ile incelemis ikinci asamada ise
operasyonel performansi etkileyen faktorleri
truncated regresyon modeli ile tahmin etmiglerdir
[21]. Kottas ve Madas, stratejik isbirliklerine iiye
olan 23 havayolu isletmesi ile havayolu stratejik
igbirliklerine liye olmayan 7 havayolu isletmesinin
operasyonel agidan performansini veri zarflama
analizi aracilign ile incelemistir [22]. Kiraci,
havayolu stratejik ittifaklarina iiye olan 20 havayolu
isletmesinin stratejik ittifaklara tiye olmadan 6nceki
ve iliye olduktan sonraki finansal performansini
Critic temelli TOPSIS ve trend analizi yontemi
aracihigr ile karsilastirmustir [23]. Kiraci1 ve Bakar,
Star Alliance havayolu stratejik isbirligine iiye olan
12 havayolu isletmesinin 2015-2017 donemine ait
finansal performansin1 Critic temelli CODAS
yontemi aracihigi ile karsilagtirmstir [24].

Alan yazinda havayolu stratejik igbirliklerinin
operasyonel agidan performanslarinin incelenmis
oldugu ¢ok sayida ¢alisma olmasina ragmen [20-22]
havayolu stratejik isbirliklerinin finansal agidan
performansinin incelenmis oldugu ¢aligma sayisinin
¢ok az oldugu gorilmiistiir [23-24]. Bundan dolay1
li¢ biuylk (Star Alliance, Skyteam, Oneworld)
havayolu  stratejik  igbirliklerinin ~ finansal
performansinin VZA araciligi ile incelenmis oldugu
bu calismanin bu yoniiyle alan yazma katki
saglayacagi diisliniilmektedir.

3. Veri Zarflama Analizi

Etkinlik ol¢iimii ile ilgili yapilmis ¢aligmalarda
siklikla kullanilan veri zarflama analizi ilk olarak
1957 yilinda Farell tarafindan gelistirilmis olan sinir

Olgege gore sabit getiri varsayimimi baz alan
CCR modeli, veri zarflama analizinde kullanilan ilk

iiretim fonksiyonu Onerisi ile ortaya atilmustir [25].
ik orijinal veri zarflama analizi ise Charnes, Cooper
ve Rhodes tarafindan 1978 yilinda gelistirilmistir
[26]. Veri zarflama analizi benzer mal ve hizmet
tireten ve ¢ok sayida girdi ve ¢ikt1 degiskenine sahip
olan  karar verme  birimlerinin  goreceli
etkinliklerinin karsilastirilmasi asamasinda
kullanilan bir analiz teknigidir [27]. Bununla
birlikte veri zarflama analizi teknigi farkli 6lgeklere
sahip girdi ve ¢ikt1 degiskenlerinin ait oldugu karar
verme birimlerinin karsilastirilmasinin gii¢ oldugu
durumlarda da kullanilabilmektedir [28].
Etkinlik  6l¢limii  asamasinda
yontemlere nazaran daha g¢ok tercih edilen veri

parametrik

zarflama analizi ayni sektorde faaliyet gosteren
isletmelerin veya benzer amaclar1 olan kurum ve
kuruluslarin ~ etkinlik  Ol¢iimii  asamasinda
kullanilmaktadir. Ornegin bir isletmenin veya bir
bankanin subelerinin etkinliklerinin
degerlendirilmesi asamasinda veri zarflama analizi
teknigi kullanilabilmektedir [29].

Veri zarflama analizi teknigi, belirli bir {iretim
fonksiyonuna ihtiya¢ duymadan ¢ok sayida girdi ve
¢ikt1 degiskeni kullanarak karar verme birimlerinin
etkinligini 6l¢en ve parametrik olmayan bir 6l¢im
yontemidir [30]. Bunun yani sira veri zarflama
analizi, regresyon
durumlarda karar verme birimlerinin goreceli

analizinin uygulanamadig

etkinligini 6lgebilen bir 6lgtim teknigidir [31].

Veri zarflama analizi, benzer 6zelliklere sahip
olan karar verme birimlerinin goreceli etkinliklerini
girdi ve ¢ikt1 degiskenleri araciligi ile dlgebilen ve
bu etkinlik O6l¢iimii sonucunda en 1iyi etkinlik
degerine sahip olan karar verme birimine gore
etkinlik smirim belirleyen ve diger karar verme
birimlerinin bu etkinlik sinirina olan uzakligimni
hesaplayabilen bir yontemdir [32].

Veri zarflama analizi, ilk olarak toplam etkinligi
6lgen CCR modelinin kullanilmasindan sonra takip
eden yillarda gerek metodolojik gerekse teorik
acidan hizli bir gelisim ve donilisim donemine
girmistir [33]. Ik olarak 1984 yilinda CCR
modeline 7-1B; =1 Kkonvekslik
eklenmesi ile teknik ve 6lgek etkinligini ayri ayri
6lgebilen BCC modeli gelistirilmistir [26].

3.1. CCR Modeli

kisitinin

model olma ozelligi tasimaktadir. CCR modeli
araciligi ile karar verme birimlerinin toplam etkinlik
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degerleri hesaplanabilmekte ve etkinsizlige neden
olan faktorler tesbit edilebilmektedir [34]. CCR
modelinin matematiksel yapist asagida ifade
edilmistir [35].

Qx =max<9+ siS[+ siSﬁ) (D

i=1 r=1
Kisitlar,
n
ZXifﬁj"'Sf—sz:O i=1,...m )
J=1
n
zyrjﬁj = S7 = B¥k=0 3)
J=1
r=11 p]=1,.n=1, m
Bi 20 S =0 SH=0
3.2. BCC Modeli

Olgege gore degisken getiri varsayimina
dayanan ve karar verme birimlerinin teknik ve 6lgek
etkinligini ayr1 ayn 6lgebilen BCC modeli, Banker,
Charnes ve Cooper tarafindan 1984 yilinda
geligtirilmigtir  [36]. Model CCR modeline
kovenkslik kisitinin eklenmesi sonucunda elde
edilmistir. BCC modelinin matematiksel formiilii
asagida yer almaktadir [37]:

m P
E0=Max(9+sZSi‘+ngr+) 4)
i=i r=1

Kisitlar,

n

ZXU,BJ- +S7 —Xye=0 i=12.m (5)
j=1

n

Zyrjﬁ,- Y, —St=0 r=12.p  (6)
=1

Zn:ﬂf =1 )

4. Ampirik Bulgular

Bu calismada, havayolu stratejik ittifaklarina
(Star Alliance, SkyTeam ve Oneworld) iiye olan
toplam 31 havayolu isletmesinin 2016-2019
donemine ait finansal agidan etkinlik Ol¢limii veri
zarflama analizi teknigi aracilig1 ile
gerceklestirilmistir. Havayolu isletmelerine ait
finansal veriler Thomson Reuters Data Stream veri
tabanindan elde edilerek analize dahil edilmistir.
llgili havayolu isletmelerinin etkinlik analizi
asamasinda Deap 2.1 yazilim programindan
faydalanilmistir.

Tiim etkinlik ve verimlilik analizlerinde oldugu
gibi veri zarflama analizinde de girdi ve cikti
degiskenlerinin dogru segilmesi analizin basarisini
dogrudan etkilemektedir. Bu agidan analize dahil
edilecek girdi ve ¢ikti degiskenlerinin kendi i¢inde
uyumlu olmasi ve karar verme biriminin etkinlik
durumunu en iyi sekilde yansitacak degiskenler
arasindan secilmesi gerekmektedir. Bundan dolay1
degiskenler se¢ilmeden once degiskenler arasinda
korelasyon analizi gerceklestirilerek aralarinda
yiiksek korelasyon bulunan degiskenlerden biri
elenebilmektedir.  Bu  dogrultuda  ¢alisma
kapsaminda girdi ve c¢ikti degiskeni olarak
kullanilan finansal verilere korelasyon analizi
uygulanmistir. Calismada yer alan finansal
degiskenlere ait tanimlayici istatistik ve korelasyon
analizi tablosu EK A-B’de yer almaktadir.

Calisma  kapsaminda  kullanilan
degiskenlerin se¢im asamasinda alanyazinda

finansal

yapilmis olan benzer ¢alismalardan faydalanilmistir
[6, 9, 11-13, 15,17, 38-43]. Analizde kullanilan
girdi ve c¢ikti degiskenleri Tablo 2’de yer

=1 almaktadir.
>0 S7=0 S=0 j=12,.n
i = 1,2 m r= 112’ p
Tablo 2. Analizde Kullanilan Girdi ve Cikt1 Degiskenleri
Girdi Degiskenleri Aciklama

Donen Varliklar

Duran Varliklar
Kisa Vadeli Yabanci Kaynaklar
Uzun Vadeli Yabanci Kaynaklar
Cikt1 Degiskenleri
Net Kar
Net Satiglar
Pazar Degeri

Havayolu isletmelerinin sahip oldugu donen varliklarin toplanu

Havayolu isletmelerinin sahip oldugu duran varliklarin toplami
Havayolu isletmelerinin kisa vadede kullanmis oldugu kaynaklar
Havayolu isletmelerinin uzun vadede kullanmis oldugu kaynaklar

Aciklama

Havayolu isletmelerinin elde etmis oldugu net kar miktari

Havayolu isletmelerinin yapmis oldugu satis toplami
Havayolu isletmelerinin pazar (piyasa) degerleri
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Havayolu igbirliklerine 1{iye olan havayolu
isletmelerinin etkinlik 6l¢iimii VZA’ nin hem BCC
hem de CCR modelleri aracilign ile
gerceklestirilmistir. BCC modeli ile ilgili havayolu
isletmelerinin teknik etkinlik degerleri
oOlgiilebilirken CCR modeli ile ilgili havayolu
isletmelerinin toplam etkinlik degerleri
Olciilebilmektedir.

Havayolu ulastirma sektérinde VZA’nin

kullanilmig oldugu caligmalarda uygulanacak olan
modelin se¢iminde iki farkli goriisiin savunuldugu
goriilmiistiir. Ik goriise gore sabit maliyetlerin
yiiksek oldugu hava tagimaciligi sektdriinde girdi

basarabilecekleri ifade edilmekte ve bu dogrultuda
cikti odakli modelin kullanilmas1  gerektigi
savunulmaktadir [44-46]. Diger goriise gore ise
hava ulastirma sektoriindeki isletmelerin ¢ikti
degiskenlerini arttrmalarinin  kolay olmadig1
belirtilmekte ve bu dogrultuda etkinligini arttirmak
isteyen havayolu isletmelerinin girdi degiskenleri
tizerinde degisiklikler —gerceklestirerek  bunu
basarabilecekleri ve bundan dolayr girdi odakli
modelin kullanilmas1 gerektigi ifade edilmektedir
[47-49]. Bu galismada ilk goriis dogrultusunda ¢ikt
odakli modelin kullanilmasi tercih edilmistir.
Caligma kapsaminda Star Alliance, SkyTeam ve

maliyetlerini azaltmanin kolay olmadig1 ve bundan Oneworld Grubuna {iye olan  havayolu

dolayr etkinligini arttirmak isteyen havayolu isletmelerinin etkinlik degerleri Tablo 3-5’te

isletmelerinin ~ ¢ikt1  degiskenleri  {izerinde verilmistir.

degisiklikler gerceklestirerek bunu

Tablo 3. Star Alliance Grubunun Etkinlik Degerleri
2016 2017 2018 2019

HAVAYOLLARI CCR BCC CCR BCC CCR BCC CCR BCC
AEGEAN AIRLINES 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
AIR CANADA 0.854  0.938 1.000 1.000 0.920 0.996 0.875 0.935
AIR CHINA 1.000 1.000 1.000 1.000 0.986 0.986 0.942 0.946
AIR NEW ZEALAND 0.633  0.635 0.721 0.741 0.683 0.686 0.714 0.719
ALL NIPPON AIRWAY'S 0.898 0.934 0.880 0.945 0.908 0.923 0.943 1.000
ASIANA AIRLINES 0.888  0.985 0.946 1.000 0.872 0.880 0.767 0.801
AVIANCA 0.826  0.908 0.741 0.756 0.682 0.708 0.540 0.563
COPA AIRLINES 0.944 1.000 1.000 1.000 1.000 1.000 1.000 1.000
EVA AIRWAYS 0.618 0.620 0.729 0.732 0.783 0.790 0.693 0.708
LUFTHANSA 0.767  1.000 0.908 1.000 0.955 1.000 0.768 1.000
SAS 0.945 1.000 0.976 0.980 0.869 0.893 1.000 1.000
SINGAPORE AIRLINES 1.000 1.000 0.836 0.893 0.886 0.934 0.723 0.788
THAI AIRWAYS 0.643  0.665 0.702 0.723 0.704 0.719 0.705 0.712
TURK HAVA YOLLARI 0.540 0.573 0.733 0.739 0.671 0.671 0.692 0.705
UNITED CONTINENTAL 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
ORTALAMA 0.837 0.883 0.878 0.900 0.861 0.879 0.824 0.858

Tablo 3’e gore veri zarflama analizi aracilifi ile
gergeklestirilen etkinlik Ol¢iimii soncunda Star
Alliance grubuna iiye olan havayolu isletmeleri
icerisinde Aegean Airlines isletmesi ile United
Continental isletmesinin tiim dénem boyunca etkin
oldugu tespit edilmistir. Air New Zealand, Asiana
Airlines, Avianca, Eva Airways, Thai Airways ve
Tiurk Hava Yollar1 isletmelerinin tim dénem
boyunca etkinlik smirinin altinda kaldiklar
goriilmistiir. Air Canada isletmesinin sadece 2017
yilinda, Air China isletmesinin 2016-2017
déneminde, Copa Airlines igletmesinin 2017-2019
doneminde, SAS isletmesinin sadece 2019 yilinda
ve Singapore Airlines isletmesinin ise sadece 2016

yilinda etkinlik sinirina ulagtigi tespit edilmistir.
Ayrica All Nippon Airways isletmesinin 2019
yilinda, Copa Airlines isletmesi ile SAS
isletmesinin 2016 yilinda ve Lufthansa isletmesinin
ise tiim donem boyunca BCC modeli agisindan
etkin oldugu goriilirken CCR modeli agisindan
etkin olmadig1 goriilmiistir.
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Tablo 4. SkyTeam Grubunun Etkinlik Degerleri

2016 2017 2018 2019

HAVAYOLLARI CCR BCC CCR BCC CCR BCC CCR BCC
AEROFLOT 1.000  1.000 1.000 1.000 1.000 1.000 0.913 0.958
AEROMEXICO 0.731 0.755 0.704 0.713 0.751 0.766 0.734 0.771
AIR FRANCE - KLM 0.783  1.000 0.758 1.000 0.675 0.874 0.688 0.935
CHINA AIRLINES 0.651 0.677 0.794 0.805 0.749 0.756 0.704 0.726
CHINA EASTERN 1.000  1.000 0.952 0.962 1.000 1.000 1.000 1.000
AIRLINES

DELTA AIRLINES 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
GARUDA INDONESIA 0.897 0.912 1.000 1.000 0.758 0.773 1.000 1.000
KOREAN AIR LINES 0.633  0.643 0.661 0.671 0.573 0.578 0.622 0.629
VIETNAM AIRLINES 0.723 0.771 0.882 0.897 0.994 1.000 1.000 1.000
ORTALAMA 0.824 0.862 0.861 0.894 0.833 0.860 0.851 0.891

Tablo 4’e gore VZA araciligl ile gergeklestirilmis
olan etkinlik 6l¢iimii sonucunda SkyTeam grubuna
iiye olan havayolu isletmeleri icerisinde Delta
Airlines isletmesinin tiim dénem boyunca etkinlik
sinirina ulagtigi  goriiliirken Aeromexico, China
Airlines ve Korean Airlines isletmelerinin ise tim
donem boyunca etkinlik sinirmin altinda kaldig:

2016, 2018 ve 2019 yillarinda, Garuda Indonesia
isletmesinin 2017 ve 2019 yillarinda ve Vietnam
Airlines isletmesinin ise sadece 2019 yilinda her iki
model acisindan da etkin oldugu tespit edilmistir.
Air  France- KLM igletmesinin  2016-2018
doneminde ve Vietnam Airlines isletmesinin 2018
yilinda sadece BCC modeli agisindan etkin oldugu

gorlilmiistiir.  Aeroflot isletmesinin 2016-2018 gorilmistiir.

doneminde, China Eastern Airlines isletmesinin

Tablo 5. Oneworld Grubunun Etkinlik Degerleri

2016 2017 2018 2019

HAVAYOLLARI CCR BCC CCR BCC CCR BCC CCR BCC
ALASKA AIRLINES 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
ROYAL JORDANIAN 0.697 1.000 0.900 1.000 0.858 1.000 0.806 1.000
AMERICAN AIRLINES 0.890 1.000 0.962 1.000 0.854 1.000 1.000 1.000
CATHAY PACIFIC 0.678 0.688 0.720 0.729 0.704 0.706 0.719 0.719
FINNAIR 0.617 0.640 0.622 0.645 0.672 0.679 0.796 0.810
JAPAN AIRLINES 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
QANTAS AIRWAYS 0.749 0.749 0.803 0.806 0.866 0.867 0.716 0.752
ORTALAMA 0.804 0.868 0.858 0.882 0.850 0.893 0.862 0.897

Tablo 5’e gore VZA araciligi ile yapilmis olan
etkinlik analizi sonucunda Alaska Airlines isletmesi
ile Japan Airlines igletmesinin tiim dénem boyunca
etkin oldugu tespit edilirken Cathay Pasific, Finnair
ve Qantas Airways isletmelerinin ise tiim dénem
boyunca etkin olmadigi goriilmiistiir. American
Airlines igletmesinin sadece 2019 yilinda hem CCR
hem de BCC modeli agisindan etkin oldugu tespit

edilmistir. Royal Jordanian isletmesinin 2016-2019
doneminde ve American Airlines isletmesinin
2015-2018 doneminde sadece BCC modeli
acisindan etkin ¢iktig1 goriilmiistiir.

Stratejik  isbirliklerinin  2016-2019
donemine ait ortalama etkinlik degerleri sekil 2’de

Havayolu

gosterilmistir.

Havayolu Stratejik Isbirliklerinin Ortalama Etkinlik Degerleri

0,9

0,8

2016 2017

Star Alliance

SkyTeam

2018 2019

Oneworld

Sekil 2. Havayolu Stratejik Isbirliklerinin Ortalama Etkinlik Degerleri
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Sekil 2°de goriildiigii gibi ii¢ biliylik havayolu
stratejik is birliginin finansal acgidan ortalama
etkinlik degerlerinin 2016-2017 doneminde arttig1
goriiliirken 2017-2018 azaldig1 goriilmiistiir. 2018-
2019 doneminde Omneworld ve SkyTeam
gruplarinda bir toparlanma oldugu gortiliirken Star
Alliance grubunda ise ortalama etkinligin diistiigii
tespit edilmistir.

5. Sonuc¢

Bu calismada ii¢ biiylik stratejik is birligine (Star
Alliance, SkyTeam, Oneworld) iiye olan havayolu
isletmelerinin  finansal agidan performansinin
kargilagtirilmas1 amaciyla toplam 31 havayolu
isletmesinin  2016-2019 doénemine ait etkinlik
Olglimii veri zarflama analizi teknigi aracilig ile
gergeklestirilmistir.  Etkinlik 6l¢limii  sonucunda
Star Alliance grubuna iiye olan havayolu igletmeleri
igerisinde 2 havayolu isletmesinin (Agean Airlines,
United Continental) tiim doénem boyunca etkin
oldugu goriilitken 6 havayolu isletmesinin
(Airnewzealand, Asiana airlines, Avianca, Ewa
Airways, Thai Airways, Tiirk Hava Yollan) ise tim
donem boyunca etkin olmadig goriilmiistiir.
SkyTeam grubuna iiye olan havayolu isletmeleri
icerisinde 1 havayolu isletmesinin (Delta Airlines)
tim donem boyunca etkin oldugu, 3 havayolu
isletmesinin (Aeromexico, China Airlines, Korean
Airlines) ise tiim donem boyunca etkin olmadigi
tespit edilmistir. Oneworld grubuna iiye olan
havayolu isletmeleri icerisinde ise 2 havayolu
isletmesinin (Alaska Airlines, Japan Airlines) tiim
dénem boyunca etkin oldugu, 3 havayolu
isletmesinin (Cathay Pasific, Finnair, Qantas
Airways) ise tiim donem boyunca etkin olmadigi
goriilmiistiir.

Star Alliance grubunda Lufthansa isletmesinin
2016 yilinda, Thai Ariways isletmesinin 2017
yilinda, Tiirk Havayollari isletmesinin 2018 yilinda
ve Avianca isgletmesinin 2019 yilinda en koti
performansa sahip isletmeler oldugu tespit
edilmistir. SktyTeam grubunda Korean Airlines
isletmesinin  tiim donem boyunca en Kkotii
performansa sahip isletme oldugu goriiliirken
Oneworld grubunda ise 2016-2018 doneminde
Finnair isletmesinin 2019 yilinda ise Cathay Pasific
isletmesinin en kotli performansa sahip isletme
oldugu goriilmiistiir.

Ortalama toplam etkinlik degerleri agisindan
bakildiginda ise (Sekil 2) 2016-2017 doneminde her

iic havayolu stratejik is birliginin etkinlik
degerlerinin arttigi, 2017-2018 doneminde azaldigi,
2018-2019 doneminde ise Oneworld ve SkyTeam
grubunun toparlanma igerisine girerek etkinligini
arttirdign ancak Star Alliances grubunun etkinlik
degerlerinin azalmaya devam ettigi goriilmektedir.
Bu durumun nedenleri arasinda Star Alliance
grubuna iiye olan havayolu isletmelerinin biiyiik
Olcekte faaliyet gostermesi ve 6lgek biiyiikliigiinden
dolay1 degisim ve doniisimiin daha yavag
olmasindan kaynaklandigi sdylenebilmektedir.

Arastirma sonucunda elde edilen verilerin,
havayolu stratejik isbirliklerine {iye olan havayolu
isletmelerinin yoneticilerine elde edilen sonuglari
analiz etme ve degerledirme noktasinda yardimct
olacag diisliniilmektedir.

Havayolu stratejik is birliklerinin finansal
performansinin veri zarflama analizi ile incelenmis
oldugu bu calismanin bazi kisitlart bulunmaktadir.
Bu kisitlar; Star Alliance grubuna iiye olan 28
havayolu igletmesi igerisinden 15, Skyeam grubuna
iiye olan 19 havayolu isletmesi igerisinden 9 ve
Oneworld grubuna iiye olan 14 havayolu isletmesi
icerisinden 7 havayolu isletmesinin analize dahil
edilmesidir. Bununla birlikte finansal performansi
yansitan 4 girdi ve 3 ¢ikt1 degiskenin kullanilmasi
da diger bir kisit olarak gosterilebilmektedir.
llerleyen dénemlerde yapilacak olan calismalarda
tiim havayolu stratejik igbirliklerine iiye olan
havayolu isletmelerinin finansal, operasyonel ve
¢evresel performansini yansitan birgok girdi ve ¢ikti
degiskeni ile havayolu stratejik isbirliklerinin
performansi incelenebilir.

Etik Kurul Onay
Gerekli degil.

Kaynaklar

[1] B.Kleyman, and H. Seristd, "Levels of airline
alliance  membership: balancing risks and
benefits”, Journal of Air  Transport
Management, 7(5), 303-310, 2001.

C. F. Goetz, and A. H. Shapiro, "Strategic
alliance as a response to the threat of entry:
evidence  from airline codesharing"”,
International Journal of Industrial
Organization, 30(6), 735-747, 2012.

B.-S. Teng, "Collaborative advantage of
strategic alliances: value creation in the value

[2]

3]

188



.,’A I/e—ISSN:2587-1676

5(2): 181-191 (2021)

net", Journal of General Management, 29(2), 1-
22, 2003.

I.-Y. Chuang, Y.-C. Chiu, and C. E. Wang,
"The performance of asian airlines in the recent
financial turmoil based on VAR and modified
sharpe ratio”, Journal of Air Transport
Management, 14(5), 257-262. 2008.

Y.-J. Wang, "Applying FMCDM to evaluate
financial performance of domestic airlines in
taiwan", Expert Systems with Applications,
34(3), 1837-1845, 2008.

H. M. Pires, and E. Fernandes, "Malmquist
financial efficiency analysis for airlines",
Transportation Research Part E, 48(5), 1049-
1055, 2012.

C.-H. Lee, and C.-W. Hooy, "Determinants of
systematic financial risk exposures of airlines
in north america, europe and asia", Journal of
Air Transport Management, 24(5), 31-35,
2012.

W.-C. Lin, "Financial performance and
customer service: an examination using
activity-based costing of 38 international
airlines”, Journal of Air  Transport
Management, 19(1), 13-15, 2012.

S. Teker, D. Teker, and A. Giiner, "Financial
performance of top 20 airlines”, Procedia
Social and Behavioral Sciences, 235(3), 603-
610, 2016.

[10] S. Bourjade, R. Huc, and C. M. Vibes,
"Leasing and profitability: empirical evidence
from the airline industry"”, Transportation
Research Part A: Policy and Practice, 97(2),
30-46. 2017.

[11] W.-K. Wang, F. Lin, I. W. Ting, Q. L. Kweh, ,
W.-M. Lu, and T.-Y. Chiu, "Does asset-light
strategy contribute to the dynamic efficiency of
global airlines?”, Journal of Air Transport
Management, 62(3), 99-108, 2017.

[12] P. G. Pineda, J. J. Liou, C.-C. Hsu, and Y.-C.
Chuang, "An integrated MCDM model for
improving airline operational and financial
performance”, Journal of Air Transport
Management, 68(2), 103-117, 2018.

[13] M. Renold, J. Kualijanin, and M. Kalic, "The
comparison of financial performance of
airlines with different business model operated
in long-haul market”, Transportation Research
Procedia, 43(1), 178-187, 20109.

[14]J. Zuidberg, "Network geographies and
financial performances in low-cost carrier
versus network carrier competition: the case of
norwegian versus SAS", Journal of Transport
Geography, 79(4), 1-12, 2019.

[4]

[5]

[6]

[7]

[8]

[9]

[15] K. Kiraci, "Financial Risk & Financial
Performance: The Impact of the Global
Financial Crisis on Airlines", Research in
Economics, Econometrics & Finance, 257-
284, 2019.

[16] A. Alici, and G. Sevil, “Analysis of internal
financial factors affecting stock price in airline

businesses”, The Journal of International
Scientific Researches, 5(28), 28-46, 2020.

[17] V. Asker, and N. Aydin, "Financial efficiency
measurement in airlines and determining
factors of efficiency”, Alanya Akademik Bakis
Dergisi, 5(2), 793-814, 2021.

[18] [18] N. Kuzminykh, and P. Zufan, "Airline
alliances and their influence on firm
performance”, Procedia Economics and
Finance, 12(1), 329-333, 2014.

[19] [19] E. Kanbur, ve H. Karakavuz, “Stratejik
yonetim  kapsaminda kiiresel havayolu
isbirliklerinin SWOT analizi”, Journal Of
Auviation, 1(2), 74-86, 2017.

[20] H. Min, and S.-J. Joo, "A comparative
performance analysis of airline strategic
alliances using data envelopment analysis",
Journal of Air Transport Management, 52(3),
99-110, 2016.

[21] M.-M. Yu, L.-H. Chen, and Chiang, H. "The
effects of alliances and size on airlines
dynamic operational performance”,
Transportation Research Part A, 7(106), 197-
214, 2017.

[22] A. T. Kottas, and M. A. Maddas, "Comparative
efficiency analysis of major international
airlines using data envelopment analysis:
exploring effects of alliance membership and
other operational efficiency determinants"”,
Journal of Air Transport Management, 70(5),
1-17, 2018.

[23] K. Kiract, "Does joining global alliances affect
airlines financial perfomance”, Contemporary
Challenges in Business and Life Sciences, 39-
59, 20109.

[24] K. Kirac1, and M. Bakir, "Evaluation of airlines
performance using an integrated CRITIC and
CODAS methodology: the case of star alliance
member airlines”, Studies in Business and
Economics, 15(1), 83-99, 2020.

[25] Y. J. Lee, S.-J. Joo, and H. G. Park, "An
application of data envelopment analysis for
korean  banks  with  negative data"
Benchmarking: An International Journal,
24(4), 1052-1064, 2017.

[26] W. W. Cooper, L. M. Seiford, and J. Zhu,
"Handbook on data envelopment analysis

189



.,’A I/e—ISSN:2587-1676

5(2): 181-191 (2021)

history, =~ models and  nterpretations",
International Series in Operations Research &
Management Science, 164(1), 1-39, 2011.

[27]P. Lang, R. Yolalan, and O. Kettani,
"Controlled envelopment by face extension”,
Journal of the Operational Research Society,
46(4), 473-491, 1995.

[28] R. Ramanathan, An Introduction To Data
Envelopment  Analysis A  Tool For
Performance Measurement. New Delhi, India;
Sage Publications: 2003.

[29] M. Timor, "Hastane performansini belirlemede
veri zarflama analizi", istanbul Universitesi
Isletme Fakiiltesi Dergisi, 30(1), 69-79, 2001.

[30] E. Pourjavad, and H. Shirouyehzad, "A data
envelopment analysis approach for measuring
the efficiency in continuous manufacturing
lines: a case study" International Journal of
Services and Operations Management, 18(2),
142-158, 2014.

[31] Y. Akan, ve G. Calmasur, "Etkinligin
hesaplanmasinda veri zarflama analizi ve
stokastik  sinir  yaklasimi  yontemlerinin

karsilastirilmas1," Atatiirk Univeristesi Iktisadi
Idari Bilimler Dergisi, 25(1), 13-32, 2011.

[32] H. Zhou, Y. Yi, Y. Chen, and J. Zhu. "Data
envelopment  analysis  application  in
sustainability: the origins, development and
future directions”, European Journal of
Operational Research, 264(1), 1-16, 2018.

[33] Z. Baskaya, and B. Avci Oztiirk, "Measuring
financial efficiency of cement firms listed n
istanbul stock exchance via fuzzy data
envelopment  analysis”, Muhasebe ve
Finansman Dergisi, 54(3), 175-188, 2012.

[34] S. J. Weng , T. Wu, J. Blackhurst, and G.
Mackulak, "An extended DEA model for
hospital ~ performance  evaluation and
improvement”, Health Service Outcomes
Research Method, 9(1), 39-53, 20009.

[35] [35] W. D. Cook, and J. Zhu, Modeling
Performance Measurment Application and
Implementation Issues in DEA New York,
USA: Springer, 2005.

[36] W. Cooper, L. Seiford, and K. Tone, Data
Envelopment Analysis A Comprehensive Text
With Models, Applications References And
Dea- Solver Software, Newyork, USA:
Springer, 2007.

[37] A. Elsayed, and N. S. Khalil, "Evaluate and
analysis efficiency of safaga port using DEA-
CCR, BCC and SBM models—comparison with
DP world sokhna", IOP Conference Series:

Materials Science and Engineering, 245(4), 1-
11, 2017.

[38] U. Battal, "Avrupadaki havaalan1 grup
sirketlerinin ~ finansal  performanslarinin
Olciilmesi: veri zarflama analizi yontemi",
Omer Halisdemir Universitesi Iktisadi ve Idari
Bilimler Fakiiltesi Dergisi, 13(1), 171-184.
2020.

[39] M. Bakur, S. Akan, K. Kiraci, D. Karabasevic,
, D. Stanujkic, and G. Popovic, "Multiple-
criteria  approach of the operational
perfomance evaluation in the airline industry:
evidence from emerging market", Romanian
Journal of Economic Forecasting, 23(2), 149-
172, 2020.

[40] F. Day1, and Y. Esmer, "Measuring financial
peformance of airline passenger transport
company 1n european. 33rd International
Academic Conference, IISES, Vienna, 60-71,
2019.

[41] S. Pergin, and E. Aldalou, "Financial
performance evaluation of turkish airline
companies using mtegrated fuzzy AHP fuzzy
TOPSIS model"”, Uluslararasi iktisadi ve Idari
Incelemeler Dergisi, 2018(1), 583-598, 2018.

[42]1 V. Omiirbek, ve B. Kinay, "Havayolu
tasimaciligi sektoriinde TOPSIS yontemiyle
finansal performans degerlendirmesi",
Siileyman Demirel Universitesi Iktisadi ve
Idari Bilimler Fakiiltesi Dergisi, 18(3), 343-
363, 2013.

[43] R. Mahesh, and D. Prasad, "Post merger and
acquisition financial perfomrnace analysis: a
case study of select indian airline companies".,
International Journal Of Engineering and
Management Sciences, 3(3), 362-369, 2012.

[44] A. G. Assaf, and A. Josiassen, "The
operational performance of UK airlines: 2002-
2007," Journal of Economic Studies, 38(1), 5-
16, 2011.

[45] C. Barros, and N. Peypoch, "An evaluation of
european airlines’ operational performance",
International Journal of Production
Economics, 122(2), 525-533, 2009.

[46] D. Bhadra, "Race to the bottom or swimming
upstream: performance analysis of  US
airlines”  Journal of  Air  Transport
Management, 15(5), 227-235, 2009.

[47] V. Sakthidhran, and S. Sivaraman, "Impact of
operating cost components on airline
efficiency in india: A DEA approach", Asia
Pacific Management Review, 23(3), 258-267,
2018.

190



.,’A I/e—ISSN:2587-1676

5(2): 181-191 (2021)

[48] M.-M. Yu, Y.-C. Chang, and Chen, L.-H.
"Measurement of airlines’ capacity utilization
and cost gap: evidence from low-cost carriers",
Journal of Air Transport Management, 53(3),
186-198, 2016.

[49] H. Saranga, and R. Nagpal, "Drivers of
operational efficiency and its impact on market
performance in the indian airline industry”,
Journal of Air Transport Management, 53(3),
165-176, 2016.

EK-A. Girdi- Cikt1 Degiskenlerine ait Tamimlayici Istatistikler

Pazar Net Kar Net Satislar Do6nen Duran KV.Y.K U.V.Y.K
Degeri Varliklar Varliklar
Ort 6.161.15 657698 129439 351236 113063 551781 776668
Median 2.892.94 235222 8844141 2369543 242510 3217307 4489232
Maximum 40018.59 4767000 4700700 1266492 4373200 2020400 4150800
Minimum 8.673.00 1.000.00 843208 244856 104452 305696 81477.
Std. Sapma 7.618.10 954933. 1260825 2997880 1067767 5142644. 8362806.
Egiklik 2.257.36 2.203.89 1.451.85 1.288.25 1.127.94 1.257.62 1.846.20
Basiklik 8.857.38 7.981.50 3.906.18 3.878.11 3.433.07 3.494.70 6.692.44
Toplam 763983.2 8155455 1.61E+1 4.36E+1 1.40E+1 6.84E+1 9.63E+1
Toplam Std. 7.14E+09 1.12E+1 1.96E+1 1.11E+1 1.40E+1 3.25E+1 8.60E+1
Sapma
Gozlem Sayis1 124 124 124 124 124 124 124
EK-B. Girdi- Cikt1 Degiskenlerine ait Korelasyon Analizi

Pazar Net Kar Net Sat. Doénen V. Duran V. KV.Y.K. U.V.Y.K.

Deg.
Pazar Deg. 1 0.804340 0.770350 0.621074 0.718267 0.723060 0.704283
Net Kér 0.804340 1 0.761018 0.702890 0.680792 0.732409 0.696385
Net Sat. 0.770350  0.761018 1 0.800511 0.796173 0.808403 0.798414
Doénen V. 0.621074  0.702890 0.800511 1 0.684417 0.735848 0.704939
Duran V. 0.718267  0.680792 0.796173 0.684417 1 0.809119 0.806597
K.\V.Y K. 0.723060  0.732409 0.808403 0.735848 0.809119 1 0.791471
U.V.Y K. 0.704283  0.696385 0.798414 0.704939 0.806597 0.791471 1
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COVID-19 Pandemisi Havayollarinin Filo Kullanimi Nasil Etkiledi,
Etkileyecek?
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Ozet

Kiiresel capta krize sebep olan COVID-19 viriisii havayolu kullanimini1 olumsuz sekilde etkilemistir. Havayollari,
sinirlarin kapatilmasiyla ugus yapamaz hale gelmistir. Kriz sebebiyle yolculuk talebi azalmis, ugus rotalar kisalmis, ugus
sikliklar1 azalmig, kullanilan ugaklarin ortalama agirliklar1 diilsmustiir. Havayollari diisen talep karsisinda kullanmadiklari
ucaklarint Avrupa’nin dort bir yaninda farkli havaalanlarina park etmislerdir. Her havayolu filo yonetimi konusunda bazi
kararlar almus, farkli tercihlerde bulunmuslardir. icinde bulundugumuz pandemi kosullar1 her havayolunu farkli diizeyde
etkiledigi diisiiniilmektedir. Eurocontrol verileri dogrultusunda havayollarinin filolarinin kullanimlarinin incelendigi bu
calismada, Avrupa hava sahasinda en yogun ugus trafigi yaratan ve en biiyiik filoya sahip 10 havayolunun filo kullanimlari
zaman serisi analizi yontemi kullanarak incelenmektedir. Calismada amag 6rneklem igerisine alinan havayollarinin filo
kullanimlarinin farkli zamanlarda nasil etkilendigini gozlemlemek ve bu gozlem dogrultusunda bahsedilen etkilerin
nedenleri dogrultusunda tahmin yapmaktir. Boylece havayollarmin filo yapilarini tekrar gézden gegirme olanagi
bulabilecekleri diigiiniilmektedir. Analiz neticesinde filo kullaniminda en biiyiik dalgalanmanin Vueling ve Easyjet’te,
diger havayollarina nispeten en az dalgalanmanin Tiirk Hava Yollar1 (THY) ve KLM’de oldugu g6zlemlenmistir. Ortaya
¢ikan sonuglar neticesinde havayollarima farkli 6neriler sunulmustur. Havayollar1 politik baglarin1 gézden gecirmeli,
hiikiimetlerle daha yakin iliskiler kurmalidirlar. Filo yapilarii gézden gegirecek havayollari yeni ugak sipariglerinde
ortaklik yapilarina uygun siparisler vermelidirler. Ugus aglariyla birlikte is modellerini degistirecek havayollar1 filo
yapilarini, bu yeni modele gore kurmalidir.
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How Has The Covid-19 Pandemic Affected Airline Fleet Utilization?

Abstract

The COVID-19 virus, which caused a global crisis, has negatively affected the use of airlines since the beginning of the
pandemic. Airlines have become unable to fly with the closure of borders. Due to the crisis, travel demand has decreased,
flight routes have shortened, flight frequencies have decreased, and the average weight of the aircraft used has decreased.
In the face of falling demand, airlines have parked their aircraft, which they do not use for supply, at different airports all
over Europe. Each airline has taken some decisions about fleet management and made different choices. It is thought that
airlines are affected differently due to quarantines and closures under the current pandemic conditions. In the study, which
examines the use of fleets of airlines between January 1, 2020 and June 26, 2021, in line with Eurocontrol data, the fleet
usages of 10 airlines that create the heaviest flight traffic in the European Airspace and have the largest fleet are examined
using the time series analysis method. The aim of the study is to observe how the fleet usage of the airlines included in
the sample is affected at different times and to make predictions in line with the reasons for the mentioned effects in line
with this observation. Thus, airlines will have the opportunity to reconsider their fleet structures. As a result of the
analysis, it was observed that the highest volatility in fleet usage was in Vueling and Easyjet, and the least volatility in
Turkish Airlines and KLM compared to other airlines. As a result of the results, different suggestions were presented to
the airlines. Airlines should review their political ties and establish closer relations with governments. Airlines that will
review their fleet structures should place orders in accordance with their partnership structure in new aircraft orders.
Airlines that will change their business models with their flight networks should establish their fleet structures according
to this new model.

Keywords: Airline Fleet Management, COVID-19, Pandemic, Time Series, Structrual Break

1. Giris

COVID-19 pandemisi tim diinyay1 etkisine ucaklari filolarinda tutarak dalgalanmalardan daha
almis, krizlere kars1 kirilgan yapida olan havayollart az etkilenmektedirler [2].
da biiyiik bir krizle karsi karsiya kalmigtir. Tim Adrienne, Budd, Ison’a gore havayollari
diinyada tilkeler ve havacilik otoriteleri, yasanan operasyonlarini, is giliclinii ve wugus aglarin
pandeminin etkisini anlayabilmek ve bu dogrultuda diizenlemenin yaninda filo yapilarimi da gbzden
koruma onlemleri gelistirmek admna sinirlarini gecirmislerdir. Havayollar1 bu siiregte filolariyla
kapatmaislar, havayollarina sadece kurtarma uguslari ilgili 3 farkli karar almaktadirlar [3]:
icin izin vermiglerdir. Bu donemde bayrak e Ugagin kalici sekilde filodan ¢ikarilmasi,
tagtyicilar ve devletlerden izin alan havayollart e Ugak sayisinin azaltilmast ve bu vyolla
vatandaslarint  kurtarma uguslart yapmuslardir. standardizasyon saglanmast,
Kurtarma uguslart ve diplomatik uguslar haricinde e Siparis edilen ugaklarin ertelenmesi ya da iptal
kalan tiim hava araglari tamamiyla havaalanlarina edilmesi.
park edilmis, uguslarin agiligina kadar herhangi bir Ik tercih olarak havayollar filolarnda kiralik
operasyon gergeklestirmemislerdir [1]. olarak bulunan ugaklar1 ya da sahibi olduklart

COVID-19  pandemisinden  dolay1  yolcu ucaklari filolarindan kalici olarak ¢ikarmaktadirlar.
trafiginin dalgalanmasi, park edilmis ugak sayisinin Filodan ¢ikarilan ugaklarin B747- B380- A340 gibi
degismesi  nedeniyle  havayollar1 filolarini operasyon maliyetleri oldukga yiiksek hava tasitlart
dizenleme kararlari almaktadirlar. Bu noktada oldugu gorilmektedir [4]. Filolarindan ¢ikardiklart
havayollan yiiksek operasyon ve bakim maliyetine ucaklart kargo tasiyicilarma satabildikleri gibi
sahip olan ugaklar filolarindan kaldirmayi tercih hurdaya da ayirabilmektedirler. Hurdaya ayrilan
etmektedirler.  Finansal  risklerden  dolay1 ugaklarin  kullamlabilecek, zarar  gbrmeyen
operasyonlarini ya durdurma karar1 almakta ya da elemanlari farkli bakim islerinde
iflaslarini - duyurmaktadirlar. Disik kapasite ile faydalanilmaktadir. Ugaklarin miilkiyetini elinde
¢alismayr géze alan havayollari ise disik bulunduran, farkli havayollarina miilkiyetindeki
operasyon maliyetine ve yiiksek verimlilige sahip ucaklari kiralayan havayollar1 da filoya geri donen,
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kira soOzlesmesi sonlandirilan ucgaklari bakima
almakta, ucaklarin yerde kaldiklar1 zamani bu
sekilde degerlendirmektedirler.

Ikinci tercih olarak havayollar1 ucak tipi sayisini
azaltarak ve filo standardizasyonu saglayarak bakim
maliyetlerini ve tip egitimi maliyetlerini diislirmeyi
amacglamaktadirlar. Filo atama problemlerinin
oniline gegmek i¢in filolarimi standart hale getirmeye
calisan havayollar1 filo karmalar1  gdzden
gecirmekte, bahsedilen hedefe ulagsmak igin ugak
sayisini da azaltmaktadirlar. Biitiin filo yatirimlarn
ve standardizasyon hamlelerinin pahali olmasi
havayollar: tarafindan goze alinmakta bdylelikle
elde edilen faydalar ile birlikte siirdiiriilebilir bir filo
yOnetimi saglanmaktadir.

Siparis edilen ugaklarin ertelenmesi ya da iptal
edilmesi de bir diger tercihtir. Havayollar1 2020 ve
2021 yilinda ellerinde olmasini istedikleri ucaklarin
sipariglerini  erteleme maliyetine  katlanarak
ertelemislerdir. Baz1 havayollar1 opsiyonlu olarak
satin aldig1 ucaklarin opsiyonunu iptal ederek
filolarinda gelecek yillara dair bir esneklik
saglamaktadirlar  [4]. Pandemi  doneminde
havayollar1 gelecek senelere dair senaryolari
gormek istemekte, buna gore filolarin1 esnek bir
yapida tutmak istemektedirler [2].

Filolarm1 esnek bir yapida tutmak isteyen
havayollarinin dalgalanan talep karsisinda filo
kullanim oranlarimi ve sekillerini etkileyecek bazi
bu bolim altinda incelenmistir.
Havayollarinin filo kullanim orani ve sekillerini
etkileyen COVID-19 pandemisi kosullarinin daha
iyl anlasilmasi adina park edilmis ucak sayilari,
operasyon ger¢eklesme orani, uzun mesafeli rotalar
ve sikliklari, uguslarin ortalama agirligt ve
mesafesi, ucak  dreticileri Avrupa
Havasahasi’ndaki paylari incelenmektedir.

Havacilik sektdriinde yasanan krizin daha iyi
gozlemlenmesi i¢in  Eurocontrol’den  alman
verilerle grafikler hazirlanmistir.  Sekil 1’de
Eurocontrol [1] verilerine gore Avrupa’da park
edilmis veya aktif olan ugak sayilar1 yer almaktadir.

2020 yilimin Haziran ayinda o6zellikle turizm
bolgelerine yapilan uguslarla park edilen ucak sayisi
azalmig (Sekil 1), ucaklarin tekrar aktif sekilde
kullanilmaya baslandigi goriilmektedir. Aradan
gecen siire zarfinda Eyliill ayindan itibaren Avrupa
ilkelerinin  gelen ikinci ve tgiinci dalgalar
sebebiyle kapanmaya gittigi bilinmektedir. Bu
sebeple hava trafigi tekrar askiya alindigi ve park
edilmis ucak sayisinda artiglar
goriilmektedir (Sekil 1) .
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== Park Edilmis Ugak Sayis1

Aktif Ugak Sayisi

Sekil 1. Eurocontrol Verilerine Gére Avrupa'da Park Edilmis Ugaklar Ile Aktif Olarak Kullanilan Ugaklarin
Sayilart [Kaynak: Yazarlar Tarafindan Olusturulmustur. ]

COVID-19 pandemisi ugaklarin operasyonu tam
zamaninda gergeklestirme performanslarina da etki
etmektedir. Oncesinde giinliik %1 veya %2’lik
tehirler yasanan Avrupa Havasahasi’nda 29 Mart

2020°de ilk kapanma sonucu %76’lik tehir

yasanarak giinliik planlanan uguslarin ancak %24’i
gerceklestirilebilmistir [5]. 2020 yaz aylarinda
%90’a c¢ikan gergeklesen sefer orani yine de
“normal” sayilarin ¢ok daha gerisinde kalmis, ikinci
ve Ugiincli dalga sebebiyle kapanmalar sirasinda
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dalgali bir sekilde %70 ve %90 arasinda
gergeklesmistir.  Sekil 2’de  planlanan ve
gerceklesen seferler grafik ile gosterilmektedir.
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Sekil 2. Avrupa Hava Sahasinda Planlanan Ve Gergeklesen Seferler [Kaynak: Yazarlar Tarafindan

Olusturulmustur.]

Planlanan ve gergeklesen sefer sayilarimin farkl
olmasi, havayollarini farkli sayida ugaklarin farkl
rotalar olarak  kullanmaya ittigi
diigiiniilmektedir. Ciinkii gecen siire igerisinde
trafigin diismesi ve talebin azalmasi neticesinde

Ozel

destinasyonlara diizenlenen sefer sayilar1 ve ugus
siklig1 da azalmistir.

Toplama (hub) noktast Avrupa’da olan uzun
mesafe uguslarda ugus sikligiin  distigi
goriilmektedir. Giinliik frekansin 6’dan fazla oldugu
destinasyon ¢ifti sayisi azalmigtir. Uzun mesafeli
uguslar i¢in aktarma noktast olarak kullanilan ve

kapasite  sorunlar1  ile  bilinen = Heatrow
Havalimani’mn  giinlik altidan fazla ugus
60°N ———
40°N / //\\\\\\
20°N b N

0 \
20°S
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Sekil 3. Uzun Mesafeli Rotalarin Frekans Gosterimi [6]

Avrupa’da en fazla uzun mesafeli ucus saglayan
havalimanlarinin giinliik ugus sayilarindaki diistis
Sekil 4’te verilmektedir. Sekilde havalimanlarinda
glinlik ugus sayisi 6’dan fazla olan hatlarin
gosterimi bulunmaktadir. Mavi renk Subat 2019°da
var olan hatlar1 temsil ederken, turuncu renk Subat

120°W

gercgeklestirilen rota sayist 2020 Subat ayinda 25
iken 2021 Subati’nda 7’ye diigmiistiir. Uzun mesafe
ucuslart Girlin yasam egrisinde varligimi siirdiirseler
de ucuk sikliklarinda biiyiik diistis gergeklesmistir
[6]. Sekil 3’de Eurocontrol’den saglanmis uzun
mesafe rotalarina ait frekans sayilarinin haritada
gosterimi bulunmaktadir. Turuncu rotalar giinliik 6-
12 arasindaki frekanslar, mor rotalar 12-16
arasindaki frekanslari, mavi rotalar 16’dan fazla
olan frekanslar ifade etmektedir. 2020 ve 2021
arasindaki farklara bakilarak mavi ve mor rota
sayilarinin azaldig1 ve turuncu renge biirlindiigii,
turuncu rotalarin da yok oldugu fark edilmektedir.

60°W 60°E 120°E

2021°de var olan hatlar temsil etmektedir. 2020 ve
2021 Subat aylarindaki turuncu ve mavi bar
farklarina  bakarak  Avrupa’nin uzun rota
ucuslarinda toplanma merkezi gorevi iistlenen
havaalanlarinin uzun mesafeli ugus sayilarinda

eksilme yasadig1 gozlemlenmektedir.
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Sekil 4. Giinliik 6'dan Fazla Frekansi Olan Hatlarin Gosterimi [Kaynak: Yazarlar Tarafindan

Olusturulmustur.]

Uzun mesafeli uguslarin azalmasimin yaninda
ucaklarin maksimum kalkis agirliginda (Maximum
Take- Off Weight- MTOW) ve uguslarda kat edilen
mesafelerde azalma gozlemlenmektedir [7]. Sekil
5¢de 2019 ve 2020 yillarinda gerceklestirilen
ucuslardaki ortalama agirliklar yer alirken, Sekil
6’da 2019 ve 2020 yillarinda gergeklestirilen
ucuslardaki ortalama mesafeler gosterilmektedir.

COVID-19 pandemisinin ilk donemlerinde
kargo tasimaciligi igin ihtiyag duyulan genis
govdeli ugaklarin kullanilmasiyla ortalama agirhigin
arttign gézlemlenmemektedir. Sonraki donemlerde
ortalama mesafenin de diismesiyle kiigiik ucaklarin
tercih edildigi diistiniilmektedir. Boylelikle MTOW
ortalamasi diismiistiir. Bunun sebebinin doluluk

120

=
o
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80
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Ortalama Mesafe

2019 Ortalama Agirlik

oranlarim artirarak birim maliyetlerin minimum
diizeyde tutma ihtiyaci oldugu disiiniilmektedir.
Sekil 6’da da kat edilen ortalama mesafelerin 2020
yilinda daha disik oldugu gbze carpmaktadir.
Ucaklarin agirligi icerisinde ugagin bos agirliginin
yani sira her operasyonda alman yolcu, yolcu
bagajlar1 ve kargo miktar1 da yer almaktadir ve
bahsedilen agirliklar ugustan ucusa degismektedir.
Yolcu talebinin az oldugu da diigliniiliirse sefer
basina diisen yolcu ve yolcu bagajinin da agirligin
azalmasinda payr oldugu diisiiniilebilir. Ayrica
ortalama mesafenin de azalmasiyla ucaga alinan
yakit miktar1 da diisecektir. Boylelikle ortalama
agirlik yine olumsuz sekilde etkilenecektir.

%
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2020 Ortalama Agirlik

Sekil 5. 2019 ve 2020 Yillarinda Gergeklestirilen Uguslardaki Ortalama Agirlik(TON) [Kaynak: Yazarlar

Tarafindan Olusturulmustur.]
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Sekil 6. 2019 ve 2020 Yillarinda Gergeklestirilen Uguslardaki Ortalama Mesafeler (KM) [7]

Farklilasan uzun mesafe rota tercihleri, ortalama ulasim tercihlerinin farklilagtigini isaret etmektedir.

mesafelerin  kisalmasi, ortalama agirliklarin Bu konuda Seckil 7’de Avrupa Havasahasi’ni
dalgalanmasi havayollarinin ve son kullanicinin

kullanan hava araglarinin iireticileri
ve lreticilerin sefer sayilarindaki paylarn yer

almaktadir [8].
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e AITDUS === Boeing Digerleri

Sekil 7. Ureticiler ve Sefer Sayilaridaki Paylar1 [Kaynak: Yazarlar Tarafindan Olusturulmustur.]

Sekil 7.’de goriildiigi lizere Avrupa’da pazar disiiniilmektedir.  Ayrica
pay1 olarak Boeing sirketini gerisinde olan Airbus
sirketi 2010°da rakibini yakaladigi ve 2020’lere
dogru aradaki farki acarak rekabette iistiin konuma kiigiik ucaklarla seyahat etmesi de diger iireticilerin
geldigi ancak COVID-19 pandemisinin pazar pay1 artisinda bir baska neden olarak
baglangicindan itibaren pazar payinda dalgalanma belirtilmektedir. Oyle ki, 2020’nin Nisan ve
yasadigi, bunun neticesinde de elde ettigi pazar Haziran aylar1 arasinda, S92 tipi Skorsky
payini kaybettigi goriilmektedir. Eurocontrol raporu helikopterler Airbus ve Boeing ugaklarinin
[8] COVID-19 pandemisinde uguslarda daha fazla kullanilmadig1 uguslarda en fazla kullanilan hava
Boeing ucaginin kullanilmasinin pazar payinim bu
hale gelmesine sebep oldugunu belirtmektedir.
Ancak Avrupa menseili havayollarinin politik

son kullanic1 olan
yolcularin da yiiksek kapasite ve yolcu yogunlugu
ile hizmet veren ugaklarda seyahat etmekten ziyade

tagiti olmustur. “Diger”” hava tagitlar arasinda ATR
ve Bombardier gibi bolgesel hava tasimaciliginda
daha cok tercih edilen, araglar da bulunmaktadir [8].

iligkiler sebebiyle filolarinda Avrupa merkezli bir Goriilmektedir ki; COVID-19 pandemisinin
ucak ireticisi olan Airbus ugaklarin1 daha fazla etkisi havayollarinin rota tercihlerini etkilemekte,
bulundurmasi, diisen trafik neticesinde en ¢ok park rotalarin mesafesi ile her seferde {irettikleri
edilen ugaklarin Airbus olmasina sebep oldugu agirhiklar  azaltmakta ve son kullanici olan
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yolcularin hava araci tercihleri degismektedir.
Bahsedilen bu unsurlar havayollarinin filo kullanim
oranlarinin, tercihlerinin ve yapilarinin degismesine
sebep olmustur.

Bahsedilen degisimlere sebep
havayollarinin agtiklar1 her yeni hattin ve hali
hazirda ugus yapilan diger hatlarin birer pazar
oldugu ifade edilmektedir [9]. Pazarda rakipleriyle
filo yapisiyla da miicadele eden havayollarinin filo
kullaniminin nasil etkilendigini tespit etmek ve
bundan sonraki siirecte nasil etkilenecegini
ongdrmek arastirmanin  konusunu ve amacint
olusturmaktadir.

olan

Bu amag dogrultusunda 6ncelikle havayollarinin
filo yapilarinin nasil
bahsedilmekte, filo nasil
gergeklestirildigi, filo  yOnetiminin  hangi
unsurlardan etkilendigi alanyazin taramasi ile
ortaya konmaktadir. Alanyazin taramasinin
ardindan aragtirma dogrultusunda Grneklem
icerisine  almacak havayollart  belirlenmistir.
Orneklemde yer alan havayollarinin filolar1 ve
kullanim oranlar1 Eurocontrol’den elde edilen
veriler ile incelenmistir. Havayollarinin filolarinimn
kullaniminin pandemi déneminde nasil etkilendigi
Zaman  Serisi- Yapisal Kirllma testi ile
belirlenmekte ve hangi tarihlerde filo kullanim
kararlarmnin
Aragtirma

olusturuldugundan
yOnetiminin

farklilastig arastirtlmaktadir.

sonucunda sonuglar tartisilmis ve

gelecege yonelik onerilerde bulunulmustur.

2. Havayollari Filo Yonetimi

Havayollar1 i modelleri  dogrultusunda,
operasyon yetenekleri kapasiteleri seviyesinde
iicretlendirme ve ag dizaym {izerinde yatirim
yapmaktadirlar. Bu degiskenlere gore farklilik
gosteren bir yapt da filodur [10]. Havayollart
filolarina talebe gore esneklik saglamasi adina
yatirim yapmakta, ucak alim ve kiralamalarinda
0zel yontemler kullanmaktadirlar. Ugak alimi iki
asamada gerceklesmektedir. ilk asamada amaca

yonelik aliabilecek ucaklarm modeller
listelenirken, ikinci asamada havaalani
karakteristigi ve talep biiyiikliigiine gére yonetimsel
kararlar  verilmektedir [11]. Filo yapisinin
olugsmasinda alinan yonetimsel kararlar

havayolunun diger havayollart ile rekabetinde 6nem
tasimaktadir. Rekabet¢i  sekilde  kapasitesini

stirdiriilebilir  kilmak, karliligin1 artrmak ve

maliyetleri kismak adina filolarin1 diizenleyen
havayollar1 igin sektor girisine en biiyilk engel
yiiksek baglangi¢ sermayesidir. Bu sebeple ugaklara
yapilan bilyiik yatirimlardan elde edilecek kiigiik
tasarruflar gormezden gelinmemektedir [12].
Uygun ucak se¢imi havayolunun stratejik yapisi
icin onem tagimaktadir. Stratejik yapi ile verilen
hizmet, havayolunun ag yapisi, rotalarin bulundugu
cografi kosullar ve ucus yapilan {ilkelerin sagladigi
kolayliklar filo yapisina etki etmektedir [13].
Havayollar1 cografi avantajimi  orta mesafeli
ucuslarda dar govdeli ucaklari kullanarak
saglamaktadir [14]. Baz1 Asya iilkelerinde 80'den az
koltuk kapasitesine sahip tasitlar ya da 21 tondan
hafif tagitlar i¢in konma bedeli alinmamaktadir [12].
Verilen hizmet dogrultusunda farklilasan ugak
secimleri ve tipleri farkli avantajlar ve dezavantajlar
yaratmaktadir. Farkli havayollarinin farkli hizmet
kalitesi sunmasi sebebiyle ugaklardaki koltuklarin
sayilar1 degismektedir [15]. Ornegin 737-800 model
Boeing ugagi diisiik maliyetli tasiyicilar (DMT) igin
189 koltuk tasirken geleneksel bir havayolu i¢in 151

koltuk  tasimaktadir [14]. Verilen  hizmet
kapsaminda farkli rotalarda farkli biiytikliikte
ucaklar1  kullanan havayollar1 i¢in  ugagin

biiyiikliigii, yolcu sayisinin artmasi i¢in bir degisken
oldugu ifade edilmektedir [16]. Ugak i¢indeki
koltuk araliklarinin degismesinin yaninda ugak
de koltuk kapasitesini
etkilemektedir. Ugak boyutunun biiyiimesi koltuk

boyutunun  bilylimesi

kapasitesini artirmakta, bu yolla havayollart 6lgek
ekonomisi yaratmakta bu sebeple daha disiik
maliyetleri saglayabilmektedir [17]. Daha biiyiik
ucak daha fazla arz edilen koltuk kilometre (AKK)
iiretebilmektedir [18].

Ucak biiyiikliiklerinin etkiledigi bir diger
degisken ugus frekansidir. Uzun mesafe uguslarinda
ucus sikhiginin azaldigi ve ucak biiyiikliigiiniin de
arttigi  gozlemlenmektedir [19-21]. Wang ve
digerleri [21] biliyiiyen pazarlarda, pazari ugak
boyutunun biiylimesinden ziyade ugus sikliginin
artmasinin ~ daha  fazla  etkiledigini  ifade
etmektedirler.

Saglikli bir filo yonetimi satis gelirlerini artirdigi
gibi maliyeti de kontrol altinda tutulmalidir.
Havayollar1 basarili bir filo yonetimi ile birlikte
rekabet
diisirmekte
almaktadir

yakalamakta;
operasyonda

[2].

avantaji maliyetlerini
verim

icin

optimum

Maliyetlerini  diislirmek
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havayollar1 filo karmasinimm uyumuna dikkat
etmektedirler. Filodaki ugaklarin ayni olmasi veya
ayn1 aileden olmasi ugak bakim ve tip egitim
maliyetlerini azaltmaktadir [15]. Benzer ug¢aklarin
bakimi ic¢in ayni teghizatlar saglanmakta, ayni
prosediirler izlenmekte ve mevcut personel ayni tip
icin daha iyi uzmanlagsmaktadir [22,23].
Havayollarinin icra ettigi i modelleri de bu sebeple
filo yapilarinit etkilemektedir. DMT genellikle filo
yapilarini homojen yapida kurmaktadirlar. Bunun
sebebi filodaki farkli tip, aile ve hatta {ireticiden
alman ucgak sayisi arttikca birim maliyet de
artmasidir. Bakim maliyeti, yonetim ve emniyet
sistemi maliyeti, yedek parca ve tedarik bulundurma
maliyeti, tip egitimi sebebiyle personel maliyeti
birim maliyetin artmasina sebep olurken tiim bu
unsurlar alim giiciinii de etkilemektedir. Homojen
filo yapis1 ayn1 zamanda havayolunun ugak iireticisi
olan pazarlik giicline de etki etmektedir [23].

Filo yapilarin1 akiler bir yolla kurmak isteyen
havayollarinin yeni ug¢ak alimlarinda dikkat ettigi
bir diger husus ugagin verimli yapida olmasidir
[23]. Ozellikle girdi-gikti orammna dikkat eden
havayollar1 operasyonlar i¢in minimum maliyet,
fayda odakl caligmaktadir.
Operasyonlarda personelden sonra en biiyiik gider

maksimum

kalemini yakitin olusturmasi, yeni alimlarda yakit
tasarrufu saglayan yeni nesil ucaklarin tercih
edilmesine yol agmaktadir. Airbus’in A320'lere
yerlestirdigi kdpek baligi yiizgecini andirdigt icin
“sharklet” olarak isimlendirilen kanat ucu aygitlar
sayesinde %4'liik yakit tasarrufu saglanirken,
ucagin ugus mesafesini de artirmaktadir. Yeni nesil
ucaklar kadar filoda geng¢ ucaklarin bulunmast,
ucaklarin biytkligi de verimliligi etkilemektedir
[15]. Havayollar1 doniisiim siirecinde edindigi geng
filo ile yakit tasarrufu avantaji saglamaktadir [14].
Son donemde ortaya c¢ikan ekolojik caligmalar
kapsaminda hava araglarin yakit tasarrufu, karbon
salinmmi ve giriiltii hakkinda iireticilerin dikkat
etmesi gereken faktorler ortaya konmustur [24, 25].

Bahsedilen filo yapisi, yonetimi ve 6zelliklerinin
en dogru tercihlerle saglanmasi adina pandemi
Oncesi doneme ait pek ¢ok ¢alisma bulunmaktadir
[2, 13, 26-34]. Calismalar boyunca oOne ¢ikan
kriterler maliyet, teknik 6zellikler, yolcu konforu ve
cevresel etkilerdir. Havayollar1 pandemiden 6nce
bilinen kurallarla filo yapilarim1 kurarken ve
yonetirken pandemi déneminde hem filo kullanim

yontemleri  farklilagmakta, yeni prosediirler
olusturulmakta hem de havayolu seyahatinin
degismesiyle havayollarinin ugak fireticilerinden
talebi degismektedir. Kiraci ve Akkan [2] Onceki
calismalarda ele alinan, maliyet, verimli teknik
ozellikler ve gevresel etkilere ek olarak COVID-19
pandemi kosullarina dikkat ederek pazar yapisina
uygun olarak filo yonetiminin siirdiiriilebilir olmas1
gerektigini belirtmektedir.

Bu kisimda filo yonetimine dair alanyazin
incelenmis, filo yapisinin nasil olusturuldugu ve
hangi sireclere dikkat edildigi alanyazindaki
caligmalara deginilerek aktarilmistir. Bundan
sonraki ~ bolimde  arastirma  yonteminden
bahsedilerek arastirmanin modeli ele alinmaktadir.

3. Arastirmanin Yontemi

Havayollarinin farkli filo yapilarina sahip
olmasi, pandemide ¢cogu havayolunun filosunu tam
kapasite ve tam kullanimda degerlendirememesi
havayollarinin  filo ydnetiminde farkliliklarin
sebep olmaktadir. Avrupa hava
sahasima dahil olan farkl tlkelerin farkli iilkelere
olan smirlamalar1 ve bazi aylarda uyguladigi

yasanmasina

karantina uygulamalar ayrica o iilkelere ucus yapan
havayollarim1  da  etkilemektedir. Bahsedilen
sinirlamalar  ve karantina uygulamalarin filo
yonetimi konusunda problemlerin ortaya ¢ikmasina
sebep olmaktadir.

Filo yonetimindeki degisimi gdrmek amaciyla,
elde ikincil  veriler
yardimiyla nicel bir arastirmanin gergeklestirildigi

Eurocontrol’den edilen

bu calismada veri setinin yapisina uygun olarak
ekonometrik ~ zaman  serileri  analizlerinden
yararlanilmistir.

3.1. Arastirmanin Amaci ve Kapsami

Calismanin ~ amaci  havayollarinin  filo
kullanimlarimin ~ sinirlamalar ~ ve  karantina
uygulamalariyla  birlikte  nasil  etkiledigini

gozlemlemek ve bu etki dogrultusunda havayollari
filo yapilariin nasil sekillenecegi konusunda
ongoriilerde ve Onerilerde bulunmaktir.

Bu amagla Orneklem igerisine Eurocontrol
verilerine gore Avrupa Havasahasi’nda en fazla
trafik yaratan ve en biiyiik filoya sahip 10 havayolu
secilmis, 1 Ocak 2020 ve 26 Haziran 2021 tarihleri
arasindaki filo kullanim oranlar1 aragtirilmistir.
Orneklem igerisinde bes geleneksel havayolu, bes

199



"M I/e-ISSN:2587-1676

5 (2): 192-209 (2021)

DMT havayolu yer almakta, havayollarinin isimleri
filodaki ugak sayilar1 aktarilmaktadir.
Havayollarmin ucak sayilar1 kendi web sitelerinden

Ve

teyit edilerek alinmistir [35-44] (Son erisim tarihi
20.08.2021).

Tablo 1. Orneklem igerisinde yer alan havayollar1 [Kaynak: Yazarlar Tarafindan Olusturulmustur]

Havayolu Havayolunun Tiirii Filosundaki Ucak Sayisi
Lufthansa Geleneksel 405
THY Geleneksel 341
British Airways Geleneksel 249
Air France Geleneksel 317
KLM Geleneksel 160
Pegasus DTM 95
Easyjet DTM 342
Ryan Air DTM 479
Vueling DTM 113
WizzAir DTM 137

3.2. Arastirmanin Modeli

Ekonomik krizler, politik degisimleri, salginlar

ve dogal afetler gibi anlik soklar nedeniyle bir
zaman serisinin ortalamasi, trendi ya da her iki
bileseni  birden degisebilir. Zaman  serisi
analizlerinde  kullanilan  degiskenler, zaman
icerisinde degisimlere ugrayabileceginden yapisal
kirtlmalar meydana gelebilmektedir. Yapisal
kirilmalarin veya degisim noktalarimin bulunmasi
siireci esasinda kalite kontrole dayanmakta olup
zaman icerisinde ekonomi, finans, klimatoloji ve
miihendislik alanlarinda da kullanim yeri bulmustur
[45].
Bai Perron (BP) yaklasimi, serinin duraganlig ile
ilgili herhangi bir hipotezi test etmedigi i¢in temelde
bir birim kok testi degildir. Dogrusal modelde,
birkag farkli test stratejisi ile anlamli yapisal
kirilmalart bularak iliskiyi rejimlere ayiran BP
yaklasimi m kirilmali (m+1 rejimli) asagida verilen
coklu dogrusal regresyon modelini ele almaktadir:

Ve = xiff + z(6; + uy, t=Ti_1+
LT j=1-m+1 (1)
vy, bagimh degisken, x; (p X 1) boyutlu ve

z; (g X 1) boyutlu bagimsiz degiskenler vektorii;
B ve §; (j =1,--,m+ 1) katsayilar vektorii olup
u, ise hata terimini ifade etmektedir. T, =
0 veTy,41 =T olmak tizere Ty,--+, T,, bilinmeyen
kirilma zamanlarini gostermektedir. BP
yaklagiminin temel amaci T gdzlemli veri setini
kullanarak bilinmeyen regresyon katsayilarini ve
kirtlma tarihlerini birlikte tahmin etmektir [46, 47].
BP yaklasiminda, Es. 1°deki modelin hata kareler
toplamim1 minimum yapan katsayilar ve kirilma
tarihleri ve boylece de rejimler dinamik
programlamaya dayali bir algoritmadir. Bai ve
Tablo 2. Tanimlayicr istatistikler

Perron yapisal kirilma analizleri i¢in farkli test
stratejileri gelistirmislerdir:
e Global L kirilmanin testi (SupF testi)
e  ikili maksimum testler (UD;,q, V€ W Dypgx)
e Ardisik Bai-Perron testi (SupF(l|l+ 1)
testi)
e Bilgi kriterine dayali kirilma analizi

Bu calismada yapisal kirilma tarihlerini igsel
olarak belirleyen BP yonteminden yararlanmanin,
pandemi doneminde olusan yapisal degisimleri
daha net bir bigimde ortaya koymasi agisindan
yerinde olacagi disiintilmiigtir. BP yontemi g
nedenden 6tiirii tercih edilmistir. /lk olarak yontem
bir seride birden ¢ok yapisal kirilmay1 ayni anda ele
alabilmektedir. Jkinci olarak yontem potansiyel
yapisal kirilma noktalarmin bilinmedigini varsayar
ve bu tarihleri i¢sel olarak belirler. Son olarak ise
BP yontemi, kiiciik orneklemler i¢cin de uygun
sonuglar vermektedir [46, 48].

4. Bulgular

Tablo 2.’de 01/01/2020- 26/06/2021 tarihleri
arasinda ele alinan havayolu sirketlerinin giinliik

aktif ugak sayilarma iliskin  tammmlayici
istatistiklerine yer verilmistir ve sayilardaki
dalgalanmanin bir gostergesi olarak degisim

katsayis1 hesaplanmistir. Buna gore ilgili donem
igerisinde en biiyliik dalgalanmanin “Easylet” ve
“Vueling” sirketlerinde oldugu goriilmektedir. Ez
az dalgalanmanin gorildigi sirketler ise “KLM” ve
ardindan ise “THY” gelmektedir.
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Havayolu Ortalama Medyan Maksimum Minimum Standart Degisim

Sapma Katsayisi
Air France 135.1160  145.0000 215.0000  20.00000 50.25664 0.37195
British Airways 97.44751  88.00000 192.0000  38.00000 40.56197 0.41624
EasyJet 149.1031  134.0000 325.0000  0.000000 99.88089 0.66988
KLM 105.7532  109.0000 131.0000  51.00000 17.17304 0.16239
Lufthansa 135.7477  130.0000 274.0000  37.00000 60.71408 0.44726
Pegasus 56.29834  64.00000 83.00000  0.000000 23.56860 0.41864
Ryan Air 322.6851  399.0000 465.0000  34.00000 140.4197 0.43516
THY 182.1584  194.0000 247.0000  25.00000 59.01608 0.32398
Vueling 61.45672  57.00000 119.0000  11.00000 28.25963 0.45983
WizzAir 83.27808  84.00000 129.0000  13.00000 32.65098 0.39207

Ele alinan doneme iliskin havayolu sirketlerinin
aktif ucak sayilarinda yapisal kirilma olup olmadigi
ve varsa tarihleri BP analizi yardimiyla incelenmis
olup elde edilen kirilma tarihleri ile kirilmanin
yonii Tablo 3.‘de verilmektedir. Ele alinan on
sirketin altisinin 22 Mart 2020°de asag1 yonlii bir
kirilma yagadig1 goriilmektedir. Diger dort sirketin
ise birka¢ giin i¢inde yine agag1 yonlii bir kirilma
yasadiklar1t gozlenmistir. 2020 Haziran ayinin
ikinci yarisi ile Temmuz ayinin ilk yaris1 arasinda
sirketlerin aktif ugak sayilarinin bu defa yukari
yonlii bir kirllma yasayarak toparlandiklar
goriilmektedir. Tim sirketlerde goriilen bu
toparlanma daha sonra ilk olarak Eyliil 2020’de
THY de yasanan ikinci bir agagi yonlii kirilma ile
bozulmustur. THY den sonra sirasiyla WizzAir ile
Vueling sirketlerinde de Ekim 2020’de asag1 yonlii
kirilmalar meydana gelmistir. Air France, EasylJet,
Lufthansa, Ryan Air, THY, Vueling ve WizzAir
havayollarinin ele alinan donemin sonunda yukari
yonli bir kirtlma ile toparlanma siirecine girdikleri
goriilmektedir. Ote yandan siirec icerisinde en ¢ok
dalgalanmanin yasandigi sirketler Ryan Air ve
WizzAir iken en az kirilmanin yasandigi sirketler
ise KLM ve Pegasus olmustur.

BP ile elde edilen kirilma tarihlerine bagh
olarak olusan donemlerin ortalama ugak sayilar
hesaplanmig ve asagida yer alan Tablo 4.’de

sunulmustur. Ozellikle Mart 2020°de yasanan
kirilmalarda ugak sayilarindaki keskin diisiisler
tabloda goze carpmaktadir. Tabloda dikkat ¢ceken
sonuglardan biri, ilk ve son donem ortalamalari
dikkate alindiginda, sadece Pegasus’un aktif ugak
sayisint donem sonu itibariyle arttirdigi, buna
karsilik digerlerinin ilk donem ortalamasina heniiz
ulagsmadiklaridir. THY, ve KLM ise son donem
ortalamalari itibariyle ilk doneme yakin olan diger
sirketlerdir. Buna kargin British Airways ve
Easylet ilk ve son donem ortalamalar1 arasinda
farkin gorece yliksek oldugu sirketlerdir. Bir bagka
dikkat c¢eken sonuc¢ ise Easylet’in yasadigi
dalgalanmadir ki bu yukarida verilen tanimlayict
istatistikler tablosunda yer alan degisim katsayisi
bulgusuyla da uyusmaktadir. Ayrica kirilma
donemlerinde aktif ugak sayisi en diisiik seviyeye
(5.8621) gelen sirket Pegasus iken Easylet
(10.2789) ise ikinci sirada gelmektedir.

01/01/2020-26/06/2021 donemi giinliik aktif
ucak sayilarina dair zaman yolu grafikleri dikkate
almdiginda tiim sirketlerin beklenildigi iizere
cogunlukla benzer doénemlerde kirilma yasadigi
goriilmektedir. Aktif ucak sayilarinin
duraganlastigi havayolu sirketleri grafiklerden
ayrica goriilebilmektedir. Ozellikle Pegasus ve Air
France bu agidan diger havayolu sirketlerinden
ayrilmaktadir.
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Tablo 3. Aktif ucak sayilarinda goriilen yapisal kirilma tarihleri ve kirilma yonleri

Havayolu Kirilma zamam Kirilma yonii Havayolu Kirllma zamam Kirllma yonii
22/03/2020 l 22/03/2020 i}
. 26/06/2020 1 17/06/2020 i
Alr France 01/11/2020 ! Pegasus 29/10/2020 !
21/01/2021 1
25/03/2020 ! 23/03/2020 1
01/07/2020 T 28/06/2020 1
British Airways 06/11/2020 l Ryan Air 27/10/2020 l
27/01/2021 l 16/01/2021 1
07/04/2021 1
22/03/2020 l 24/03/2020 1
04/07/2020 T 13/06/2020 1
EasyJet 02/11/2020 ! TTHY 11/09/2020 I
07/04/2021 1 05/04/2021 1
27/03/2020 ! 22/03/2020 1
22/06/2020 1 . 07/07/2020 i
KLM 30/10/2020 ! Vueling 18/10/2020 !
07/04/2021 1
22/03/2020 ! 22/03/2020 1
23/06/2020 1 17/06/2020 1
Lufthansa 07/11/2020 ! WizzAir 09/10/2020 1
26/03/2021 1 11/01/2021 !
02/04/2021 1
Tablo 4. Yapisal kirilma tarihlerine bagh olarak olusan dénemlerin aktif u¢ak sayilarinin ortalamalari
Havayolu Donemler Ortalama Havayolu Donemler Ortalama
01/01/2020 — 21/03/2020 200.6296 01/01/2020 — 21/03/2020 57.6667
22/03/2020 — 25/06/2020 43.0313 22/03/2020 — 16/06/2020 5.8621
Air France 26/06/2020 — 31/10/2020 153.6484 Pegasus 17/06/2020 — 28/10/2020 72.7313
01/11/2020 — 20/01/2021 129.5185 29/10/2020 — 26/06/2021 64.9087
21/01/2021 — 26/06/2021 145.4013
01/01/2020 — 24/03/2020 171.6310 01/01/2020 — 22/03/2020 403.4390
25/03/2020 — 30/06/2020 55.8776 23/03/2020 — 27/06/2020 66.3196
L. . 01/07/2020 — 05/11/2020 119.5625 . 28/06/2020 — 26/10/2020 445.7025
British Airways 06/11/2020 — 26/01/2021 82.7683 Ryan Air 27/10/2020 — 15/01/2021 401.9012
27/01/2021 — 26/06/2021 72.3841 16/01/2021 — 06/04/2021 243.0617
07/04/2021 — 26/06/2021 364.5802
01/01/2020 — 21/03/2020 311.8889 01/01/2020 — 23/03/2020 224.2651
22/03/2020 — 03/07/2020 10.2789 24/03/2020 — 12/06/2020 55.5679
EasyJet 04/07/2020 — 01/11/2020 199.9091 THY 13/06/2020 — 10/09/2020 220.8000
02/11/2020 — 06/04/2021 105.7756 11/09/2020 — 04/04/2021 183.0388
07/04/2021 — 26/06/2021 172.1111 05/04/2021 — 26/06/2021 219.5060
01/01/2020 — 26/03/2020 118.5349 01/01/2020 — 21/03/2020 105.9753
27/03/2020 — 21/06/2020 73.5977 22/03/2020 — 06/07/2020 22.0094
KLM 22/06/2020 — 29/10/2020 120.0077 Vueling 07/07/2020 — 17/10/2020 74.8544
30/10/2020 — 26/06/2021 105.1083 18/10/2020 — 06/04/2021 51.8304
07/04/2021 — 26/06/2021 72.3333
01/01/2020 — 21/03/2020 2535185 01/01/2020 — 21/03/2020 112.8889
22/03/2020 — 22/06/2020 53.8925 22/03/2020 — 16/06/2020 27.6207
23/06/2020 — 06/11/2020 132.0365 . . 17/06/2020 — 08/10/2020 117.5088
Lufthansa 07/11/2020 — 25/03/2021 111.0144 WizzAir 09/10/2020 — 10/01/2021 79.5426
26/03/2021 — 26/06/2021 157.4624 11/01/2021 — 01/04/2021 65.5185
02/04/2021 — 26/06/2021 87.1279

5. SONUC VE TARTISMA

Arastirma neticesinde elde edilen bulgular
incelendiginde en biiyiik dalgalanmanin Vueling ve
Easyjet’te  oldugu  goriilmektedir. Her iki
havayolunun da ilintili oldugu dalgalanma
durumlan sahiplik durumlar1 ve ortaklikliklariyla
alakalhidir. Vueling International Airlines Group’a
ait bir havayolu olarak bu grubun filo ve arz

kararlarinin ~ karmasas1  sebebiyle seferlerinde

istikrar saglayamamustir. Easyjet’in ise Ingiltere
merkezli olmasi, Ingiltere’nin yiiksek kisitlama
kriterlerine sahip olmasi ve merkezden gevreye
talebin azalmasi bahsedilen dalgalanma sebepleri
arasindadir.

Ryan Air Wizz Air'in  yasadigi
dalgalanmalar i¢in birka¢ sebep bulunmaktadir.

Bahsedilen havayollarinin is modellerinin geregi

veE
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olarak noktadan noktaya ugus yapmalari, buna bagl
olarak farkli destinasyonlarda talebin dalgalanmasi
ve farkli iilkelerin birbirlerine olan sinirlarini
kapatmalar1 belirtilen sebeplerdir. KLM ve THY
icin dalgalanmalarin az olmasi filo ve ag yapisi ile
ilintilidir. KLM’in farkli tipte ugaklar1 filosunda
bulundurmasi, farkli destinasyonlara verimli bir
sekilde ucus yapmasina yardimct olmaktadir. THY
ise cografi avantaji sayesinde ii¢ kitada farkl
noktalara filosunda bulundurdugu farkli tipte
ucaklarla ugus yapabilmektedir. Ozellikle THY
pandemiden dnce de ucus siklig1 bakimindan degil
ucus aginin genisligi bakimindan 6ncii bir havayolu
olarak one ¢ikmaktadir.

Pegasus’un en diisiik ortalamaya sahip olmasi
Pegasus’un diger havayollarindan daha az ucaga

sahip olmasindan kaynaklanmaktadir.
Havayollarmin  filolarinda  benzer tarihlerde
kirilmalar ~ gézlemlenmektedir. Bunun sebebi

Avrupa’da yaganan pandeminin farkli zamanlardaki
dalgalaridir. Ozellikle sonbahar aylarinda baslayan
karantina uygulamalarnt vaka sayilar1 disiis
gosterdikten sonra yumusatilmakta, dini ve milli
bayram zamanlarinda karantina
sertlestirilmektedir. Havalarin 1sinmasiyla vaka
sayilar1 diisiise gegmekte Haziran- Temmuz’dan

uygulamalari

itibaren havayollarinin trafigi tekrar artmaktadir.
Elde edilen bulgulara bagl olarak bu ¢alismada

ulagilan sonuglar asagidaki sekilde
maddelendirilebilmektedir:

1. Havayollarinin filo kullanimint
havayolunun merkezinin bulundugu iilkenin

kapanma politikalar1 etkilemektedir.
2. Havayollan ortaklik igerisine bulundugu

grubun filo yapisi kararlarindan etkilenmektedir.

filo

havayolunun sahip oldugu ugus agi ve filo yapisinda

3. Havayollarimin kullanimini
bulunan ugak tipleri etkilemektedir.

4. Havayollarn kendi iilkelerinde esnek bir
da
destinasyonun farkli sebeplerden kisitlanmig olmasi
havayolu filo kullanimin1 etkilemektedir.

Belirtilen sonuglar incelendiginde
havayollarinin mensei olduklari tilkenin politikalari

ucus iznine sahip olsalar ucacaklari

ile uyumlu sekilde c¢alismasi gerektigi One
cikmaktadir. Pandemi siirecinde hiikiimetlerin
havayollarina  verdigi  destekler ne kadar

havayollarinin politika ile baglarim giiclendirse de
bu durumun gecici oldugu disiiniilmektedir.

Havayollarmin verimlilik, yenilik, hizmet kalitesi
baglaminda diisiik maliyetli tasiyicilarla rekabet
saglayabilmesi liberal diizende olmasi miimkiin
goriinmektedir. Piyasanin deregiilasyon oOncesi
déneme dénmesinin rekabeti azaltacagi
diisiiniilmektedir [4]. Yeni varyantlarin ortaya
cikmasi, pandemi kosullarinin uzamasi trafigin
tekrar eski haline gelmesine engel olacagi igin
havayollarinin sahiplik ve ortaklik durumlarinin

degisecegi, hiikiimetlerin  ortakliklara  dahil
olabilecegi diisiiniilmelidir.
Havayollar1 filolarim1 ag yapilart ile birlikte

degistirmelidirler. Ozellikle Sekil 3’de ve 6’da
rotalarin  kisalmast ve degismesi goz Oniinde
bulundurularak havayollarinin bazi hatlar icin is
modellerini tekrar tasarlamalar1 gerekmektedir. Ag
yapisint biiylik toplanma merkezlerine yonelik
kuran geleneksel havayollar1 ugus sikliklarinin da
diismesiyle uzun mesafe uguslarinin is modelini
noktadan noktaya uzun mesafe ucgusu olarak
giincellemelidir. Eurocontrol’lin ¢ok genis govdeli
hava araci kategorisine aldig1 A380, A747, A340
gibi  ucaklarin  havayollarinin  filolarindan
cikarilmast bu ugaklar yerine Boeing 787-9 ve
Airbus A350 ULR ucaklarin filolara girmesi
bahsedilen is modelini destekleyebilmektedir. AKK
basma yakit maliyetinin gorece diismesi, ugulan
mesafenin uzamas1 B787-9 ve A350 ULR'nin ¢ok
uzun mesafe uguslart i¢in en uygun araglar
oldugunu gostermektedir [18].

Havayollar1 karantina siiregleri ve destinasyon
yonetimi kapsaminda kisitlamalara karsi filolarini
esnek yapida tutmalidirlar. Dalgalanan seyahat
talebi, belirsizlik havayollarim esnek bir filo
sahipligine zorlamaktadir. Havayollarinin en biiyiik
sermaye ihtiyact ucak sahipliginde ortaya
cikmaktadir [34], bu sebeple ugaklarin miilkiyeti iyi
birer filo yapisi ile belirlenmelidir. Bahsedilen yap1
konusunda Boeing’in raporu havayollarinin bakig
acisini ortaya koymaktadir [24]. Rapora gore
havayollarinin ucak kiralamalari son yillarda
giderek yiikselmekte, ucagin satin alinmasindan
ziyade kiralanmas1 daha ¢ok tercih edilir hale
gelmektedir.

Havayollar1 filo
diizenlemek adina bir firsat olarak goérmelidirler.
Verilecek yeni ucak sipariglerinde operasyon

pandemiyi yapilarim

maliyetleri g6z dniine alinmali, filo yapis1 kararlar
bahsedilen maliyetlere gore verilmelidir [49]. Ayni
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ortaklik grubunda yer alan havayollariin birbirine
aktardig1r ucuslar g6z Oniine alinmali, grup icgin
verilecek ucak siparisleri ortaklikta yer alan tiim
havayollar1 i¢in fayda saglamalidir. Ayn1 zamanda
Sekil 5’de belirtilen, pandeminin ilk doneminde
havayollarinin kargo tasimaciligt yapmasi1 da is
modellerinin ~ doniistiiriilmesi  kapsaminda ele
almmalidir. Bu sebeple havayollari, yeni ugak
aliminda yolcu ucaklarinda kargo
tastyabileceklerini de dikkate almalidir. Bu noktada
ucak ireticileri de yolcu ugaklarinin kargo
tagtyabilecek esnek yapida olmalar1 icin farkl
tasarimlara yonelmelidirler.

Son olarak, havayollarmin ugak alimlarinda
hiikiimetlerle  birlikte c¢alistig1  bilinmektedir.
Siklikla havayolu filolarinin operasyonel veya
ekonomik sebeplerle degil politik sebeplerle de
sekillendigi goriilmektedir [25]. Bu sebeple farklt
havayolu gruplarinin ve stratejik ortakliklarinin,
hiikiimetlerle hem pandemi kurallari- kisitlamalari
hem de ugak alim kararlar1 konularinda siki iletisim
ve is birligi i¢inde olmasi 6nerilmektedir.
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Abstract

The goal of this research is to uncover the financial factors that influence airline dividend payment policies. The panel
data analysis method was used to analyze the financial data of 16 airlines from 2009 to 2018. In the study, the dividend
payout of the airlines was used as the dependent variable. The independent variables of the study were determined as firm
size, leverage ratio, tangible fixed assets, profitability level, market value, liquidity ratio, and corporate cash availability.
The findings of the study reveal that in the airline industry, there is a strong link between corporate cash holdings and
dividend payments. According to the findings, increased corporate cash availability results in a significant increase in

dividend payments.

Keywords: Dividend payout policy, Airline industry, Panel data analysis, Financial determinants

1. Introduction

Dividend Payout policy is one of the most
important issues in corporate finance and has an
impact on various stakeholders such as managers
and lenders. Studies on dividend payout policy
focus on two critical issues. The first is about
whether the dividend payout policy affects the value
of the firm. The second is about the factors that
determine the dividend payout policy [1]. The
widespread belief that there is a positive
relationship between dividend payout and firm
value was reversed by the “Irrelevance Theory” put
forward by Miller and Modigliani [2]. According to
the Irrelevance Theory, in a perfectly competitive
market, profit does not affect company value. In
perfect capital market conditions, no transaction
costs, no bankruptcy costs, rational investors, no

taxes, no asymmetric information among investors,
Corresponding Author: Kasim Kiraci

kasim.kiraci@iste.edu.tr

and the availability of investment opportunities
allow dividend payout to not affect company value
[3]. Therefore, the value of the company is possible
by investing the accumulated earnings of the
company in projects with higher returns [4].
Companies can use the income they earn to buy
assets for their operations. It can invest in the stock
market or securities. In addition, it can be
distributed to the shareholders to pay off their debts
or in the form of cash dividends. Certain issues
become important if the company decides to
distribute its income to its shareholders.
Determining the rate at which the after-tax income
will be distributed to the shareholders is related to
whether the distribution will be transferred to the
shareholders as a cash dividend or by repurchasing
some shares, and how stable the distribution should
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be [5]. Despite many academic studies, uncertainty
about the dividend payout policy continues.
However, academic studies on dividend payout
policy reveal theories such as irrelevance theory [2],
signaling theory [6], bird in the hand theory [7],
agency cost theory [8], [9], and tax clientele [10]
caused it [11]. These theories have allowed a
multifaceted study of dividend policy and firm
behavior in the finance literature.

Dividend payout policy is related to companies
and plays an important role in the financial
decisions of the company. Therefore, it is extremely
important to examine the factors that encourage
managers to make dividend decisions [11]. In this
study, we focused on the factors that determine
dividend payout policy in the airline industry.
Although there is immense literature on dividend
payout policy in the literature, there is a limited
number of studies examining this issue in the
aviation industry. In addition, how dividend policy
works in the aviation industry and revealing the
determinants of dividend policy is vital for
investors. Therefore, we expect this study to
contribute to the literature in terms of revealing the
dividend payout policy determinants and guiding
investors.

The continuation of the work on determinants of
dividend payout policies in the airline industry was
organized as follows. In the second section, we
included studies in the literature. In the third section,
the method of the study was introduced. In the
fourth section, the results of the empirical analysis
were evaluated. The last section contains the results
of the study.

2. Literature Review

Studies on experimental Dividend payout policy
are based on the irrelevance theory put forward by
Miller and Modigliani [2]. Subsequently, the
empirical literature [12]-[15] has developed
supporting irrelevance theory. Over time, the
behavior of many companies dealing with dividend
payout policy in different industries [1], [16] and
countries [3], [5], [17]-[19] was analyzed.

Recent studies on dividend payout policy
address this issue from different perspectives. etc;
Wu et al., [20] analyzed the impact of ownership on
dividend payout policy for family firms in the
context of corporate ownership structure. Miller et
al., [21], on the other hand, examined the effect of

payout decisions in the context of monitoring
debtors for the family firm, institutional investors,
and market preferences. (Kim et al., [22]
investigated the impact of R&D on dividend payout
policy in firms with financial constraints. Ding et
al., [23] analyzed the correlation between dividend
payout and CEO and CFO equity compensation
across the firm lifecycle. Feng et al., [24] examined
the firm's exposure to risk and dividend payment
policies under an environment of uncertainty.

The dividend payout has been examined in
recent academic studies in the context of legal, that
is, shareholder litigation rights [25]. Empirical
studies have been carried out [26] on liquidity
extraction through dividends in times of crisis,
where CEO debt policy is analyzed within the
context of market structure and dividend payout
policy. In addition, there are studies in the literature
about oil shocks and dividend payout policy [27]
and how dividend payout policy is affected in an
environment of political uncertainty [28].

A limited number of studies have been done in
the literature on the dividend payout policy in the
airline industry. Moon et al.,, [29] focused on
dividend payments and share repurchases. The
findings showed that financial variables such as
financial leverage, cash holdings, and firm size
affect share repurchase. Another study is on the
dividend payout policy of travel and entertainment
companies in Western Europe [30]. According to
the results, in addition to the traditional dividend
payout policy, financial determinants such as capital
intensity, intangibility, leverage rate, and tax rate
affected the payout decision. The limited number of
studies in the literature makes it necessary to
examine this issue using up-to-date data on the
dividend payout decision. In this study, we
examined the dividend payout policy of large-scale
airlines in the world with a large data set. Therefore,
we think that it is original and will contribute to the
literature.

3. Data Set and Method

In this study, we focused on the financial factors
that determine the dividend payout. We analyzed
the factors affecting dividend payout policy in the
airline industry using the panel data analysis
method. We benefited from the studies in the
literature both in the determination of the variables
and in the determination of the appropriate analysis
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method. In the study, we analyzed the 2009-2018
financial data of 16 airlines. The list of analyzed
airlines is attached. To ignore the impact of the

Table 1. Dependent and independent variables

Covid-19 pandemic, we did not include data for
2019 and beyond. The details of the financial data
we used in the study are given in table 1.

Variable Abbreviation Calculation Reference
Dividend Payout PAYOUT Dividends Per Share/ Earnings Per Share [16], [31], [3]

Firm Size SIZE Log (Total Asset) [11], [20], [32], [33]
Leverage DEBT Total Debt/Total Asset [20], [32]-[34]
Tangibility TANG Property, Plant & Equip/Total Asset [1], [35]
Profitability PROF EBIT/Total Asset [20], [32], [34]
MV/A MVTA Market Value/ Total Asset [28], [31]

Liquidity LIQ Current Asset/Current Liability [16], [20], [32], [36]
Cash holding CASH Cash/Total Assets [31], [19], [3]

While determining the variables in Table 1, we
benefited from the articles in the literature. In the
study, we employed dividend payout as the
dependent variable. We found the dependent
variable by proportioning dividends per share to
earnings per share. The independent variables used
in the study are in the table above. The model we
created in the study is as follows.

PAYOUT;; = By + B1SIZE;, + B,DEBT; +
B3TANG; + B4PROF;; + BsMVTA; + BcLIQj¢
+B,CASH;; + & (1.1)

PAYOUT is the dependent variable in the
model. S is the slope parameter. The subscript i
denotes units, that is, airlines. The t subscript shows
time, that is, quarterly data.

We used panel data analysis as a method in the
study. Panel data analysis includes periodic and
unitary data of the variables. In this respect, it
provides an advantage in financial analysis. In

Table 2. Descriptive statistics

general, the panel data model is shown in the figure
below.

Yie = aje + BieXie + €t (1.2)

Before applying panel data analysis, various
pretests (cross-section dependency testing, unit root
testing, and Heteroscedasticity etc.) pre-tests should
be applied on the data. Therefore, after unit root
tests, cross-section dependency tests, model
determination tests, varying variance, and
autocorrelation tests are performed, the model is
estimated.

4. Findings

In this study, financial factors affecting airlines'
dividend payout policy were analyzed. In the study,
we used dividend payout as the dependent variable,
firm size, leverage, tangibility, profitability, market
value, liquidity, and cash holdings as the
independent variables. The descriptive statistics of
the variables we used in the study are as follows.

Variable PAYOUT DEBT SIZE TANG PROF MVTA LIQ CASH
Mean 0.2796 0.3924 6.8575 0.6188 0.0560 0.0004 0.8607 0.1397
Median 0.2574 0.4066 6.8937 0.6091 0.0516 0.0003 0.8389 0.1407
Maximum 7.9550 0.7936 7.6455 0.8847 0.2166 0.0013 2.7879 0.3401
Minimum -8.2927 0.0426 5.2269 0.2986 -0.0446 0.0000 0.2026 0.0144
Std. Dev. 1.0124 0.1570 0.5823 0.1391 0.0401 0.0002 0.4290 0.0671
Skewness -1.0929 -0.224 -0.7490 -0.0076 0.3415 1.4654 1.4803 0.1869
Kurtosis 54.298 2.9317 2.7761 2.4035 4.0981 5.8054 7.1086 2.6005
Jarque-Bera 17575 1.3759 15.295 2.3735 11.149 109.73 170.97 1.9956
Probability 0.0000 0.5026 0.0005 0.3052 0.0038 0.0000 0.0000 0.3687
Sum 44,741 62.789 1097.2 99.002 8.952 0.061 137.712 22.345
Sum Sq. Dev. 162.980 3.917 53.907 3.075 0.255 0.000 29.267 0.715
Observations 160 160 160 160 160 160 160 160

Table 2 contains descriptive statistics. The
payout value of airlines is approximately 0.28 on
average. The leverage level, which is the ratio of
total liabilities to total assets, is 0.39 on average.
The firm's profitability level is around 0.05 on

average. The profitability level is maximum of 0.21
and minimum of -0.04. This means that some
airlines have negative EBIT in some periods. In
airlines, the average liquidity is 0.86. This value is
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close to the industry average. Cash holding in
airlines is around 0.13 on average.

Table 3. Correlation matrix

SIZE d_DEBT TANG PROF MVTA LIQ CASH
SIZE 1
D_DEBT -0.0170 1
TANG 0.0753 0.0687 1
PROF -0.4185 -0.4963 -0.0835 1
MVTA -0.1785 0.0131 -0.0352 0.2183 1
LIQ -0.1242 -0.0496 -0.3463 0.0098 0.0906 1
CASH -0.2402 0.0150 -0.5613 0.1625 0.3014 0.5579 1

There should be no

relationship between

independent variables. For this, the correlation
coefficients between the independent variables were
examined to test the multicollinearity assumption. A
high correlation coefficient between variables (0.80

Table 4. Cross-sectional dependence test

and above) causes a multicollinearity problem. The
correlation coefficient between the variables used in
is low. Therefore, there

the study

multicollinearity problem.

is no

Variable Test Statistic Prob.
LM1 (Breusch, Pagan 1980) 140.71 0.0952
LM2 (Pesaran 2004 CDIm) 0.304 0.7613
PAYOUT Bias-adjusted CD test -0.585 0.5585
LM (Pesaran 2004 CD) -1.058 0.2900
LM1 (Breusch, Pagan 1980) 563.32 0.0000
SIZE LM2 (Pesaran 2004 CDIm) 27.583 0.0000
Bias-adjusted CD test 26.694 0.0000
LM (Pesaran 2004 CD) 21.355 0.0000
LM1 (Breusch, Pagan 1980) 327.33 0.0000
DEBT LMZ (P_esaran 2004 CDIm) 12.351 0.0000
Bias-adjusted CD test 11.462 0.0000
LM (Pesaran 2004 CD) 0.733 0.4637
LM1 (Breusch, Pagan 1980) 413.12 0.0000
TANG LM2 (Pesaran 2004 CDIm) 17.888 0.0000
Bias-adjusted CD test 16.999 0.0000
LM (Pesaran 2004 CD) 0.953 0.3404
LM1 (Breusch, Pagan 1980) 182.95 0.0002
PROF LM2 (Pesaran 2004 CDIm) 3.031 0.0024
Bias-adjusted CD test 2.142 0.0322
LM (Pesaran 2004 CD) 0.762 0.4459
LM1 (Breusch, Pagan 1980) 224.35 0.0000
MVTA LM2 (Pesaran 2004 CDIm) 5.703 0.0000
Bias-adjusted CD test 4.814 0.0000
LM (Pesaran 2004 CD) 5.605 0.0000
LM1 (Breusch, Pagan 1980) 213.36 0.0000
LIO LM2 (Pesaran 2004 CDIm) 4.994 0.0000
Bias-adjusted CD test 4.105 0.0000
LM (Pesaran 2004 CD) 7.545 0.0000
LM1 (Breusch, Pagan 1980) 239.69 0.0000
CASH LM2 (Pesaran 2004 CDIm) 6.693 0.0000
Bias-adjusted CD test 5.804 0.0000
LM (Pesaran 2004 CD) 5.865 0.0000

213



"M I/e-ISSN:2587-1676

5 (2): 210-218 (2021)

In Table 4, the presence of cross-sectional
dependence between the Series was investigated
with the Breusch-Pagan (1980) LM test, Pesaran
(2004) CD and CDIm tests, and Bias-adjusted CD
tests. According to the results of the cross-sectional
dependence analysis, the probability value of the
PAYOUT variable is greater than 0.05, which is
considered the critical value. Therefore, there is no
Table 5. First-generation panel unit root test

cross-section dependency problem in the PAYOUT
variable. For other variables, there is the problem of
cross-section dependency. First-generation panel
unit root tests were applied to test the stationarity of
the PAYOUT variable. For other variables, second-
generation panel unit root tests were applied to test
the stationarity.

Levin-Lin-Chu unit-root test

Constant Constant and trend
Statistic Prob. Statistic Prob.
-4.6036 0.0000 -5.0287 0.0000
Im, Pesaran and Shin W-stat
Constant Constant and trend
Statistic Prob. Statistic Prob.
-3.5037 0.0002 -3.7327 0.0001
ADF - Fisher unit-root test

PAYOUT Constant Constant and trend
Statistic Prob. Statistic Prob.
63.9989 0.0007 45.9556 0.0525
PP - Fisher unit-root test
Constant Constant and trend
Statistic Prob. Statistic Prob.
88.4724 0.0000 93.4102 0.0000

Table 5 contains the results of first-generation panel
unit root tests. The test results showed that the

Table 6. Hadri & Kurozumi (2012) panel unit root test

PAYOUT variable was stationary at the level.

. Constant Constant and trend
Variable — —
Statistic Prob. Statistic Prob.

SIZE ZA spac -2.6606 [0.9961] -2.1349 [0.9836]

ZA la -2.2199 [0.9868] -2.4690 [0.9932]

DEBT ZA spac 4.0139 [0.0000] -1.2967 [0.9026]

ZA la 5.0314 [0.0000] -0.0329 [0.5131]

D DEBT ZA spac 1.2109 [0.1130] 0.4726 [0.3183]

- ZA la 1.2852 [0.0994] 0.6347 [0.2628]

TANG ZA spac -2.8546 [0.9978] -2.1092 [0.9825]

ZA la -2.6801 [0.9963] -1.5497 [0.9394]

PROF ZA spac -0.7305 [0.7674] -1.3577 [0.9127]

ZA la 2.2137 [0.0134] -0.0039 [0.5016]

MVTA ZA spac -0.0831 [0.5331] 0.0243 [0.5097]

ZA la 0.4093 [0.3412] 1.3673 [0.0858]

LIO ZA spac -2.1204 [0.9830] -0.9783 [0.8360]

ZA la -3.5173 [0.9998] -2.7050 [0.9966]

CASH ZA spac -2.7251 [0.9968] -2.5572 [0.9947]

ZA la -2.8869 [0.9981] -3.4384 [0.9997]
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In Table 6, the second generation panel unit root
test Hadri & Kurozumi (2012) was applied. All
variables except the DEBT variable are stationary at
the level. The DEBT variable became stationary at
Table 7. Model determination results

the first difference. Therefore, we used the first
difference of the DEBT variable in the analysis. We
used the other variables level values.

F-test LM Test
Statistic Prob. Statistic Prob.
Cross-section F 1.3380 0.1916 0.2351 0.6278
Period F 1.2948 0.2533 0.0612 0.8046
Cross-Section/Period F 1.3204 0.1704 0.2963 0.5862

Table 7 has pattern determination test results.
The results of the F test and LM test revealed that
the classical model is more suitable against fixed
effects and random-effects models. We used the
classical model, namely the pooled model, as the
model.

Table 8 includes heteroscedasticity and
autocorrelation. In both heteroscedasticity and
autocorrelation tests, the probe value is greater than
0.05, which is considered the critical value.
Therefore, there is no heteroscedasticity and
autocorrelation problem in the model

Table 8. Heteroscedasticity and autocorrelation
tests results
Heteroscedasticity tests

Test Type Statistic Prob.
White Test 18.31 0.9909
BP/CW Chi2(1) 37.86 0.0000
BP/CW F(1, 147) 1.280 0.2593
BP/CW Chi2(1) N*R2 1.290 0.2562
Autocorrelation test

Test Type Statistic Prob.
Wooldridge (2002) 1.646 0.219

Table 9. Panel data analysis classical model estimation results

PAYOUT Coef. Std.Err. t P>|t| [95% Conf. Interval]

SIZE -0.03547 0.17108 -0.21 0.836 -0.37379 0.30286
d_DEBT -1.11474 1.76600 -0.63 0.529 -4.60711 2.37764
TANG 0.78728 0.75167 1.05 0.297 -0.69920 2.27376
PROF -1.63556 2.86344 -0.57 0.569 -7.29818 4.02706
MVTA 372.906 380.216 0.98 0.328 -378.990 1124.81
LIQ -0.10559 0.25498 -0.41 0.679 -0.60983 0.39865
CASH 3.63619 1.93859 1.88 0.063 -0.19749 7.46987
_cons -0.43246 1.46014 -0.30 0.768 -3.31998 2.45505

Number of obs = 144
Number of Groups: 16

F(7, 136) = 1.00
Prob > F = 0.4349

R-squared = 0.0489
Periods included: 9

Table 9 presents the financial factors that affect
the airline's dividend payout. Financial variables
other than cash holding are not significant. There is
a significant relationship between the cash holding
variable and dividend payout policy. Cash holding
has a positive impact on dividend payout policy.
Therefore, as airlines' cash holdings increase, the
dividend payout increases. Investors and
shareholders can consider the cash holding factor
when following the airline dividend payout policy.

5. Conclusion

Dividend payout policies has become critical for
all industries, not just the airline industry. Investors,
shareholders, and those planning to invest in the
company follow the companies' dividend payout
policy. Financial theories regarding the dividend
payout policy suggest that the market value of the
company is affected by it. In other words, how
companies plan to use the income can be effective
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in determining the value of their shares. Airlines can
use this income to continue operations and invest in
intangible assets such as aircraft.

In the publication of this, he can invest in
securities by buying stocks, corporate or
government bonds. Airlines can use the income they
have to pay their debts and interest on the debt.
Another use of income can be distributed to
shareholders in the form of cash dividends. A few
considerations become important if the company
decides to distribute its income to its shareholders.
First, the proportion of after-tax income to be
distributed to shareholders needs to be determined.
Second, it should be determined whether the
distribution will be made as a cash dividend or by
repurchasing some shares. Finally, the dividend is
about how stable the distribution should be. All of
these factors can affect the investment in the airline
and its share market value. Therefore, in this study,
we focused on the dividend payout policy in the
airline industry.

In this study, we focused on the financial factors
that affect dividend payout policy in the airline
industry. In the study, we analyzed the 2009-2018
financial data of 16 airlines. To ignore the effect of
the Covid-19 pandemic, we did not include data for
2019 and beyond. We used panel data analysis in
the study. The study's findings show a significant
relationship between cash holding and dividend
payout policy. As airlines' cash holdings increases,
the dividend payout increases. Therefore, the airline
may consider the cash holding factor when
following the dividend payout policy. In future
studies, the effect of dividend payout policy can be
analyzed according to the business model. In
addition, it can be analyzed how the dividend
payout policy has changed from the airline industry
during the Covid-19 period.
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Appendix
Table: Airline List

ID AIRLINE 1D AIRLINE

1 AEROFLOT 9 SHANDONG AIRLINES
2 AIR CHINA 10 COMAIR

3 AIR NEW ZEALAND 11 COPA HOLDINGS

4 ANA HOLDINGS 12 LUFTHANSA

5 AVIANCA 13 ICELANDAIR

6 CATHAY PACIFIC AIR 14 LATAM AIRLINES

7 CHINA SOUTHERN AIR 15 SINGAPORE AIRLINES
8 HAINAN AIRLINES 16 SKYWEST
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Abstract

The purpose of the study is to reveal the effect of value co-creation within the scope of the DART model, which consists
of Dialogue, Access, Risk Assessment, and Transparency on perceived service newness and loyalty. In addition, it is
aimed to determine the mediating role of perceived service newness between value co-creation and passenger loyalty. For
this purpose, the data collected by the online and convenience sampling method from the passengers who travel airlines.
The data is subjected to reliability analysis and confirmatory factor analysis in order to discover the variables that make
up the dimensions in the study model. The relationship in the study model is evaluated by using partial least squares
structural equation modeling (PLS-SEM) via the SmartPLS 3.0 package program. The findings show that value co-
creation has an impact on the perceived service newness and loyalty. This study found also mediating effect of perceived
service newness in the relation between value co-creation and loyalty. The study contributed the understanding of value
co-creation from the passenger perspective to the value co-creation literature by using the DART model. The study also
provides theoretical and managerial contributions to manage the value co-creation process effectively and efficiently.

Keywords: Value co-creation, perceived service newness, loyalty, DART model, passenger

differentiation of the role of customers in the
acceptance of these processes. Customers as one of
the cornerstones of service innovation processes [4],
participate in production processes as the co-creator
of value by shaping processes related to perception
and loyalty regarding innovation [5].

1. Introduction

The airline industry, which is among the intangible
service industries [1-2] has a significant impact on
the world economy through direct and indirect
ways. The increase in also the competitive threats in
the airline industry, as well as the economic effects

in the service sector [3], brought about the necessity
of understanding the actors in the airline ecosystem.
The concerns of service providers to provide high-
quality service to customers in their ecosystems lead

to the development of innovation culture and the
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that the value that consumers create with businesses
in developing innovative services is an active
collaboration.  Customers'  experiences and
perceptions are at the forefront [6] to determine
value on the basis of Service-Dominant (S-D) logic
which defines customers not as passive buyers of
value, but as actors playing an active role in value
creation [7-8]. The influencing of the service
produced by each individual who actively
participates in the joint creation of value [9-10]
helps businesses gain new competencies and move
to a more competitive structure [11]. The DART
model, which deals with the context of Dialogue,
Access, Risk Assessment, and Transparency
between the actors in the value co-creation process,
is an important strategy for improving customer
loyalty and facilitating the formulation of perceived
innovation. As businesses establish a deep
relationship with customers through interaction, the
customer is expected to be the co-creator of value
and contribute to the formulation of innovation
strategy by businesses. The innovation strategy
comprised by co-creating value will increase the
scope of customer loyalty and will ensure that both
parties gain in short and long-term interactions in
today's competitive world. Along with there are few
studies on the effect of the shared value creation
process of airlines with their customers on customer
loyalty, research on the mediating role of perceived
service newness in these relationships is limited.
The study plans to make an empirical contribution
to the literature examining the connection between
innovation and co-creation in a theoretical
framework. This study empirically tests these
relationships by asking the following research
guestions:

RQL1. Does value co-creation with their customer of
the airline business have an impact on passenger
loyalty?

RQ2. Does the value co-creation with their
customer of the airline business have an impact on
perceived service newness?

RQ3. Does perceived service newness mediate
between value co-creation and passenger loyalty?

In this context, the study aims to examine the
mediating role of perceived service newness on the

value co-creation process and passenger loyalty
within the scope of the DART model. The second
section of the study includes a literature review on
value co-creation, perceived service newness, and
customer loyalty. In the following sections, the
methodology, findings, and implications of the
study are presented.

2. Literature
Value Co-Creation

S-D logic which considers as a cornerstone of the
interaction between actors in the production [12]
shapes the value creation process differently from
the goods-dominant logic. The value-based on S-D
logic is co-created with customers, not in production
and distribution processes [6]. The value created by
interactive actions that take into account specific
needs and wishes for both businesses and customers
[13] transforms the customer beyond purchasing
into a relational partner and a co-creator [14-5]. Co-
creation, which consists of the contributions of the
actors inside and outside the business in many
aspects such as ideas, design, etc. [9-15] enables
businesses to focus on processes that maximize
customer participation in customizing their services
[16]. Value, which is defined subjectively by the
customer and the supplier, is also considered a
concept that cannot be measured in monetary terms
[17]. The value produced through collective actions
and interactions is experienced subjectively [18].

According to the S-D logic, which argues that the
relationship between actors is performed routinely
and unconsciously, value co-creation consists of
processes that include procedures, tasks,
mechanisms, and interactions [8]. The co-created
value as a result of the mutual interaction of the
actors has been discussed by Prahalad and
Ramaswamy (2004) within the scope of the DART
model, which consists of the subtitles of Dialogue,
Access, Risk Assessment, and Transparency.
According to the DART model, all actors should
become equal stakeholders by interactive
cooperation and be ready to share information [19].

The concept of dialogue, which expresses the
willingness for mutual interactions and common
agreement between all actors in the service
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ecosystem [20], especially affects the value co-
creation as a result of feedback on service delivery.
Mutual dialogue, which plays an important role in
the recognition of consumer experience in the
social, emotional, and cultural context of
businesses, provides interaction, participation,
equal communication, and learning opportunities
for actors [21]. The value co-creation process is
facilitated by access, which allows actors to have
the information and/or skills to assist them to build
their own experiences [22-20]. Providing actors
with information at all stages of the co-creation
process, from design to experience, will pave the
path for effective co-creation [23]. Risk assessment,
which expresses more information about costs and
benefits to actors in the co-creation process, enables
informed decisions about risks in the value co-
creation process [20]. The fact that actors have
detailed information about risks will lead them to
take more responsibility in the management of these
risks by increasing their perception of being a co-
creator of value [22]. Transparency minimizes
knowledge asymmetry between the actors, which is
crucial given that these three basic concepts
(dialogue, access, and risk assessment) play an
active role in value co-creation [12]. The tendency
of businesses to be more upfront and transparent in
their interactions increases the willingness of
customers to accept service quality [19]. The DART
model plays a significant role in improving
consumer attitudes and behaviors toward value co-
creation by emphasizing the relevance of four
fundamental aspects in the collaborative production
of value by actors.

Value Co-Creation — Perceived Service Newness

Attitudes and behaviors developed by the actors in
the DART model also allow for the co-creation of
value and differentiation of the innovation strategy.
As the relationship between actors strengthens as a
result of effective interaction, innovation processes
are formulated [24]. Innovation, which refers to the
processes that lead to differentiation of service
among businesses; defines businesses that have the
ability to be prone to new ideas, services, processes
and promotions [25-26]. While the traditional
perspectives of innovation are based on technical
and functional criteria, the service-oriented

innovation approach views the customer as a key
participant in the production of value and expresses
the presentation and development of new
experiences [26]. Customer perception is the most
significant factor in the emergence of an innovation
[27]. Innovation processes determined by
consumers' perceptions explain how new a product
and/or service is. Perceived innovation, which
expresses customer knowledge of the degree of
innovation and the development of existing
alternative products and/or services rather than
innovations in the product's basic features [28], is
effective in a business' value co-creation process
with their customers in line with their capabilities.
Businesses develop their innovative capabilities and
meet customer demands as a result of mutual
interactions with actors taking an active role in
value co-creation [29-24]. As a result of
interactions, customers play an active role in
product and/or service development and innovation
processes as both consumers and co-creators of
value [30]. Mutual dialogues at every stage from
product design to delivery improve interactive co-
learning between actors [8-31]. Co-learning
processes enable participation in steps such as
design, development, quality and the accessibility
of value chain and service information and the
assessment of risks associated with the processes
[32]. The parties will profit from the interactions
between the actors. As a result, innovation
processes will be possible if they are implemented
in a way that leads to value co-creation,
transparency, and the elimination of information
asymmetry. Thus, there is a relationship between
the value co-creation behavior and innovation in
services with a S-D logic. In this context, the H;
hypothesis of the study was developed as follows:

H1: Value co-creation influences percived service
newness in a positive and significant way

Value Co-Creation — Loyalty

Customers' desire to establish  long-term
relationships with businesses and to recommend the
business to others in the context of service
marketing is defined as loyalty [33-34]. Loyalty
supports the competitive advantages of businesses
in the field they operate in and is shown among

221



"M I/e-ISSN:2587-1676

5 (2): 219-229 (2021)

intangible assets [35]. A high level of loyalty causes
customers to prefer the same product and/or service
providers as much as possible and to recommend
these providers to their friends, family, etc. by
developing positive attitudes towards them [36].
The loyalty that emerges through behaviors and
attitudes offers opportunities for businesses to
create a positive image perception and expand their
sphere of influence. Customer loyalty, which is
associated with rational and emotional contexts in
the studies in the literature, can play a directly
influential role in the context of interactional
relationships [35-34]. Value co-creation is
supported as a result of improved interaction
between actors, and businesses acquire a sustainable
competitive edge [37]. The interactive process that
emerges as a result of the co-creation of value
facilitates customers' access to the service system
and to have sufficient information about the risks
that may arise as a result of the process [38-39]. The
fact that the information flow between the actors
becomes symmetrical will lead to an increase in
mutual trust and in loyalty in the value co-creation
process. Therefore, the value co-creation process is
expected to have a significant impact on loyalty:

H»: Value co-creation influences loyalty in a
positive and significant way

Perceived Service Newness (PSN) — Loyalty

While service innovation is defined as the the
launch of a new service or the extension of an
existing one that benefits the organization [40],
loyalty is expressed as the willingness and
determination of customers to stay with a service
provider and maintain a long-term relationship with
the business [41]. Loyal customers have an
emotional attachment to the products/services and
no other business offering a better deal can attract
their attention [42]. Because service innovation may
readily boost customer loyalty, related research
suggests that businesses should place a greater
emphasis on innovative activities [43-44-45-46].
Thus, in order to effectively develop client loyalty,
businesses must have an innovative understanding
and work in this direction. As a result of the above-
mentioned connected investigations and literature
evaluations, the following hypothesis was formed:

Hs: Percived service newness influences loyalty in
a positive and significant way

Mediating Role of Perceived Service Newness
(PSN)

Businesses  provide  service solutions in
collaboration with their customers. By segmenting
target customers and evaluating customer data, they
may distinguish innovative customers. They
communicate with customers and include them in
current innovation processes to alter corporate
operations. They also motivate people to participate
in activities that will help them better their products
and services [47]. Value co-creation with customers
of organizations leads in service innovation, which
makes customers more loyal to the business [48].
Service innovation enables businesses to establish a
positive relationship by meeting the needs and
desires of customers [49]. This reveals a positive
effect of customer satisfaction on re-contracting and
referral, which represent loyalty [50]. As a result,
customers and service providers pay attention to the
mediating role of perceived service innovation
between value co-creation and customer loyalty. In
this study, examining the mediating role of
perceived service innovation between passenger
loyalty and the value co-creation by airlines with
their passengers, the following hypothesis is
proposed:

H.: Perceived service newness has a mediating
role between value co-creation and loyalty.

3. Methodology
Research instrument

Dialogue (DIA-9 items), access (ACC-3 items), risk
(RISK-7 items) and transparency (TRA-4 items)
from Albinsson et al. (2016) [20] were adapted to
measure DART model. This study is used perceived
service newness (PSN-4 items) scale by Lowe and
Alpert (2015) [28], and the loyalty (LOY-4 items)
scale developed by Srinivasan et al. (2002) [51]. A
five-point Likert scale was used to measure all the
statements in the study (1 to “strongly disagree” and
5 to “strongly agree”).

Sampling and data collection
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Data were collected from a sample of airline
passengers by using an online survey. A total of 317
returns were received from the survey. However,
101 uncompleted and invalid questionnaires were
excluded from the analysis. As a result, 216
responses were, finally, retained. In terms of
demographics (Table 1), 47,2% of the respondents
were female, whereas 42,1% were female and
10,6% were unanswered. 25,0% of the respondents
are in the 30-35 years, and 22,2% are in the 24-29
years of age group. 29,2% of the respondents
worked in the private sector, 24,5% worked in a
public institution, and 13,9% worked as self-
employed. 20,4% of the respondents had an average
monthly household income between 4000b and
6000b. The vast majority of participants (45,4 %)
had a bachelor's degree, while 16,2 % had a master's
degree and 10,2% had a Ph.D. degree.

Table 1. Demographic characteristics of the
participants

<L <

§ Values % E Values %

S S

© ©

> >

L Female 47,2 18-23 11,1

T Mae @ 421 24-29 222

(5]

O NA 10,6 30-35 25,0
Public 24,5 5(”» 36-41 15,7
Private 29,2 >42 13,9

~ Self-

S 13,9 NA 10,6

= employment
Other 21,3 <4000TL 245
NA 10,6 4000-6000 20,4

[«b]

Highschool 16,2 § 6001-8000 18,1
(&)
= 8001-

c Bachelor 454 T 12,0

9 S 10000

g e

3 Master 16,2 3 >10000 13,4

L PhD 102 T

NA 10,6
NA 10,6

4, Results and Discussion

The validity and reliability of the variables were
tested using factor analysis, and the PLS method

was employed in the study. The factor loads of each
factor were found to be in agreement with the values
established in the literature as a result of the variable
factor analysis [52]. The study utilized composite
reliability (CR), Cronbach's Alpha, and rho A with
a cut-off value of 0.7 to determine the reliability.
The findings show that all variables are reliable and
valid, as shown in Table 2.

Table 2. Confirmatory factor analysis and
reliability of constructs

Items Loadings AVE o CR rtj:_
DIAl 0,755

DIA2 0,870

DIA3 0,767

DIA4 0,836

DIAS5 0,757 0.677 0.949 0.949 0.952
DIA6 0,724

DIA7 0,884

DIAS 0,880

DIA9 0,909

ACC1 0,826

ACC2 0,858 0,645 0,841 0,844 0,850
ACC3 0,718

RISK1 0,771

RISK?2 0,805

RISK3 0,759

RISK4 0,783 0,688 0,939 0,939 0,940
RISK5 0,731

RISK6 0,799

RISK7 0,812

TRAl 0,689

TRA2 0,767

TRA3 0.762 0,641 0,873 0,876 0,881
TRA4 0,645

PSN1 0,783

PSN2 0,818

PSN3 0,931 0,736 0,918 0,918 0,922
PSN4 0,893

LOY1 0,729

LOY2 0,868

LOY3 0.851 0,700 0,901 0,903 0,908
LOY4 0,890

Structural model

PLS-SEM (Least Squares-Structural Equation
Modeling) analysis was performed using the
SmartPLS 3.0 package program in order to test the
working hypotheses in line with the data obtained
from the questionnaire. PLS-SEM was preferred
because it minimizes unexplained variance, is a
non-parametric method and does not have a normal
distribution condition [53]. The average value
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extracted (AVE) was used to determine convergent
validity, with a proposed cut-off of 0.5 [54-55]. The
Heterotrait-Monotrait ratio (HTMT), which is
defined as an estimate for factor correlation, was
used to assess discriminant validity (more precisely,
an upper boundary). HTMT shows established
discriminant validity metrics in Monte Carlo
simulations [56] and it should be smaller than the
value of 1 [57]. As shown in Table 3 all HTMT
values 0.84 and it assures discriminant validity.

Table 3. Discriminant validity

Fornell

and 1 2 3 4 5 6
Larcker

DIA 0.823

ACC  0.690 0.803

RISK 0.781 0.770 0.830

TRA  0.629 0.784 0.807 0.800

PSN 0.623 0.635 0.669 0.642 0.858
LOY 0492 0.448 0557 0.469 0.655 0.837
HTMT 1 2 3 4 5 6
DIA

ACC  0.687

RISK  0.777 0.773

TRA 0.627 0.791 0.811

PSN 0.620 0.639 0.670 0.645

LOY 0497 0451 0558 0.472 0.650

All variables' variance inflation factors (VIF) were
less than the threshold value of 5 [53]. As a result, a
critical threshold of predictor constructs has not
been reached (Table 4).

Table 4. Inner VIF values of the structural model

Loyalty
Loyalty -
DART model 2,036
Perceived Service Newness 2,036

Hypothesis Testing

The direct and indirect effects in the structural
model were assessed using route coefficient through
5000 bootstrapping after factor analysis and
goodness of fit testing. The direct and indirect

influence of the DART model on loyalty via
perceived service newness is seen in Table 5.

Table 5. Results of structural equation modeling

Direct t- p

Hypotheses Beta value vaIIJe BEERIT]
DART > PSN 0.713 18.139 0,000 Supported
E@Z;ye 0.185 2.020 0,043 Supported
iina@ 0.523 5.598 0,000 Supported

Figure 1 also shows the findings of the route
coefficients. The DART model has direct and
positive effects on perceived service newness (Hs;
B= 0.713, p<0.000) and loyalty (Hz; p= 0.185,
p<0.043), according to  the  findings.
Simultaneously, perceived service newness has a
direct and positive effect on loyalty (Hs; p= 0.523,
p<0.000).

Dialouge

Perceived
Service

O\ 0713 0000) Newness 053 (0.000)

Access

0.185 (0.043)

DART Loyalty

o

Risk

Transparency

Figure 1. Structural Model

Mediating effect of perceived service newness

The bootstrapping approach was used to investigate
the mediator effect [58] of perceived service
newness on the DART model and loyalty
relationship. The outcomes are shown in Table 6.
The link between the DART model and loyalty is
significantly mediated by perceived service
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newness. As a result, the Hs hypothesis was
confirmed.

Table 6. Results of the mediation analysis

N =)
5 9 S 3 =3 > w
=T g >
175
DART
->PSN->  0.373 0.234 0.527 0,000 0,668
Loyalty
Mediation Partial mediation
effect
Decision Supported

5. Conclusion

The study aims to reveal value co-creation on
perceived service newness and loyalty in the airline
service system on the based S-D logic. In the study,
the findings obtained by aiming to test the mediating
role of perceived service newness between value co-
creation and loyalty were examined under three
main headings. First, passengers' perceptions of
service innovation given by businesses as part of
value co-creation were assessed. The findings show
that the value co-creation has a statistically
significant effect on the perceived service newness
by the passengers. The service concept's unique
characteristics in terms of service innovations, such
as novelty and relative advantage, give new
methods for the service provider to offer its value
proposition. The increase in the interaction between
airline companies and passengers will result in an
increase in the perception of innovations. The value
co-created with the passengers related to the service
will also contribute to the service improvement and
development processes by offering co-learning
opportunities to the businesses. Increasing mutual
information accessibility as a result of interaction
between actors will enable more focus on processes
such as product design, product development, and
quality management [32]. Furthermore,
symmetrical information sharing will facilitate to
detect risks in airline-passenger interactions and to
risk assessment of mutual sharing in service-related
innovations. Therefore, it can be stated that the
relationship  between value co-creation and

perceived service newness is in line with the
literatiire [4-59].

Secondly, the effect of value co-creation on
customer loyalty was examined and the findings
revealed that value co-creation affected customer
loyalty statistically significant and positive. As the
value co-creation behavior develops as a
consequence of increased reciprocal interaction
between the actors, airline businesses' short and
long-term growth and competitiveness become
stronger. The symmetry of information sharing in
the interaction between the airline and the passenger
and the accessibility of this information by the
actors will ensure the continuation of customer
loyalty by leading to the development of mutual
trust [60]. The active role of passengers in the
process of creating shared value will lead to the
development of airline businesses and provide an
opportunity to offer new, pioneering and impressive
products and services [61]. As a result, existing
passengers will be loyal, and potential passengers
will choose the company. Reasons such as the high
costs of abandoning service providers in the airline
service system will lead to the perception of the
passengers that the service meets their unique and
hidden needs. Co-created value with passengers will
contribute to improved loyalty to the airline and the
ability to advise additional potential passengers at
this time [62-63]. Furthermore, transparency in
interaction processes will increase loyalty by
lowering the barriers to risk assessment for all
actors.

Finally, the mediated effect was evaluated in the
study. In this context, the mediating role of
perceived service newness in airline companies'
value co-creation with passengers and loyalty trends
were examined. The results show that the perceived
service newness variable has a mediating role in the
relationship between value co-creation and loyalty.
In summary, the results of the research show that
value co-creation is effective on passenger
behavior. Therefore, determining the reasons for
value co-creation and structuring improvement and
development initiatives in this direction will
improve customer loyalty and will help the
customer to transform their perception of
innovation into loyalty.
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The equality of the participants in the airline service
system, as well as the fact that both sides are
vulnerable to disputes and tensions, is pre-
acceptance in the dialogue process between the
actors. In order to foster discussion toward equality
and find scenarios that disclose and accept each
participant's  priorities,  organizations = must
operationalize their relational responsibilities in
dealing with their consumers as part of the value co-
creation process [64]. Thus, the coordination of
discourse and the synchronization of viewpoints
and customized meaning discovery, which offers
time and latency for dialogue, results in a shared
resource for reciprocal knowledge flow and a
mutual comprehension of priorities. The airline-
passenger interactions are the most intense
relationship networks in the airline service system,
and these interactions benefit both parties by
allowing them to participate in product and service
development processes. Passengers' direct and
indirect participation in the creation of new products
and services will result in the development of new
product and service processes perceptions.
Passengers will begin to evaluate the business after
experiencing the existing and new services offered
in airline-passenger interaction. Web sites, airport
desks, in-flight services, and other actors in the
service system (employees) will become co-creators
of value by companies as a result of stimuli such as
the services given to passengers. Service-related
reciprocal implicit learning processes create a
perception of cognitive and affective value and
service innovation in the memory of passengers
[65]. In this context, the upfront, accessible, and
transparent interactions between the actors will
ensure that the information regarding the risks (the
actors may face) is complete and will increase the
perception of service innovation.

Understanding the influence of value co-creation
processes on passenger loyalty as a result of
interactions with actors in the airline service system
will provide new insights on a variety of topics,
including loyalty and purchasing habits. Increasing
interaction with different passenger profiles and
developing a more participatory value co-creation
process will also affect the competitiveness of
businesses and positively affect the development of

management styles and new business models.
Loyalty, which is basically shaped by passenger
experiences [66], will create an area of attraction for
other potential passengers as a result of the
continuation of airline-passenger interaction and
mutual trust in the long run. Adopting the culture of
value co-creation by service providers will help to
use resources effectively by improving their
competitiveness. Understanding that value co-
creation by businesses and employees with
customers leads to service innovation and customer
loyalty may help airline management increase
customer loyalty by developing stronger value co-
creation strategies. It is necessary to reevaluate the
mindset of the organization on the basis of S-D logic
and to adopt this understanding to employees at all
levels of the business.

There are limitations to the research findings that
should be considered in future research, in addition
to their theoretical and practical contributions. The
first of these limitations is that the study used
convenience sampling and online participation in
the sample collection method. Expanding the
sample to be selected for the model and reaching
more participants are important for the
generalizability of the study. Another limitation is
that the effect of demographic variables used in the
study model was not examined. In this context, the
demographic characteristics of the participants and
the addition of new variables in future studies will
play an active role in seeking answers to different
questions in the field.
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Abstract

This study examines the scientific studies on Air Cargo via bibliometric analysis for two decades. The aim of study is
determining the intellectual structure of the air cargo focused studies, reveal its evolutionary development in the area and
identify the research gaps or topics for further studies may be needed. Dimensions database was used to obtain
bibliometric data. “Air Cargo” OR “Air Freight” AND “Supply Chain Management” keyword combination was selected
to define the primary focused area. “Commerce, Management and Tourism” or “Transportation and Freight Services” or
“Business and Management” sub-categories defined as research content. 492 journal articles were analysed with
bibliometric techniques and WosViewer software used for visualization. Analysis indicates that most of citied and
majority of published articles had found place on interdisciplinary researches. Studies which are linked to production,
management and international supply chain operations got more attention compared to focused solely on air cargo ones.
Besides, USA, UK and China were determined as most productive countries and Cranfield University was ranked first
among institutions. According to another result, two main clusters were also observed in collaborations between
universities/institutions as Eastern and Western settled. International Journal of Physical Distribution and Logistics
Management was determined the leader of journals. Only journal which focused solely aviation research is Journal of Air
Transport Management. With rising trend and new developments in both aviation and supply chain management are
foreseen that researches in the area will sustain its rising trend in the future. Especially environmental, e-trade, labour and
other interdisciplinary issues will need to be examined deeply.

Keywords: Bibliometric Analysis, Air Cargo, Supply Chain Management, Logistics, Civil Aviation

1. Introduction . )
the intellectual structure of the subject can be

Bibliometric analysis (BA) is an important tool observed. Within the scientific databases (WoS,

for literature review of previous studies in certain
fields. With the analysis, it can be determined how
many scientific studies have been published before,
which studies have been given weight via citations
and where the evolutionary stages of the studies
have gone [1]. Also trends in a specific area and

Scopus, Dimensions etc.) and data visualization
tools (VosWiever, CiteSpace, CiteNetExplorer etc.)
BA researches good potential

not only with ability to count with wide data but also
bonds, trends, common view angles between
institutions, countries or authors.

collaboration between institutions, countries,
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In terms of the evolutionary developmental
perspective; statistical bibliography technigque
firstly announced by Wyndham Hume in 1992.
Hume aimed to analyze how scientific processes
work with quantitative way, described with a quote
“Enlighten the scientific and technological
processes via counting published documents in the
area” [2]. Current Bibliometry term, which is a
combination of biblion refers book and metricus as
measuring in Latin and Greek terms; offered by
Alan Pritchard in 1969. Pritchard defined the term
similar to Hume: “Aiming to determine the trend of
development in a particular field with counting and
analyzing various publications in  written
communication and nature of a disciplinary area”
to obtain clear view. Pitchards term bibliography
was accepted and spread initially in North America
and then the rest of the world for analyzing an
existing literature on focused determined areas.
Nowadays librametry, webometrics, altmetrics and
scientometrics terms can be used to refer to the
original term Bibliometrics and used to substitute it
[3, 4]. After developments emerged in digital
indexing ensures to reach to information digitally
(and relatively simple), bibliometric analysis
became a popular method to define orientation of
researches and measuring productivity. Within the
scientific databases (WoS, Scopus, Dimensions
etc.) and analyze and visualization tools
(VosWiever, CiteSpace, CiteNetExplorer etc.) BA
researches has got potential not only wide data also
bonds, trends, common view angles between
institutions, countries or authors.

Air cargo transportation has a great importance
for businesses and society. From the point of view
for businesses, it ensures that urgent and perishable
products that will ensure customer satisfaction are
delivered to the desired location on time. In case of
high inventory costs, it helps to increase the
profitability and efficiency of the processes. From
the point of view of society, air cargo transportation
has a vital role for delivery of the products
(medicine, food, etc.) which are needed
immediately to the desired place on time.

Importance of air cargo has been increasing
gradually since the modern aviation activities begun
in the global context. According to the data
published in 2017, approximately 35% of the
product trade in the world is carried out by air cargo

transportation. It became one of the most important
parts of the supply chain network due to reasons
such as being a fast transportation type and meeting
urgent needs on time [5]. Some of the reasons why
air cargo transportation has grown dramatically
over the last 20 years include: There is an increase
in the transportation of products with light weight
but high value (except for emergencies). Air cargo
transportation is preferred due to the short life span
of some products. Due to the speed of air cargo
transportation, inventory and waiting costs are also
reduced. In recent years, the potential of air cargo
transportation in the supply chain has been
increasing due to many reasons such as the design
of wide-body aircraft, the creation of cargo sections
at the bottom of passenger aircraft, and the rapid
conversion of passenger terminals to cargo aircraft
[6].

Covid19 outbreak once again proves air cargo
operations’ necessity. It provides an uniqe,
unrivalled advantage about transporting urgent
needs in supply chain from source to end point
swiftly [7]. Due to the epidemic; urgently needed
food, medicine, vaccine, PPE, medical stuff etc.
products were provided by air cargo transportation
[5]. Although air carriers per kg price are 12 times
more expensive than shipping, high value products
and time mattered goods were transported via
aircrafts because of the fast delivery advantage. Hi-
tech products, medical equipment and fresh food
can be given as an example for this group. As
pandemic hits the whole transportation sector,
especially both the aviation and shipping industry;
airlines and freight carriers kept some measures to
ensure cash flow to continue their operations. One
of these measures is to transform/modify aircrafts
with the intention of using these valuable assets as
cargo carriers. Lack of the international passenger
flights, cargo operations used as a tool to
compensate for the financial loss partially. Hence
air cargo prices fell gradually and finally in May
2021 air carriers per kg price got competitive ratio;
6 times more expensive than sea transport [8].
Although a considerable amount of BA studies
found place in the literature about aviation, there is
a relatively small body of literature concerned with
air cargo transportation, supply chain and logistics.
Raza et al. [1] conducted a bibliographic study on
revenue management in the airline industry. It has
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been determined in which fields and countries the
studies on the subject are more common. In their
comprehensive analysis, Cavaignac and Petiot [9]
investigated 491 articles on transport industry and
sample group consists of airports and ports. Qaiser,
et al. [10], highlight current status of studies about
desicion supporting systems for sustainable
logistics in 2017. Dixit and Jakhar [11] performed
BA anlysis in the context of airport capacity
management. Authors identified airport capacity,
congestion and ground handling problems are
important keywords and closely related to ACM in
the literature. Faura and Martinez [12] evaluated 20
years of data on airport efficiency, determined the
journals with the most cited articles and
publications. They stated that airports’ efficiency
measurements were studied by universities
frepuently in the period. Article determines the
status of scientific studies on air cargo and authors
aimed to draw a direction for further studies.

Paper begins with the general information for BA
and its importance. Specifies air cargo activities’
inevitable rise in supply chain processes and
published bibliometric studies which aimed to
determine air cargo & supply chain focused essays
in the literature. The rest of paper structured as
follows; describing air cargo activities’ business
nature and principals, recent developments and
situation in the area due to the Covid 19 pandemic
outbreak; followed by methods used to perform the
analyze, results and discussion.

1.1. Business nature of Air Cargo and recent
developments

Firms need to perform SCM requirements
successfully in order to survive as a consequence of
current  intense  competition in  business
environment. It is crucial to accomplish the
transport activities of valuable products on global
scale. Firms therefore require to manage air cargo
operations prosperously. Air cargo activities have to
be carried out with coordination with each step of
SC members in order to take advantage of the fast
delivery opportunity [13].

Air cargo transportation also has a strategic
importance for states and businesses. When
evaluated from the point of view of the states, it is
ensured that the products that the countries urgent
needs (medicine, defence equipment, etc.) are

obtainable in a short time by air cargo transportation
[6]. In addition to strategic importance varying
customer needs, requests and satisfaction in a
limited time magnitudes its position and share.

As air cargo offers benefits in supply chain
management, also has important effects on the
economic development and welfare of countries.
Air cargo transportation creates new jobs and its
growth rate has bonds with countries’ GDP ratios.
Even there is a difference in numbers between cargo
and passenger flight activities, air cargo has
significant impartonce for the airports’ fiscal
developments. Yuan et al. [6] mentioned that air
cargo activities are affected economically from
performances of logistics sub-processes and cargo
traffic intensity of regions.

Timing is an important factor in aviation acitivities
and easily can cause extra costs for firms as a result
of insufficient operations. Hence firms’
miscoordination and faults in whole chain can result
in significant losses if compared to other types of
transportation [14].

Air freight operations have some distinctive
meacsures such as packaging of goods, loading
procedures, air cargo facility security practical
applications etc. which are consist of strict rules and
in accordance with international law. These loads
also includes curicial technical issues such as center
of gravity, optimization of load efficiency and
timing. In order to increase the efficiency of aircraft,
containers and pallets are divided into sections and
optimized with a mixed linear programming
models. In this respect, in cargo plans; 4 factors
should be considered in terms of the characteristics
of the aircraft construction, construction planning,
packaging of products and load balance [15].

Cargo handling activities also plays critical role in
air cargo operations and that may be divided into
several groups:

- Making a reservation for the cargo shipment.

- After the cargo is brought to the airport, it is
taken to the warehouse. In the warehouse, the
products are distinguished according to their
general or special cargo conditions and their
packaging is checked.

- By being tagged, the information and addresses
of the sender and receiver are included. The
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shipping label is used to mark the packaging. A fee
is charged for shipping and other services that will
occur.

- Necessary documents such as products, airline
invoice and sender’s certificate are examined. The
products are loaded into the trunk of the aircraft by
creating a unit load (ULD) [16].

Covid 19 outbreak and its reflections to the service
is maybe the most important issue needed to advert
for air cargo sector almost for last two years. The
outbreak has supreme effects on the whole supply
chain steps and innately on air cargo transportation
activities. In particular, the appearance of flight

restrictions has a profound effect on air cargo
transportation. To get a clear view of the deepest
crisis in aviation history, comparisons have to be
made between pre-crisis and current status. Sharp
decline is observed notably in the passenger side as
a result of flight restrictions and decreasing demand.
Compared to the pre-crisis year 2019, During the
crisis, airlines’ net cash lost was reported as 126.6B
$in 2020 and was forecasted 47.7B for 2021. Drop
in number of passengers is also remarkable; 60.2%
in 2020 and 46.6% (expected) in 2021 [17].

Figure 1 shows the air cargo and container transport
rates per kg from May 2017 to March 2021.
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Figure 1.

Compared to other aviation transport activities, the
cargo side seems to successfully cope with the crisis
implementation of successful strategies. With the
aim of preventing the collapse or bankrupt of
airlines, due to the cash flow based monetary issues,
some strategies have been implemented by both
airlines and solely cargo carriers. Lack of the
passenger flights especially inter-country stage,
some airlines converted passenger aircrafts to air
freights with modifications or carried cargo in
passenger seats with minor arrangements [18].
International Civil Aviation Authority (ICAO) and
Federal Aviation Administration (FAA) published
the documents to ensure of secure cargo carrying
and modification terms for passenger aircrafts.
Manufacturers like Airbus and Boeing determined
the guidelines for this specific and partly
uncommon operations [19, 20]. Also, cargo prices
rearranged naturally with supply demand principals.
Hence, air cargo caught competitive prices against
other transportation branches first time in its
history. Figure 1 demonstrates ratio of the air cargo
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Ratio of chargeable weight rates per kg for air cargo and container [17].

and container chargeable rates for per kg of goods.
As seen on the figure the outbreak could be
considered as a milestone for air cargo. Despite to
the all adversities, both customers and cargo carriers
took advantage of new competitive prices mutually.

Almost all regions of the world made progress after

first shock wave of outbreak. With the international
perspective, only Latin America region has
negatively affected compared to 2019. Africa, Asia
Pacific, Europe, Middle East and North America
had growth for CTK (Cargo Tonne-Kilometres).
The most growth is observed in North America,
with a ratio 25.5%, followed by Africa 24.5%,
Middle East 14.1%, Europe 5.7% and Asia Pacific
5.3%. As mentioned, Latin America experienced a
loss of -14.0%. With another sight view, when
compared the world share to CTK is represented on
table 1.
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Table 1. Regions World Share / CTK Ratios.

Region Total Market International
(World Share / Market
CTK) (World Share /

CTK)

Africa 0,087 0,082

Asia Pacific 12,074 5,491

Europe 3,667 3,842

Latin America  _( 168 -0,143

Middle East 0,935 0,922

North America 1 2g7 0,686

Table 1 means as the calculated numbers closest to
zero, there is a balance between world cargo share
and CTK. Due to the calculation Asia Pasifics’ CTK
is only 2.7% of the total market, which has 32.6%
of the total cargo market. Also, Europe, Africa and
with the negative comparison result whilst Latin
Americas’ CTKs can not meet the demand.

2. Methodology

The data was compiled from dimensions.ai web
site for analysis. After the long years of WoS
databases’ monopoly in the scientific indexing area,
initially Scopus database became active in 2004 and
afterwards Dimensions enabled the BA data for
researchers in 2018. Despite to it covers less than
two other databases its first years in service, with
developments to collecting data such as Crossref,
Pubmed and other open resource databases it
became an option for scientific data. Visser et al,
(2017) collected and compared large data sets for all
three databases. Results of research stressed out
dimensions content is at 25% larger than Scopus
[21]. The purpose for determining co-author,
institution collaborations and citation analysis
Google Scholar and dimensions got higher ranks
with 46% while WoS got only 28% [22]. Because
of WoS databases’ indexing restrictions, Scopus
databases’ institution-based membership policy,
slow download, filtering etc. reasons; Dimensions
selected to obtain the RAW data to execute
bibliometric analysis.

To establish the study design keywords and research
areas were selected/filtered as follows;

Key Words: “Air Cargo” OR “Air Freight” AND
“Supply Chain Management”

Fields of Research (with Dimensions category
codes): 15 Commerce, Management, Tourism and
services OR 1507 Transportation and Freight
Services OR 1503 Business and Management;

Publication Type: Article.

Primary results consisted of 508 results. After initial
download of database (RAW Data) extraction of
duplicated and irrelevant studies executed for data
cleaning. Eventually 492 articles were obtained for
analysis.

VOS Viewer version 1.6.16 was used for
bibliometric analysis and visualization for the data.
With the aim of analyzing common words, key
words text and semantic based similarities etc.
Lexos tool was used [23].

3. Results

Figure 2 reveals that there has been a gradual rise
in the number of publications for the selected
period. Especially soon after the beginning of the
global economic crisis in 2007, research interest in
the determined area had been accelerated over the
years. Also, COVID-19 global pandemics did not
reversely affect the interest trend. The present study
raises the possibility that due to the developments,
adjusted pricing policy, global supply chain
problems and shifting technology in the area such as
Unmanned Aircraft Systems (UAS) or drones, new
research topics will be needed for the air cargo
distribution. Hence, next years we can expect to
observe rise of studies in the area as a consequence
of new improvements.
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Figure 2. Number of publications by years
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Figure 3. Top 10 co-words by percentage.

Production
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Co-word analysis executed via Lexos semantic and
text analyzer in the defined data base. Analysis
contains title, keywords and abstract of each
publication. As seen on Figure 3; Logistics,
Table 2. Top cited documents.

Management, Production, Supply, International
Operations and Business terms are the most
commonly used. Thus, as the nature of air freight
operations which highly depends on international
trade of goods and has bonds with production and
supply steps, keywords represent management and
production areas have also found a place with high
ratio.

Due to the high number of publications and authors,
top cited publications and authors are restricted to
ensure simplification. For the purpose, both
publications and authors were selected with at least
100 citations and above. Table 2 provides the results
which are obtained from the database to represent
most cited studies with the name of first author.
Also figure 4 shows visulated diagram for top cited
authors.

Author Year Citations Essay

Manuj 2008b 537  Global supply chain risk management strategies

Manuj 2008a 429  Global supply chain risk management

Pettit 2010 410 Ensuring supply chain resilience: Development of a
conceptual framework

Christopher 2004 399 Creating agile supply chains in the fashion management

Chen 2004 330 Understanding supply chain management: Critical
research and a theoretical framework

Bontekoning 2004 252 Is anew applied transportation research field emerging?

Svensson 2000 244 A conceptual framework for the analysis of vulnerability
in supply chains

Barnes 2006 214  Fast fashioning the supply chain: Shaping the research
agenda

Bottani 2006 200 A fuzzy TOPSIS methodology to support outsourcing of
logistics services

La Londe 1994 186 Emerging logistics strategies

Johnson 2001 157  Learning from toys: Lessons in managing supply chain
risk from the toy industry

Speier 2011 156  Global supply chain design considerations: Mitigating
product safety and security risks

Ballou 2007 152  The evolution and future of logistics and supply chain
management

Gupta 2016 145  Identifying enablers of technological innovation for
Indian MSMEs using best-worst multi criteria decision
making method.

Pettit 2005 137  Emergency relief logistics: An evaluation of military,

non-military and composite response models

As table 2 shows, its apparent that the studies which
are focused primarily aviation activities could not
get attention compared to whole chain
management-oriented ones. This result may be
explained by the fact that, the studies with “narrow
focused” only have capacity to enlighten one step
for all SCM issues. However, as mentioned before
in the study, SCM operations need consideration as
a whole process due to its complexion. If we now

turn to co-words analysis which represented on Fig
3, its possible to obtain supportive results for this
statement. Studies, which cover whole SCM
procedures or investigate the problems of main
steps’ relations with others, got more attention
within the context.

Most cited articles’ scope, aims and findings were
investigated and summarized below;

232



"’A I/e-ISSN:2587—1676

5 (2): 230-240(2021)

Starting from the list for most cited articles; Manuj
and Mentzer [24] examined a qualitative study on
risk management strategies in the global supply
chain. Risks in the global supply chain; It takes
place in 3 main topics: supply, demand and
operation. Research lists 6 risk management
strategies which are determined for managers.
These are: Postponement, speculation, hedging,
control-sharing-transfer, security and avoidance.
Air cargo activities found place about the
integration with other areas via usage of RFID and
GPS technology. Another article published by same
authors with the aim of implications for
stakeholders and future researchers to ensure an
insight for global supply chain risk management. In
order to purpose this, authors intended to integrate
literature from several disciplines including
logistics, supply chain management, operations
management, strategy, and international business
[25].

To identify and improve SC’s flexibility, Pettit et al.
[26] analysed SCM resilience levels. They
highlighted 14 capabilities for the topic. Air cargo
operations discussed about its competency for the
demand for LCD monitors. Christopher at al. [27]
worked on agile SCM in the fashion industry. In the
study, they identified three critical times (time to
market, time to service, and time to respond) related
to timely delivery of products. The last-minute use
and costs of air cargo transportation in delays in the
supply chain are discussed.

Another literature-based study was published by
Chen et al, [28]. In the study, 400 articles analysed
with the intention of to develop a research
framework within the context of SCM. Dispersed
body of frame described and diverse disciplines
such as purchasing, logistics and transportation,
strategic management, operations management
literature investigated thoroughly. Bontekoning et
al, [29] have reviewed 92 articles to identify the
characteristics of the intermodal studies. Air
transportation focused handbooks, reference texts
and essays cited and examined in the intermodal
logistics frame.

Svensson, [30] analysed vulnerability in supply
chain. Study explores the concept of vulnerability
form the point of view an inductive approach and
continues with a case study of a car manufacturer in

the automotive industry. Barnes and Lea-
Greenwoood [31] focused to the fashion business
strategy and its nature for obtain new fashion
products to stores in limited time. Paper provides
the fast fashion studies reviews within the context
of supply chain. Air Cargo described in Changing
Logistics section to refer its shorter shipping times,
where and when became necessary for retailers.

A study presents a multi-attribute approach for
selection and ranking of third party (3PL) service
providers by Bottani and Rizzi [32]. Selection
methodology settled up on the TOPSIS technique
and fuzzy set theory. All cargo categories and their
assigned weights, explained and finally a practical
implication discussed in conjunction with real case
application. La Londe and Masters [33] proposed
that supply chain management is a combination of
all suppliers with divergent roles and areas. Even
the supply chain oriented the level of firm, co-
operation to produce value during the steps of
delivery to customer have to be accepted as a whole
process. Johnson, [34] focused to the toy industry
and its characteristics about time and supply related
issues. Because of the distance between
manufacturing and main markets, paper stressed out
long transit times and information lags were caused.
Air freight described as an expensive way for
industry and only used for late replenishments of
toys.

Speier et al. [35], studied the global supply chain
and reducing the safety and security-related risks of
products. They talked about the use of air cargo
transportation to reduce the delivery times of
products. The study addresses process management,
information sharing, management of the SC partner,
and service providers related to SC safety and
security. In order to prevent these risks, the design
of the SC must be done very well. In addition, all
stakeholders within the SC need to act in a mutually
relationship and dependent manner.

Baloou, [36] approaches SRM as an advantageous
appliance when coupled with demand generation. In
the international  context  especially  for
multinational companies, investing motivation to
target countries will achieve revenue enhancement.
Improvements in information technology and the
just-in-time philosophy can be the major value
drivers to realize the potential of area. Air Cargo
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found a place in the essay because of its nomic
advantages, big contribution to just-in-time and ease
of transportation for distant markets. Gupta and
Barua, used literature review and expert judgement
to identify the enablers of technological innovation
and its affects for progressing development of
MSMEs (Micro-small and Medium Enterprises).
Essay citied within the context of aviation; MCDM,
SERVQUAL, VIKOR and BWM method-based
studies [37]. With the aim of to determine the best
methods for distributing food in the terms of speed
for emergency situations and security Pettit and
Beresford, described advantages and disadvantages
of transportation modes which includes air transport
activities [38].

In addition to listed studies, its will be fair to add
some other articles which are also got citations.

Rezae et al., [39] used BWM and SERVQUAL
models for the quality assessment of the air cargo
baggage handling system. In the study, the
perceived service quality in the baggage handling
system was evaluated. In the evaluations, it is
understood that there are differences between the
perceptions and expectations of the customers. Choi
et al., conducted research on air logistics and SCM
risk analysis, taking into account Blockchain

technology [40]. In the research, reduction of
delivery times in air cargo transportation, demand
management techniques, supply situations and the
values of Blockchain are discussed. In their cross-
sectional study, Dobrovnik, et al., [41] investigated
the Blockchain applications in logistics. Study
contains in-depth analysis for the effects of
Blockchain applications with existing potential on
organizations. They stress out the possibility to
minimize deviation for air cargo containers with the
boundary 0.1 percent, in order to using these
applications based on blockchain technology.
Ballou [42] studied the past and future of SC
management and logistics. In the study, air cargo
was defined as a significant factor for reducing the
inventory costs in the SC. Also, study addresses the
current challenges for better planning and
operational management issues in the context. In
their critique of new product development and SRM
risks, Tang et al. [43] mentioned air cargo with its
vital role for preventing delays. Study investigates
Boeing 787s delivery and flight operation delays
within the SRM perspective. They described delay
related in 6 areas, which are: Technological,
operational, supply, employee, managemental and
demand sub-categories.
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Figure 4. Top cited authors (more than 100 citations)

There is a difference observed between top
documents and authors list. Some of the most cited
documents’ authors also found place in top cited

authors. Vast majority of essays published with
more than one author created the difference.
Because of that, nearly half of authors, whose paper
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was determined as most cited, couldn't place top
cited authors within the criteria 100 citations or
above. Authors who found place both two listings
aligned as fallows with surname; Manuj, Pettit,
Gupta, Christopher, Svensson, Bontekoning and
Chen. Most cited author was determined as lla

Manuj and John Thomas Mentzer with their two
publications;  Global Supply Chain  Risk
Management [24] with 429 citations and Global
supply chain risk management strategies [25] with
537 citations.
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Figure 5. Top cited institutions

As seen in figure 5; Cranfield University, Hong
Kong Polytechnic  University and Cardiff
University share the top 3 stages between all
institutions. In general view UK, North American
and Asian universities have more publications
compared to others and followed by Canadian and
Dutch universities. The counries which published
most articles demonstrated in figure 6, furthermore
collaboration between institutions and bond
figuration can be seen on figure 7.
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south korea au@a\ia
united states

sweden aly

denmark

united kingdom

taiwan

geriany netherlands

&VOSviewer

Figure 6. Most article published countries.

Published articles in the selected database sorted
with numbers as; USA 110, UK 86, China 46,
Australia 27, India 20, Germany 20, Sweden 22,
Taiwan 16, Netherlands 15, Canada and Singapore
14. Results shows, there was a positive correlation
between number of published articles and with
countries’ logistics sector size in addition to density
of importing&exporting activities among the world.
Contrary to countries with intense marine shipping
activity such as Netherlands, Sweden and
Singapore; countries which has a developed
aviation sector such as USA and UK, have more
publications. These results also represent whole
aviation activities such as general aviation,
passenger transportation etc. creates a common
knowledge and triggers productivity of scientific
work in this particular area besides countries’
logistic share in air cargo.
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Figure 7. Collaboration between institutions and
bonds.

As seen on figure 7 there are 2 main clusters
detected for institutional collaborations. The first
cluster (green) consists of solely Western
universities; however, the second one (red) consists
of both Eastern and Western universities with
Eastern majority. Especially Chinese and some
other Asian foundated universities have strong
bonds both internal and external network with
clusters. Bond strength of top three universities in
the Top 20 list detected as follows: Cranfield
University (264), Chalmers University of
Technology (206), Chinese University of Hong
Kong (187).
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Figure 8. Co-authorship of countries.

Due to the analysis of co-authorship of countries’
authors, as seen in figure 8, collaboration somehow
depends on political relationships between
countries. For instance; even in geographically
close countries such as China and South Korea there
is no co-work or research was observed. Link
strength which demonstrates the collaboration
density between countries observed as follows;
USA and UK 27, China 25 and Australia 18.

Another criterion has to be examined is major
journals for the area. Journals with the number of
articles, total link strength and 2 years impact factor
(IF) can be compared in table 3.

Table 3. Major journals of area.

Journal Docu Total IF
ments  Link (2020,

Strength 2 yrs)

International  J. of 43 658 6.045

Physical Distribution &
Logistics Management

International J. of 24 444 4.104
Logistics Research and

Applications

Transportation Research 18 259 6.875
Part E

Journal of Business 17 162 6.677
Logistics

The International J. of 16 171 5.661
Logistics Management

Journal of Air Transport 15 72 4.134
Management

Journal of Supply Chain 14 248 8.647
Management

International J. of 14 304 7.885
Production Economics

Production Planning & 12 353 6.791
Control

Although the research area of this study primarily
focused on an aviation branch which is Air Cargo
services, the wvast majority of journals are
determined in logistics, production and supply chain
research based. The only journal was kept place in
the list focused purely on aviation actions is Journal
of Air Transport Management (JATM). If the Total
Link Strength parameter is examined, which
demonstrates the interaction with others, JATM has
got relatively low score. As a result, logistic
research orientated journals got more published
essays and link strength than specially focused on
aeronautical fields. Co-citation analysis occurred in
3 clusters that journals; cited and got cited, grouped
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at the same cluster. Figure 9 demonstrates the
cluster structure of journals.
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Figure 9. Cluster structure and bonds of journals.

4. Conclusion

Due to the increasing values for global
commerce, transport activities of goods need more
complicated processes in order to ensure perfection
both organizational, operational and financial
dimensions. Thus, scientific research on the area
follows a similar trend with logistic activities
acceleration. As a result, universities/instutitions
publish new essays with an increasing tendency for
the area. As mentioned in the study before; pricing,
operational and managerial shifting on air transport
activities also creates its research demand with
serious advantages for manufacturers, suppliers etc.

Together with the rising interest to the topic;
universal knowledge, shared “know how”
experience and new perspectives put forward to the
community. However, with close inspection of
published materials for logistic based studies, a
paper hurricane can be also observed. Hence
determining the milestones and qualified studies
carry importance for new researchers and people
who want to get informed about topics.
Bibliographic analysis is a proven way to determine
qualified studies with various stages. Also, research
trends, collaborations, regional scientific activity
data can be obtained through analysis.

Study primary focused Air Cargo oriented studies
to obtain in-depth information on the literature.
Bibliographic analysis methods used to perform the

analysis with selected criterias and co-word
analysis, author, journal, most cited documents are
also determined. In addition, networking and
collaboration between institutions, countries were
examined.

Result of the study findings shows; vast majority of
studies not only focused to air cargo but also
production, management and international
operation issues besides that. Observation of these
fields together means; logistics researches oriented
to area generally did not focus in a specific area,
conduct bonds between aeronautical activities and
relevant other main fields of logistics management.
Inspection of journals that pressed most of the
articles and got most cited essays supports this view.
Logistics, supply chain, planning&control-oriented
journals indexed as had most “total link strength”
parameter and published document in numbers. The
only journal which focused for solely on aviation is
Journal of Air Transport Management (JATM). As
seen on figure 9, there are dense interrelations
between most cited journals. Impact factor of these
journals which have larger intrest area, relatively
got higher scores compared to narrow area focused
ones. Both research and publishing source statistics
reflects the result that Inter/multi-disciplinary
researches have been attracting more attention for
last decades. Co-word analysis results for selected
publications, supporting evidence could be seen
about this claim. Instead of aeronautical activity
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keywords solely; logistics, management, production
words occur more frequently. As a result, vast
majority of air cargo researches’ performed
under/with other disciplinary branches together.

Some countries have more air cargo activities
compared to the rest, because of its location,
production values, developed aviation industry and
logistics investment to became hub. Scientific
production rates also reflect and partially supports
density of air cargo activity movements. USA, UK
and China are the most article published countries
in the area among the countries. Trade capacity,
amount of import/exported goods globally and
project focused institutions, working groups make
positive effect for efficient production for scientific
publishing. Top 3 countries followed by India,
Germany, Sweden, Taiwan and Netherlands which
are also strong logistic activities and trade volumes
consistent with results.

Collaboration between institutions and countries
also shows similarity with air cargo distribution
network, flight trajectories. USA and UK placed at
the center of the collaboration network; European
countries generally bonded with the UK as a proxy
for other continents. Asian countries grouped
closely with relationships except despite the close
distance; South Korea and China, Taiwan and
China. This demonstrates beside the logistic
activities; politic affairs play a crucial role for
collaboration to scientific studies. Similar to
production rate of publications, USA, UK, China
and Australia have more collaborated studies than
others.

As the industry evolves with production and supply
demands, air cargo transportation will continue its
rising trend in the future. Carbon emissions, fuel
prices, aircraft and staff shortage etc. problems now
and in the future will be the main key difficulties
that have to be solved. Despite to short time delivery
and “new” competitive pricing advantages, it could
be said that; we will see more freighters in the sky
soon. Especially intercontinental trade, which
doesn’t need production lines and the customers
have to be close, e-commerce and raw material
demands for mass production in the post-pandemic
era, air cargo operations can catch capacity had
never been.

Analysis of literature also shows the existance of
research interest and trends for new studies. Paper

can provide to find “research gaps” for
interdisciplinary topics in the context.
Further investigations which focus on the

interdisciplinary modes, have an option to compare
aviation activities with both disciplines separately.
This can ensure a clear view, if the bond strength of
the aviation and other related areas are sufficient or
not.

Also with growing production, trade rates of Eastern
especially for the last decades, the shift on published
articles and major journals, institutions,
collaboration networks’ can be observed. It’s
foreseen that this dynamic industry will get more
attention from researchers in the future.
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Uzun Kisa Vadeli Bellek Yontemi ile Havayolu Yolcu Tahmini
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Ozet

Havayolu tagimaciliginda ucus operasyonlarinin planlanmasi 6nemlidir. Ugus operasyonlari planlanirken en dnemli unsur
yolcu sayisidir. Yolcu sayisini belirli bir zaman dilimi i¢in tahmin etmek, havayolu firmasmnin planlamalarini1 daha uygun
bir sekilde gergeklestirmelerine yardimet olabilecegi gibi maliyetten de tasarruf etmelerini saglayacaktir. Calismada, uzun
kisa vadeli bellek (LSTM) yontemi kullanilarak havayolu yolcu sayisi tahmin edilmistir. Elazig Havalimanina ait yolcu
sayis1 Vanilla LSTM yontemi kullanilarak tahminleme gergeklestirilmistir. Onerilen yontem ile Elazig Havalimanina ait
yolcu sayisi tahminlemesinde ortalama kare hata (MSE) sifira yakin ve karekok ortalama karesel hata (RMSE) 0.02 olarak
bulunmustur. Deneysel sonuglar 6nerilen yaklagimin havayolu yolcu tahminine katki saglayabilecegini gdstermistir.

Anahtar Kelimeler: Uzun kisa vadeli bellek, Havayolu yolcu tahmini, Tekrarlayan sinir aglari

Air Passenger Forecasting with Long Short Term Memory Method

Abstract

Flight operations planning is fundamental in air transport. The most important factor when flight operations planning is
the number of passengers. Estimating the number of passengers for a specific period can help the airline plan more
conveniently and save costs. In the study, the number of airline passengers is estimated using the long short-term memory
(LSTM) method. The passenger number dataset of Elazig Airport is predicted using the Vanilla LSTM method. In the
proposed method, Mean Square Error (MSE) is close to zero and Root Mean Square Error (RMSE) is found 0.02 in
estimating the number of passengers belonging to Elazig Airport. Experimental results showed that the proposed approach
could contribute to airline passenger estimation.
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1. Giris

Son zamanlarda Covid-19 pandemiden kaynakli
kiiresel salginin etkisiyle bircok sektdr olumsuz
olarak etkilenmistir. Salgindan en ¢ok etkilenen
sektorlerin basinda havacilik sektorii gelmektedir.
Salgindan kaynakli ulagim alanindaki kisitlamalar
kiiresel ekonomide bozulmalara yol agmis bu
durum havacilik sektoriinii durma noktasina
getirmistir. Ozellikle  havayolu  yolcu
tasimaciliginin durmast mali sektorel sikintilart
beraberinde getirmistir.

Havayolu tasimaciligi, ugaklari, havaalanlarini,
ucus rotalarin1 ve hava trafik yonetim sistemlerini
iceren karmasik  bir sistemdir.  Ulastirma
endiistrisindeki sosyo-ekonomik
kalkinma havaciligin en 6nemli rollerinden biridir.

gelisim  ve

Havayolu endiistrisinde, havayolu sirketlerinde
yolcu talebinin tahmin edilmesi hayati Onem
tasimaktadir [1, 2]. Ugus rotalarindaki sefer
sayisinin artirilmasi, havalimanlarinin
iyilestirilmesi, yeni hat agilmasi, bilet fiyatinin
degistirilmesi ~ gibi ~ operasyon
gelistirilmesi i¢in uzun vadeli talep tahmini
yapilmasi gerekmektedir. Ayrica, kisa vadeli talep

planlamasinda,

planlarinin

tahmini de havalimani
operasyonlarin diizenlenmesinde ve kisa vadeli
bakim i¢in 6nemli bir rol oynamaktadir [3]. Aynm
zamanda havaalani insaat1 i¢in yiiksek ekonomik
maliyet ve zaman tiiketimi hesaba katildiginda,
tahminin ve Ongoriiniin dogrulugunun ne derece
onemli oldugu goriilmektedir [4]. Yolcu talebini
ongdrmek, duragan olmama, yiiksek oynaklik ve
diizensizlik gibi siirecin ¢ok yo6nlii 6zelliklerinden
dolay1 oldukga zordur [5].

Makine Ogrenimi, karmagik verilerden anlamli
sonuglar ¢ikarmak icin kullanilmaktadir. Gelisen

Normalizasyon

Veriler

veri igleme sistemleri, bulut hizmetleri, cesitli
algoritmalarin uygulanmasinda kullanilan ¢ok
sayida arag¢ ve kiitiiphaneler sayesinde son birkag
yilda yeni tekniklerin uygulanmasi olduk¢a Gnem
kazanmistir. Bununla beraber, havacilik alani,
cogunlukla yliksek kaliteli verilere erigsimin zor
olmasi veya hi¢ olmamasi ayrica yeni karmasik
modellere kiyasla basit tahmin modellerine bagh
kalinmasi sebebiyle diger alanlara nazaran yeni
teknik ve yontemlerden yararlanamamistir [6].
Yang vd. kentsel rayli sistemler i¢in uzun-kisa
vadeli bellek agina dayanan tahminleme modeli
gelistirmiglerdir [7]. Kanavos vd. havayolu yolcu
tasitmacilifi  icin zaman serilerine dayanan
otoregresif hareketli ortalama (ARIMA) ve derin
o6grenmeye dayali model onermislerdir [2]. Tang
vd. kentsel tagima sistemi i¢in mekéansal-zamansal
grafik evrisimsel agma dayali olarak bolge
diizeyinde ¢ok topluluklu yolcu talebi tahmini
gergeklestirmigler [8]. Zhu ve Li derin 6grenme
yaklasimiyla yakit doldurma kararlar i¢in ugus
sliresi tahmini yapmiglardir [9].

Calismanin 2. boliimiinde veriler, uygulanan
Vanilla LSTM yontemi detayli olarak agiklanmustir.
Deneysel sonuglar ve tartigma 3. boliimde
sunulmustur. En son bolimde ise sonu¢ kismi
verilmistir.

2. Materyal ve Metot

Caligsmada, Elazig iline ait havayolu yolcu verileri
kullanilmigtir. Sonraki adimda elde edilen yolcu
verilerine normalizasyon islemi uygulanmistir.
Normalizasyon uygulanan veriler Vanilla LSTM ile
modellenerek yolcu tahmini gergeklestirilmistir.
Sekil 1°de, ¢alismanin akis semasi verilmistir.

Sekil 1. Caligmanin akis semast

2.1. Verilerin elde edilmesi

Elazig Havalimani’na ait 2007 Ocak — 2021
Agustos sonu yolcu verileri Devlet Hava
Meydanlar1 Isletmesi Genel Miidiirliigii'nden elde
edilmistir. Yolcu verileri yillara gore aylik olarak

alimmistir. Elazig Havalimani i¢in yillara gore aylik
olarak alman i¢ hat ve dis hat yolcu sayilarinin
toplamu, toplam yolcu say1s1 olarak

degerlendirilmistir [10]. Toplam 176 verinin %80’
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Vanilla LSTM modelinin egitimi i¢in geriye kalan
%20’si ise test edilmesi i¢in kullanilmistir [11, 12].

2.2. Normalizasyon

Normalizasyon, veri dagiliminin farkli oldugu
verileri tek bir diizen igerisinde ele almayi ve
karsilastirilabilmesini  saglamaktadir. Caligmada
min-max normalizasyon yontemi kullanilmistir.
Min-max normalizasyon yontemi ile orijinal veri
seti lizerinde dogrusal bir doniisiim yapilmaktadir.
Doniisiim  sonrasinda veri seti [0-1] araligina
indirgenmistir. Denklem I’de min-max
normalizasyon yOnteminin matematiksel ifadesi
goriilmektedir.

X' = Xt — Xmin (]_)
Xmax — Xmin
Burada, X normalize edilmis veriyi, X t

zamanindaki giris degerini, Xmax Veri setindeki en
biiylik sayiy1, Xmin veri setindeki en kiiglik sayiy1
ifade etmektedir [11].

2.3.LSTM

Uzun Kisa Vadeli Bellek (LSTM) mimarileri
genellikle zaman serisi tahmini ve Ongoriilerinde
kullanilmaktadir. Konugma tanima ve metin tanima
gibi genellikle dogal dil isleme problemleri igin
siklikla kullanilan tekrarlayan sinir aglarinin (RNN)
tizerine insa edilmektedir. RNN’lerde her bir zaman
adimindaki ¢iktt bir onceki hesaplamalara bagh
olarak islenmektedir. Bu sayede RNN’ler gecmis
bilgileri tasty1p ve onlar1 hafizasinda saklamaktadir.
Ancak RNN’ler kisa vadede gelecegi tahmin ve
Ongdrmeyi basarirken, uzun vadeli bagimli ve sirali
giris verisinde anlamli olabilecek bilgiyi ihmal
edebilmektedir. Bir bagka deyisle RNN’lerde dizi
ne kadar uzunsa, onceki zaman adimlarindan
sonraki zaman adimlarina bilginin taginmasi 0
oranda RNN’lerdeki diger bir
problemde sinir aglarinin agirliklarini giincellemek
icin kullanilan egim degerlerinin zaman igerisinde

zorlasacaktir.

kiigtilmesidir. RNN geriye yayilim yaptiginda egim
degeri kiigiilmektedir. Egim degeri ne derecede
kiigiiliirse 6grenme orani o oranda azalir. Kiiglik bir
egim degeri ile giincellenen katmanda &grenme
orant azalir ve bu durum uzun dizilerde RNN’nin
hafizaya sahip olmasina sebep
olmaktadir. Bahsedilen problemlerin  ortadan
kaldirilmasi i¢in LSTM mimarisi gelistirilmistir
[13].

kisa vadeli

LSTM, RNN’lerin performansini arttirmak, egim ve
uzun vadeli bagimlilik sorunlarmi ¢ézmek isin
tasarlanmistir. LSTM’ler yeni tip hiicre durumu
yontemiyle RNN’lerde ortaya ¢ikan sorunlari
gidermektedir. Bilgi her adimda hiicre durumundan
gecer ve gecisler sirasinda degistirilebilir. Boylece
bilgi pargalarinin unutulmasi veya hatirlanmasi
saglanir. LSTM’in  matematiksel  gdsterimi
Denklem 2-6’da gosterilmistir. Burada, X; giris
vektorlini, €1 Onceki hiicre hafizasini, hy; Onceki
hiicre ¢ikisini, b egim degerini, W her bir giris
degeri icin agirlik vektoriinii, o sigma aktivasyon
fonksiyonunu, tanh tanjant aktivasyon
fonksiyonunu ifade etmektedir. Sekil 2’de LSTM
modelinin blok diyagrami gorilmektedir. LSTM
mimarisi Sekil 2°de gdsterilen durumlar ve kapilar
araciligiyla tanimlanmaktadir.

Unutma kapisi; hangi bilgilerin atilacagina veya
hangi bilgilerin saklanacagina karar vermektedir.
Kap1 6nceki hiicrenin gizli durumu olan h., degerini
ve o zaman adimindaki X; giris degerini alir. Daha
sonra he1 ve X kodlanarak agirliklarla garpilir ve
egim degeri eklenir. Ardindan bu degere sigmoid
fonksiyonu uygulanarak 0 ve 1’lerden olusan bir
cikis vektorii elde edilir. Elde edilen vektoriin
degerleri 0’a yaklastikca bilgileri unutmasi 1’e
yaklastik¢a bilgileri tutmasi anlamina gelmektedir.
Vektor degerleri hiicre durumuna aktarilarak onceki
hiicre durumu olan Ct.1 ile ¢arpilir. Unutma kapisinin
fonksiyonu Denklem 2’de gosterilmistir.

Giris kapist; hiicre durumunu gilincellemek igin
kullanilmaktadr. ilk olarak énceki gizli durum he.
ve X giris bir sigmoid aktivasyon
fonksiyonundan gegirilir. Boylece 0 ile 1 arasinda
olan  degerlere

mevcut
dontstiiriilerek  bir  vektor
olusturulur. Bu vektdr ile hangi degerlerin
giincellenecegine karar verilir. Daha sonra ht.1 ve Xi,
tanh aktivasyon fonksiyonundan gegirilerek -1 ile 1
arasinda degerler veren bir vektor elde edilir.
Sigmoid ¢iktist tanh ¢iktisindaki hangi bilgilerin
saklanmasinin 6nemli olduguna karar verecektir.
Son olarak her iki vektor carpilarak hiicre durumuna
eklenir. Denklem 3’de giris kapisinin fonksiyonu
goriilmektedir.

Cikis kapisi; bir tanh aktivasyon fonksiyonu
kullanilarak hiicre durumunun degerleri -1 ile 1
arasinda degisen bir vektore dondstiiriiliir. Ardindan
unutma kapisina benzer bir sekilde hangi bilgilerin
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cikarilacagini veya tasmacagini se¢mek igin bir
sigmoid aktivasyon fonksiyonu kullanilir. Daha
sonra sigmoid ve tanh aktivasyon fonksiyonlarindan
elde edilen degerler ¢arpilarak bir sonraki zaman

olur. Denklem 5’te yeni hiicre durumu fonksiyonu,
Denklem 6°da ise gelecek gizli durum fonksiyonu
goriilmektedir.

hiicresinin gizli durumu h; elde edilir. Cikis kapisi ft = o(W[xt, he1, Cea] + by) 2
fonksiyonu Denklem 4’te goriilmektedir.
It = o(W[X, he1, Cr1] + bi) )
Hiicre durumu; onceki hiicre durumundan gelen
bilgilerle unutma vektorii noktasal olarak ¢arpilir. 0t = o(W[X:, he1, ¢] + bo) 4)
Daha sonra girig kapisindan gelen ek bilgi ile hiicre
durumunu  sinir aginin  uygun buldugu yeni Ct = f X Cr1 + e X tanh(W[Xy, het, Cea] +be)  (5)
degerlere giincelleyen noktasal bir ekleme yapilir.
Boylece gelecek yeni hiicre durumu bilgisi elde he = tanh(cy) x o (6)
edilirken h; gelecek gizli duruma katki saglanmis
Unutma kapisi Hiicre durumu
s T A”T T T T T T T T T T T T
e
Cr1 t t
\ |
- -+
Onceki hticre [ Mevcut hiicre
hafizast | hafizasi
|
|
|
|
|
|
|
|
|
B f
A Y
Onceki hiicre | Mevecut hiicre
ckist Giris kapist Cikis kapisi cikist
Xt
Giris vektorii
Sekil 2. LSTM modelinin blok diyagrami
2.4. Otoregresif model P
. . e Yo ;
Otoregresif model (AR), geriye doniik degerlerin e=ct - Pifle—i T & )
1=

zaman serileri arasindaki kolerasyonlarina bakarak
basit lineer regresyon ile ileriye yonelik olasiliksal
tahminleme yapilmasini saglayan bir modeldir.
Modelin matematiksel gosterimi Denklem 7°de
gosterilmistir.

Burada ¢, ¢ sabit sayi, € beyaz giiriiltii (rastgelelik)
olarak ifade edilmektedir [14].
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3. Deneysel Sonuclar ve Tartismalar

Bu boliimde, modele ait performans degerlendirme
kriterleri, Vanilla LSTM modelinin parametre
ayarlari, tahmin sonuglar degerlendirilmistir.

3.1. Performans degerlendirmesi

Onerilen calismada performans 6lciimii ortalama
karesel hata (MSE), karekdk ortalama karesel hata
(RMSE), R? kayip fonksiyonu (loss) olarak
yapilmis ve degerlendirilmistir. MSE, RMSE ve R?
performans 6lgiitlerine ait denklemler Denklem 8-
10°da goriilmektedir. MSE, modelin hata oranimi
ayn1 zamanda basarimini 6l¢en fonksiyondur. MSE,
modelin yapmis oldugu tahminin ger¢ek degerden
ne kadar farkli oldugunu hesaplamaktadir. Gergek
deger ile tahmin degeri arasindaki fark ne kadar az
ise 0 oranda iyi bir tahmin yapilmis olur. MSE

degeri 0’a yaklasirsa tahmin o oranda iyi
gerceklesmis demektir [13-16].
n
1
MSE = = (x, - %)? ®)
=i
RMSE = (9)
Tl_ Xy — X 2
R2—1— M (10)

n .2
t=1Xt

Burada, n 6rneklem sayisini, X;, t zaman dilimindeki
yolcu sayisini, X;, t zaman dilimindeki tahmin
edilen yolcu sayisini ifade etmektedir.

3.2. Parametre ayarlari

Vanilla LSTM
modelinde optimizasyon algoritmasi olarak Adam,
kay1p fonksiyonu olarak MSE kullanilmistir. Déngii
sayist olarak 50, 100, 200, 500, 1000 degerleri
denenmis en 1iyi sonu¢ 200 degerinde -elde
edilmistir. Modelde kiime boyutu 3, 4, 8 gibi
degerler denemis bunlar icerisinde en iyi sonug¢ 4
degerinde elde edilmistir. LSTM modelinde gizli

Yapilan ¢alismada Onerilen

katman sayis1 1 olarak girilmistir. Noron sayisi
olarak 8, 10, 16, 32, 50 degerleri modelde
uygulanmig en 1iyi sonu¢ 16 degerinde -elde
edilmistir. Modelde [107,...., 10%] araligindaki
degerler 6grenme oranmi olarak kullanilmig en iyi
sonug |r = 10?2 degerinde bulunmustur. Ogrenme

degeri 10 olarak alindiginda modelin ezberlemeye
basladig1 goriilmiistiir. Onerilen LSTM modeline ait
parametreler ve parametrelere ait en iyi degerler
Tablo 1°de gosterilmistir.

Tablo 1. Vanilla LSTM modelinde kullanilan
parametreler ve en iyi degerleri

Parametre Deger
Optimizasyon algoritmasi Adam
Kayip fonksiyonu MSE
Dongii sayist 2000
Kiime boyutu 4
Gizli katman 1
Noron sayisi 32
Ogrenme orani 0.001

3.3. Tahmin sonuglari ve tartisma

AR modelinin yolcu tahmininde MSE degeri 0.026,
RMSE degeri 0.161 ve R¥si 0.615 olarak
bulunmustur. Bunun yani sira Vanilla LSTM
modelinde MSE degeri 0’a ¢ok yakin RMSE degeri
0.02 ve R? ise 0.98 olarak elde edilmistir. Her iki
model MSE degerleri agisindan karsilastirildiginda
MSE degeri sifira yakin olan Vanilla LSTM modeli
AR modeline gore daha iyi tahminleme yapmustir.
Ayrica R? degerleri ele alindiginda Vanilla LSTM
modelinin R? degerinin AR modeline kiyasla daha
biiyiik ve bire yakin oldugu goriilmektedir. Bu
sebeple Vanilla LSTM modeli AR modeline gore
gercege yakin bir tahminleme yapmustir. Tablo 2°de
her iki modelin tahminlemesine ait performans
degerlendirmeleri goriilmektedir.

Tablo 2. Modellerin performans degerlendirmesi

AR Vanilla LSTM
MSE RMSE R? MSE RMSE R?
0.026 0.161 0.615 0.00 0.02 0.98

AR ve VanillaLSTM modellerine 2007-2021 yillar
arasindaki Elazig iline ait yolcu verilerinin %80’
egitim ve %20’si test verisi olarak verilmistir.
Egitim silirecinden sonra modeller test verileri ile
degerlendirilmistir. Model tahminleri ve gercek
degerler Tablo 3’de goriilmektedir. Tablo 3’iin ilk
satir1 dikkate alindiginda 34839 olan Elazig’a ait
gercek yolcu sayisi, AR modeli ile 318246.6,
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Vanilla LSTM modeli ile 40761.1 olarak
bulunmustur.

Tablo 3. Gergek ve tahmin sonuglari

Vanilla. LSTM  modelinin  kayip
fonksiyonunun dongii sayisina gore degisim grafigi
Sekil 3’te gosterilmistir. Sekil 3’teki grafik
incelendiginde hem egitim hem de test verilerinin
kayip degerinin iterasyonla azaldig1 goriilmektedir.
Kay1p fonksiyonu olarak MSE kullanilmigtir. MSE
degerinin kiigiik ¢ikmasi 6nerilen modelin iyi bir
tahminleme yaptigin1 gostermektedir. Egitim ve test
veri degerleri 6grenme siirecinde sifira yaklagmistir.
Sekil 3’deki kayip grafiginde gorildiigi gibi
modelde ezberleme durumu ger¢eklesmemistir.

Onerilen

Gergek Tahmin Degeri

Deger AR Vanilla LSTM

34839 318246.6 40761.1

73786 298141.4 73353.4

120072 282230.3 132883.3

155306 267544.9 170497.9

189327 268972.6 208610.9

252026 290549.8 286770.5

320601 327898.6 361530.7
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Sekil 3. Vanilla LSTM kayip fonksiyonu grafigi

Elazig iline ait havayolu i¢ hat ve dis hat toplam yolcu sayisinin 2007 — 2021 yillar1 arasindaki degisimi Sekil

4’de gosterilmistir.
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Sekil 4. 2007-2021 tarihleri arasindaki Elazig iline ait toplam yolcu sayisi
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Ayrica, hem AR hem de Vanilla LSTM
modellerinin test verisinin tahminleri, orijinal veri
ile karsilastirildiginda AR modelinin tahmininin
orijinal veriden uzak, Vanilla LSTM modelinin ise
orjinal veriye c¢cok yakin oldugu gorilmiistiir.
Vanilla LSTM ile yapilan Elazig iline ait yolcu

s Ham veri
Egitim verisi
Test verisi

—— Tahmin
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0

2012 2014 2016 2018

Yil
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2020

tahminlemesinin AR modeli tahminlemesinden
daha iyi oldugu goriilmiistiir. Sekil 5 a ve b’de yolcu
verilerinin ham hali, egitim ve test veri kiimesine
ayrilmis hali verilmistir. Sekil 5a’da AR modelinin
tahminlemesi, Sekil 5 b’de ise Vanilla LSTM
modelinin tahminlemesi goriilmektedir.
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Sekil 5. a) AR ve b) Vanilla LSTM modellerinin tahmini

4. Sonuc¢

Bu c¢alismada havayolu yolcu tahmini igin
geleneksel olarak kullanilan regresyon analizi,
zaman serileri, yapay sinir aglar1 gibi makine
O0grenme ve istatistiksel yOntemler yerine
tekrarlayan sinir aglarinin gelismis bir yapisi olan
Vanilla LSTM kullanilmustir.

Ozellikle tahminlemenin siklikla
havaciik alaninda, Onerilen Vanilla LSTM
modelinin  biliyiik bir eksikligi giderecegi
dngoriilmektedir. Onerilen model ile ugus aglarmin
operasyon verimliliginin artirilmasi ve etkili hava
trafik  kontrol  stratejilerinin  gelistirilmesi
hedeflenmektedir. Béylece havacilik otoritelerine
ve havayolu firmalarmma filo planlama, ekip
cizelgeleme, rota planlama ve biletleme iicretleri
konularinda onemli katki saglayacagi
diistiniilmektedir.

Etik Kurul Onay1
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Abstract

Logistics is a dynamic sector that has been affected by technology since its early times. Drone vehicles rose up to the idea
that technology can be integrated into logistics due to the ability to move objects from one point to another. The main
idea of this study is to integrate drone technology into the logistics industry and purpose is; It is the theoretical
investigation of the effects of drone technology on the logistics industry today and in the future also the determination of
the degree of impact. In this research process, a literature study was conducted under the name of innovation, new
technology and logistics terms also. A table was created with the subject headings obtained as a result of the literature
analysis and new criteria were determined. These criteria are presented to expert opinion. These tables were analyzed
with the DEMATEL decision-making method and the effectiveness levels of the criteria were determined. While the most
determined criterion was the increase in the market share of the firm also the criterion with the least impact was determined
as security problems. Interviews and analyzes have proven that drone technology will have an important place in the
logistics industry in the future.

Keywords: Drone (UAV), Innovation, Logistics, New Technology, DEMATEL

1. Introduction

Logistics is originally a military term. However, logistics and started to benefit from logistics
the real importance of this term on the stage of services that have been continuing since 1960 [1].
history was first grasped during World War Il and The short definition of logistics; is the supply of a
then logistics began to be viewed and applied from product from one point to another within the
a scientific perspective. After the 2" World War, framework of five lines (the right product, the right
many US businesses accepted the importance of price, the right time, the right place and the right
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amount of product). Logistics has many parts within
itself, storage and stocking, production logistics,
distribution logistics and reverse logistics, etc. One
of the sectors most affected by technological
developments over time is exactly the logistics
sector. E.g; Use of QR codes, integration of GPS
systems into transport vehicles, placement of
AS/RS systems in warehouse and stocking
processes, etc [2].

Drones (Unmanned Aerial Vehicles - UAV) can be
controlled by fly or go on the ground thanks to
commands given by remote control or computer
systems. Recently, we have seen that drone
technology has been used in many areas and
workloads also costs have decreased in these areas.
In many and our country, drone technology has not
yet been fully used in logistics and other fields but
when we look at the developments in the world,
only seen that companies such as Amazon™,
American Express™, AliExpress™ and FedEx™
are experimenting with drone transportation.

Since the first day of its use, drone technology has
been integrated into many sectors such as security,
journalism, military, agriculture and construction
etc. It has given rise to the idea that drone vehicles
can be integrated into logistics with the ability to
transfer (transport) physical objects from a certain
point to another desired point. From this point of
view, the main idea of the study is to integrate drone
technology into the logistics sector in our country
and others also to investigate the current and future
importance and effects theoretically then analyzing
the specified factors within which it can be
beneficial for users.

In the research process, a literature study was
conducted under the name of innovation, new
technology and logistics terms. In order to analyze
the subject more powerfully, in-depth interview
guestions were asked to logistics experts. A table
was created with the subject headings obtained as a
result of the literature analysis and new criteria were
determined. These criteria were presented to expert
opinions. These all tables were analyzed with the
DEMATEL method and the importance levels of
the criteria were determined. In addition, it is
thought that some new criteria that have not been
created on the relationship between drone and
logistics earlier which will be created in this study
and will help with the criteria for future studies.

2. Literature Review

Gokmen, Ozdemir (2016), analyzed the
relationship between R&D, innovation, export and
economic growth in Turkey. In this research, two
different methods were used as Zivot-Andrews test
and Engle-Granger cointegration analysis [3]. The
study was carried out as two separate models and
the direct positive from the patent to the growth, the
negative directly from the growth to the patent and
the negative components from the research-
development to the growth were obtained and the
unilateral connection result was obtained.

Yavuz (2010), investigated the effect and/or
contribution of innovation activities carried out in
enterprises to organizational performance in his
study [4]. The scope of this research is set out in the
“Oslo Manual Manual (2005)”, as Marketing and
organizational, products and processes innovation
types also these terms are taken into account [5].
The results have identified that organizational
innovation has an integrated effect by affecting
other types of innovation and positively affects
financial performance.

Wagner (2008), develops a conceptual framework
for innovation management in logistics service
providers that taking both macro-sectoral and
micro-firm level perspectives. Empirical data on the
German transport industry are applied to explain the
current situation [6]. The results show that despite
the importance of innovation for the
competitiveness of logistics service providers, the
innovation activities of companies in this sector and
the share of innovators are at a lower level than
other sectors. Only 30 percent of LHSs are
innovative. LHS innovation is less based on
structured innovation, new product development
and commercialization processes but instead often
becomes visible in the form of investments in
technologically advanced infrastructure and
equipment.

Budak (2019), investigated the progress of drone
journalism in Turkey and its meaning for reporters
in the journalism industry and its functionality in
news gathering in his research [7]. Drone usage
actions of Anadolu Agency, Demiréren News
Agency, Ihlas News Agency in journalism were
investigated. As a method, descriptive analysis
method was used although the results provide
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positive contributions to the journalism sector,
ethical and safety issues that we can list as negative
besides these positive aspects are emphasized.
Yilmaz (2019), made predictions and researches for
some specific situations in these recent periods
when drone usage areas have expanded in his study
[8]. For example, this research has been prepared on
the areas of use of unmanned aerial vehicles in
humanitarian logistics activities. The necessary
information for this purpose was collected by the
literature review method. The humanitarian aid
logistics management applications of unmanned
aerial vehicles were defined and the study subjects
related to the unmanned aerial vehicles supported
humanitarian aid logistics were mentioned also it
proved that unmanned aerial vehicles are a
technology with future potential for the activities
applied in the field of humanitarian aid.

Burmaoglu (2010), aimed to determine the
relationship between national innovation indicators,
national logistics performance and to investigate the
effect of innovation indicators on the logistics
performance of countries, in his article [9]. For this
purpose, the relationship between logistics
performance and innovation indicators was
examined and as a result of these analyzes, the
positive and statistically significant effect of human
resources and intellectual assets variables on
logistics performance was presented as an
innovation policy proposal.

Erdal (2018), aimed to determine the importance
levels of the main logistics innovation skills in order
to support which innovation skills LHSs will focus
on and to make the best use of the resources they
have opened in this direction [10]. Within the scope
of this purpose, in-depth interviews were conducted
with the managers of three logistics companies that
had at least one activity on logistics and innovation
in the last five years and five different experts
including two academicians from the International
Logistics Management department who were
acquainted with the MCDM method. As a result of
these interviews, the importance levels of the main
logistics innovation capabilities were revealed by
using the judgments of the experts and the analytical
hierarchy process method.

Cakict (2016), aims to evaluate the relationship
between innovation and sustainable competitive
advantage in the context of food and beverage

businesses [11]. Within the scope of this study, the
data obtained through the survey of 153 food and
beverage businesses which have the tourism
business and investment certificate given by the
Ministry of Culture and Tourism and maintain their
effectiveness in Istanbul at the same time that were
analyzed with the convenience sampling method.
Descriptive statistics, factor analysis, simple and
stepwise regression analyzes were used to analyze
the data. It has been identified that innovation
activities and investments directly affect sustainable
competitive advantage within the scope of food and
beverage businesses.

Bastiirk (2018), was investigated by using a
mathematical approach on traffic control with
drones in Istanbul, in the study [12]. It is aimed to
collect instant data by making controls with a
minimum number of drones in the busiest traffic
areas. The regions where the application is made are
the E-5 and 3-80 highways. At the end of the study,
the current traffic control system and the use of
drones will be compared in terms of various factors.
Lower maintenance cost, large scanning area
capacity, instant data collection capability and
earthquake, flood, etc. It is thought that its features
such as being able to operate effectively in natural
disasters will provide an advantage to the use of
drones in traffic control.

Erdal and Korucuk (2018), investigated the
importance of the objectives of new technologies, in
their research [10]. There are criteria determined by
the Turkish Statistical Institute (TUIK) about the
importance levels of the aims of new technologies.
These are: increase in sales revenue, increase in the
market share of the company, decrease in logistics
costs and expenses and increase in profit volume. It
was made with a solution between the
aforementioned factors and the companies that
provide services in the field of logistics.
Considering these issues, the priorities of
innovation objectives were determined with the
fuzzy DEMATEL method by conducting face-to-
face interviews with the managers of 12 different
companies working in the field of logistics that have
carried out any innovation activity in the city of
Erzurum in the last five years. The results of the
Innovative Research conducted by TURKSTAT in
2010-2012 were compared with the results of the
aforementioned article. "Increasing the company's
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market share", "increasing the profit volume™ and
"decreasing the logistics costs and expenses™ were
determined as the most important criteria for
innovation purpose.

Simsit (2014), evaluated Turkey's Logistics
Performance in the Framework of Global
Competition and Innovation. World Bank Logistics
Performance Index data was used [13]. Turkey's
logistics performance has been tried to be
determined by using different focal points
descriptive statistical techniques method. Logistics
performance; Over time, due to reasons such as
globalization, structural changes in trade and
rapidly developing technology so it has become a
key tool in countries' trade volumes, export
diversification, their capacity to attract foreign
investors and thus economic growth and
competitive advantage. In this sense, Turkey is in a
very important geostrategic and geopolitical
position and a rapid growth has been observed in the
logistics sector since the beginning of the 2000s.
Yildirim (2016), aimed to investigate the effect of
drone technology on logistics and to determine its
advantages and disadvantages, in his article [14].
Within the scope of this study, current applications
and projects in the world of logistics have been
researched and the advantages and disadvantages
have been tried to be determined. At the same time,
today's usage areas were also used. The main focus
of this study is the logistics perspective on drone
technology. When we analyze drone usage, it can be
said that there is a great expectation in commercial
matters, government regulations and industry
benefits. The use of drones is expected to create
significant advantages for both. If necessary legal
arrangements are made, it is possible for end users
and sectoral enterprises to use it commercially.
Murray and Chu (2015), answered questions such as
whether the drone can be used in different sectors
what advantages it will provide if it is used and how
solutions will be provided to the problems that it
will create [15]. The areas where drone technology
is used are no longer limited to the military. In this
new parcel delivery paradigm, two mathematical
programming models are presented that aim to steer
and program drones and delivery trucks in the most
efficient way. A scenario where drones collaborate
with other delivery vehicles is presented. Two
simple but effective and intuitive solution

approaches are presented for solving practical size
problems which along with mixed integer linear
programming formulations for the drone delivery
problem of two sizes.

Kambir (2019), a review of the drone supply system
was made in their research and focused on the
advantages of drone use [16]. E-Commerce has
become very widespread today also food orders and
grocery shopping have increased in the form of
delivery from the seller to the door. Speed and
reliability have become an important criterion in
such forms of shopping. Recently, there have been
technological developments in the field of drones.
In this study, Naza M-Lite control system, ESC
(Electronic Stability Program) and GPS systems
were used. The results achieved and predicted by
the GPS system utilized within the scope of this
project increase accurate delivery. Shortening
delivery times and giving a precise performance are
some of the advantages it provides. We can control
the drone's behavior and also adjust its direction and
speed with the ESC system.

Isik and Kiling (2011), researched the importance of
R&D and innovation in regional development and
analyzed them by comparing [17]. Innovation and
knowledge have now become an important element
in the development of countries. Many countries are
in search of a model focused on innovation and
knowledge. Now, instead of traditional production
factors such as labor and capital, the importance of
knowledge has increased and the focus has been on
the production of innovative products and goods
that provide added value. In this project, the ratio of
R&D expenditures in GDP, the number of
researchers and entrepreneurs, the number of patent
registrations and applications, the number of
trademark and utility model registrations were
determined as innovation indicators. These
indicators have been compared for the World,
OECD, EU-27, Japan, USA, Turkey, Greece, China
and Brazil. As a result of this research, it has been
concluded that countries with a higher share of
R&D and innovation expenditures in GDP have a
competitive advantage. In the light of these data, it
would not be wrong to say that innovation and R&D
expenditures have a positive effect on development.
Companic (2018), aimed to integrate various
theoretical perspectives on technology diffusion and
adoption to inform supply chain decision makers
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when to invest in new robotic systems and to
propose a framework [18]. In these periods when
the technology-life cycle is decreasing, the rise of e-
commerce and the difficulties in finding qualified
personnel in warehouse activities have increased the
competition. In these cases, companies have started
to turn to technology and robotic systems. In this
study process, robotic systems and technological
breakthroughs made and tried in this field were
examined and certain criteria came to the fore. The
use of drones in the warehouse has offered
significant efficiency for stock handling and stock
transparency. Drone system used in Amazon™
warehouses that reducing the costs in the collection
process which is the biggest warehouse cost can be
counted as a development that will lead to the
adoption of the drone system. On the other hand,
these developments are the developments that can
shed light and set an example for this field in our
country.

McCunney and Cauwenberghe (2019), can drones
be blended with other transportation methods, not
just on their own and to achieve shorter times and
lower costs in the procurement process? answers to
the questions were sought [19]. They are very rare
in Turkish sources while such studies are more
common in foreign sources in the literature.

Also this study examines when drones can be used
to supply trucks with products to reduce delivery
time and costs. The project started with the idea of
establishing transfer bases at certain points that
supplying drones from the warehouse to this base
also loading products onto trucks. The study used
SIMIO simulation as a method and applied a subset
of the city of Boston and Pittsfield, Transfer points
and same-day deliveries in the rural area around MA
are simulated on the relationship between drone and
truck. As a result of these simulations, the project in
the Pittsfield region was found to be 36% faster than
the traditional transportation method. Time and
costs are the main components of logistics. This
process also reduced the distance trucks traveled per
8-hour working day by 24%. In the Boston study,
package deliveries were 66% faster and trucks
traveled 10% less per day. This study has shown
how important drone deliveries are and how they
reduce costs and delivery times.

Yoo (2018), looked at drone transport from a
different perspective. Because this study is not

viewed by LHSs but in terms of customers' adoption
of this method [20]. This research conducted an
online survey among 296 U.S. consumers to
investigate their opinions to determine attitudes
towards the delivery service of drones. Although the
results have negative consequences such as
complexity, performance risk and privacy risk, they
play an important role in shortening delivery times
and being environmentally friendly by minimizing
carbon emissions.

lino (2018), describes Hitachi's drone and business
project in collaboration with industry, academia and
government in their research [21]. The aging of the
population and the decrease in birth rates cause
inadequacies in the working population today and in
the future. For this reason, there is a tendency to
operate with unmanned aerial vehicles to support
human operations. The cultivated use of drones is
expected in applications such as infrastructure
inspections, measurement, crop growth analysis and
disaster response especially in urban areas. Hitachi
Group has started the project called “Drone
Business Project” jointly with different departments
and produces a wide variety of solutions.

Edwards (2018), investigates the factors that trigger
the adoption of done as distribution mechanics in
Chinese logistics companies [22]. Using the
“Technology Acceptance” model which is
presented as security, perceived usefulness, and
perceived ease of use as factors affecting the
purpose of use and a model of potential barriers to
its adoption has been developed. A survey was
conducted and confirmed by using empirical data in
order to examine these factors. It appears that
resolving key security issues during product
delivery and ingestion is a crucial consideration for
e-commerce suppliers.

Sekkeli and Minister (2016), investigated the
connection between logistics coordination skills,
logistics innovation skills, customer relations skills
(CRM) and competitive advantages and logistics
performance of companies working in the logistics
sector, in their study [23]. Data were collected from
logistics companies in 9 cities of Turkey which are
members of UND by means of questionnaires
within the scope of this study. The data were
analyzed with the SPSS method. As a result of this
research, it was concluded that there are significant
connections between logistics coordination skills,
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logistics innovation skills and CRM and
competitive advantage and logistics performance.
The common points of these studies are that they are
written on the effects of innovation, logistics and
new technological tools on logistics or their
integration into the logistics sector. They are studies
that can help the most up-to-date technology studies
such as drone technology since these studies were
written in 2010 and after and keep up to date.

3. Innovation and Drone Technology

In the “Oslo Manual”, the concept of innovation
is defined as “the application of a new or
significantly improved product or process,
innovative marketing method or new organizational
method in internal business execution, company
organization or external contacts” [24].

The term innovation has been classified in many
ways in the literature. It has been examined
separately in terms of innovation degrees, applied
areas and features. Technical and managerial
distinctions have been made in the literature for the
term innovation. Technical innovations are the
principle related to the priority business movements
of the enterprise and managerial innovation is the
innovations that occur in the social order of the
enterprise [25].

Innovation in logistics has been defined as “any
logistics-related service is that from the basic to the
complex up to a specific focus group that is seen as
new and helpful. The audience can be internal
where innovations increase operational efficiency
or external where innovations serve customers
better”.

A drone is within the ability to take off and land
vertically also fly linearly and carry loads. It is
equipped with different cutting-edge technology
such as infrared cameras, GPS and laser (consumer,
commercial and military UAV). Drone vehicles
controlled by remote ground control systems (GSC)
are also specially designed to be small and fully
functional and equipped with technologies called
payload [26].

Drone usage areas in logistics that can make
inventory in a warehouse, transport goods by air or
perform security duties. In the United States, some
companies use drones to deliver products to the end
customer. Many companies including Stock

Logistics are already valuing the real options of
using this type of technology for their warehousing
services. E.g; A series of transmission tests were
carried out on medical supplies in remote areas of
Rwanda and the program was later expanded to
Ghana [27].

Telematics refers to a set of technologies used to
remotely monitor and control devices. E.g;
shipment tracking, vehicle diagnosis and driver
hours monitoring etc(Figure 1). Radio Frequency
Identification technology can be used to track goods
and products throughout the supply chain. While
few companies have applied this technology to their
supply chains and a recent study found that one-
third of companies are actively considering this
technology for supply chain applications and 12%
will implement it within the next two years [28].

Some of the advantages of using this technology
are:

1. Distribution costs are saved,

2. Faster deliveries are made,

3. They provide the opportunity to reach hard-
to-reach areas,

4. They reduce urban traffic and CO; emissions,

5. They help control stocks and movements

inside the warehouse,
6. No shifts are required because drones can
operate 24 hours a day, 365 days a year.

Shipping companies like FedEx™ and UPS™
use drones to monitor traffic and optimize drivers'
routes based on real-time data. Logistics companies
such as DHL™, Amazon and related organizations
such as Google™ are developing and testing
unmanned aerial  vehicles, especially for
transporting light consumer goods. For example,
Boeing has recently developed a drone to carry
payloads of up to 225 Kilograms [29].

Additionally, farmers are using drones to
monitor livestock over large areas. Firefighters use
drones to monitor and map fires. Private companies
use drones to monitor pipelines, buildings, and
similar infrastructures. Using drones to inspect
power lines, towers, tall structures such as chimneys
and roofs will save businesses huge amounts of
money and prevent human harm and risks [30].

With the help of specific electromagnetic
sensors, drones can be used to gather geological

254



]A I/e-ISSN:2587-1676

5 (2): 249-264 (2021)

information to help geophysicists identify and better
predict the location and presence of minerals, oil
and natural gas. Surrounding sensors that can be
packed into a drone can be used to help find and
save life in the midst of natural disasters. Drones can
be used to collect and deliver medical samples,
supplies and medicines to remote or otherwise
inaccessible areas in a disaster area. Drones can also
use infrared sensors to detect humans with heat
signatures which is helpful in search and rescue
scenarios. The police delegate traffic controls,
vehicle monitoring and tracking to drones [31].

4. Methodology

Multi-Criteria Decision Making (MCDM) is a
discipline that deals with decisions that are subject
to several criteria or qualities that may be concrete
or uncertain involving the selection of the best
alternative from several potential candidates in a
single decision. Typically, a decision problem is a
situation in which an individual has to choose one
of them without prior knowledge of alternative
courses of action available and which is the best. A
decision process can be organized in three stages:
defining the purpose of the decision, recognizing the
problem to be solved, diagnosing cause-effect
relationships for the decision situation and
determining the decision. The second phase is
model development and use which includes the
development of formal models to systematically
and transparently compare decision makers'
preferences, values, trade-offs, alternatives or
actions with each other. The third stage is the
development of action plans such as analysis does
not resolve the decision. The purpose of a decision
process is to effectively generate information about
the decision problem from available data.

Since parametric statistical techniques such as
Regression, ANOVA and FACTOR Analysis etc.
cannot be used because of assumptions that can not
be provided for a limited population for Scala and
the Questionnaire. DEMATEL was preferred
among the operational techniques suitable for the
structure of the problem and at the same time, it was
aimed to determine the importance levels of the
criteria determined in the study. As it is known,

DEMATEL is a technique that can be applied when
decision makers are limited or few.

5. DEMATEL Method

In this section, multi-criteria decision making
methods and the DEMATEL method which is
chosen for this study will be discussed. In this study,
various criteria regarding the relationship between
Turkey logistics and drone were prepared by
blending the criteria that LSPs (Logistics Service
Provider) look at before using innovative products
and the criteria in the research on the use of drone
technology in the field of logistics. A proposal will
be made to LSPs by determining the weighting
levels of these criteria. The DEMATEL technique
can transform the relationships between factors into
an understandable structural model of the system
and divide them into a cause group as well as an
effected group [32].

DEMATEL was developed to solve the complex
problems. This method can increase the
understanding of the particular problematic group
of interacting factors and criteria and provide a
viable solution by creating a hierarchical related
network system. This technique is widely used in
solving complex problems. The DEMATEL
method is a powerful method that allows group
information collection and is a powerful method in
terms of both creating a structural form and
visualizing the cause relations of sub-systems on a
figure [33].

Steps to be followed in DEMATEL solution as
follows;

Step 1: Defining the problem

The identified problem should be clearly stated.

Step 2: Determination of criteria

The correct determination of the criteria is
necessary to examine the relations as accurately as

possible.

Step 3: Measuring the relationship between
criteria
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Step 4: Creating a direct relationship matrix
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Step 5: Normalization of the direct relationship
matrix
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matrix
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Step 7: Determining the relationship between the
criteria
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Step 8: Creating the network diagram

Step 9: Determination of criterion weights
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6. Defining the Problem

Theoretically investigate how much the related
sector can be affected by the negative effects of
drone technology on the logistics sector today and
in the future and to present guiding findings to the
sector about the measures that can be taken for a
solution by determining the degree of sub-effects.

6.1. Determination of Criteria

At this stage, the articles were examined during
the literature review, various evaluation,
performance and decision criteria were combined,
summarized and presented in a holistic table with
additional criteria that will be the subject of the
study. The most used ones from these criteria were
selected and determined as the “effects of drone
technology on logistics” t0 be used in this study. In
addition to these criteria, the "Financial
Performance” criterion used in all four articles and
the "Logistics Performance" criterion used in three
articles were determined.

The criterion of "Increasing Market Share",
which is among the criteria of TUIK (Turkish
Statistical Institute), which is the main target of
many companies and research in order to determine
the degree of importance of the objectives of new
technologies and the criterion of "Costs" used in
three studies has been determined as "Increase in
Logistics Costs" in order to be more specific.
Finally, "Security Problems", which were found in
two studies and were reached as a result in three
studies but unlike these studies were taken as the
criterion. Since institutions will use the criteria
determined in making decisions about the use of
drone technology and in having new decisions after
they decide and start using it that they are briefly
named as "criteria affecting the use decision".
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Table 1. The criteria for the impact of innovation and drone technology on logistics

Article Criteria analysed from Identified New
Articles Criteria
Yavuz, 2010 1) Production Performance
2) Marketing Performance
3) Financial Performance
Erdal, 2018 1) Strong, New Value Motivation to Create

Erdal, Korucuk,
2018

Simsir, Akan,
Firat, 2014

Murray, Chu,
2015

Yoo, Yu, Jung,
2018

Edwards, others
2018

2) Close and Reliable External Relations
3) Ability to Identify Customer Needs
4) Versatile Innovative Service

5) Supply Chain Performance

1) Increasing Turnover

2) Increase in Market Share
3) Decrease in Costs

4) Increase in Profit Margin

1) Logistics Performance,

2) Increased Market Share,

3) Financial Performance,

1) Level of wages and costs

2) Quality of infrastructure

3) Adequacy and quality of services
4) Efficiency of processes

5) Reasons for significant delays

6) Changes in logistics performance

1) Financial Performance
2) Velocity
3) Cost

1) Transport Performance
2) Security and Privacy Problems

1) Financial Performance
2) Security Problems
3) Ease of Use

4) Logistics Costs,

5) Security Problems.

4) Usability

K1: Logistics Performance
K2: Increased Market Share
K3: Financial Performance
K4: Logistics Costs

K5: Security Problems

The criteria listed above are defined criteria for
the effects of drone use on logistics activities. These
determined criteria may change in line with the
development of technology and the desired
requirements of the time. In order to facilitate the
solution process of the problem, the codes written
above will be used instead of the criteria names.
Questions were asked to the relevant logistics
companies within the criteria given with the letter
"K",

Logistics Performance(K1): This criterion
means that the supply chain is used more effectively
as a result of shortening the delivery times, reducing
the warehouse and stock needs and reducing the
number of vehicles used.

Increased Market Share(K2): The fact that itis a
rising value with the development of R&D
investments and technological infrastructure can
bring the company to a more valuable position in the
sector in which it is located. It is an important
criterion about how it will affect the value of the
firm accordingly.

Financial Performance(K3): In the long run,
technological equipment has the ability to reduce
the workload and replace most costly tools which is
harmful to the company in the short run and can
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bring financial gain in the long run. It is a defined
criterion in terms of evaluating financially.

Logistics Costs(K4): In addition to the
convenience that technology can bring in logistics
services, there are some costs incurred by
investments in technology and training qualified
personnel. It is a selected criterion for the evaluation
of logistics costs.

Security Problems(K5): The use of technological
tools can cause some technical errors or prevent
most predicted errors by taking the workload away
from people. It is an important criterion for the
evaluation to be made on security.

6.2. Measuring the Relationship Between
Criteria

In this study, it is desired to list the importance
of the effects of drone technology on the logistics
industry. The new five criteria we determined were
turned into a matrix table and in order to get the
opinions of experts on the this subject by asking to
14 large capacity companies (total market share
estimated 36%) and 31 low capacity companies
(total market share estimated 19%) are using and
considering using drones in the sector in later times
(transporting in warehouse and on distribution
network mostly inner city). 9 large capacity and also
16 low capacity companies of these (Total 25) are
responded these interview questions by sending
back.

Table 2. Measuring Criteria

0 No Effect

1 Low Impact

2 Moderate Impact
3 High Impact

Table 5: F=C*(1-C)* Aggregate Relationship Matrix (F)

6.3. Creating the Decision Matrix

The “Decision Matrix™ in Table 3 was formed by
taking the arithmetic average of the scores given by
the experts to the criteria.

Table 3. Decision Matrix

CRITERIA K1 K2 K3 K4 K5
K1 0 24 1,68 2 2,24
K2 2,24 0 2,04 2,4 2,36
K3 2 2,08 0 224 2,24
K4 2,56 2,52 1,96 0 2,52
K5 2,28 2,48 1,92 2,52 0

6.4. Determination of Normalized Direct-

Relationship Matrix

As a result, the normalized direct-relationship
matrix given in Table 4 was found. The S value was
calculated as 9.56 and the normalized values (C) in
the above formula were calculated.

Table 4. Normalized Direct Relationship Matrix

(©)

CRITERIA K1 K2 K3 K4 K5
K1 0 025 018 021 0,23
K2 023 0 021 025 0,25
K3 021 022 O 0,23 0,23
K4 027 026 021 O 0,26
K5 024 026 020 026 O

6.5. Creation of the Aggregate Relationship
Matrix

Aggregate Relationship Matrix (F) values were
calculated using the C values in Table 4. These
values are shown in Table 5 below.

Relationship between the criteria values (Di and
Rj) consisting of Step 7, row and column sums are
calculated and added to the last row and last column
of Table 5.

CRITERIA K1 K2 K3 K4 K5 Di
K1 2,66 2,95 2,44 2,85 2,91 13,81
K2 3,03 2,95 2,63 3,06 3,11 14,77
K3 2,89 3,00 2,34 2,92 2,97 14,13
K4 3,18 3,29 2,73 2,99 3,25 15,44
K5 3,08 3,20 2,66 3,11 2,95 15,00
Rj 14,85 15,38 12,80 14,93 15,19
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6.6. Creating the Network Diagram

The threshold value was calculated as 2.925946
by using the Aggregate Relationship Matrix (F)
values in Table 5.

K3

€] =

Figure 1. Relationship between Criteria

7. Determination of Criterion Weights

As a result of the data presented in Table 5, the
Di and Rj values were summed and the importance
levels of the criteria were determined and presented
in Table 6.

Table 6: Criterion Weights

Criteria Weights
K4 0,2076
K5 0,2063
K2 0,2061
K1 0,1959
K3 0,184

7. Conclusion and Recommendations

Logistics and technology have their importance
felt globally. In this context, companies use
technology to make their logistics services more
efficient and low costly. On the other hand, drone

technology is one of the newest technologies that
will adapt to logistics in terms of structure.

In this study, the effects of drone vehicles on
companies providing services in the field of
logistics in Turkey were investigated and these
effects were listed as criteria and their degree of
impact was determined.

In this research process, a literature study was
conducted under the name of innovation, new

technology and logistics terms. A table was created
with the subject headings obtained as a result of the
literature analysis and new criteria were determined.
Subsequently, these criteria were presented to
expert opinions and the tables created were
analyzed with the DEMATEL method and the
importance levels of the criteria were determined.

When the weighting levels of the criteria are
examined according to the results of the DEMATEL
analysis, the criterion with the highest value is K4
with 0,2076 points. The other criteria were ranked
according to the degree of impact and their scores
as K5 with 0,2063 points, K2 with 0,2061 points,
K1 with 0,1959 points and finally K3 with 0,184
points. This study is thought to help different studies
to be done by choosing a different MCDM method
in future studies which these criteria can be used and
may be increased or the number of experts on the
subject.

In the answers received from the face to face
meetings, seen that drone technology will be
financially beneficial to logistics companies in the
long run. It is thought that it will contribute
positively to the competitive advantage of the
companies, as well as to set new targets and improve
the workflow. Again, it has been seen in the
responses that it will increase efficiency in logistics
operations and contribute to the expansion of the
service network. Understood that concerns such as
the insufficient internet infrastructure and the
possibility of cyber attacks in the answers of the
face to face meetings.

The point that drone technology will have the
most impact on logistics companies is the increase
in the market share of the company. Companies that
have included technology in their activities from the
past to the present and remain up-to-date have been
more permanent in the market compared to other
companies. Examples of this are Nokia™ and
Apple™,

The second criterion that drone tools have the
most impact on is financial performance. It is
foreseen that the investments of the company in the
drone field will increase the awareness of the
company. It is thought that the advertisement of the
company will occur spontaneously and it will be an
important step for the customers to choose the
company. The logistics performance that drone
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vehicles will affect is in the third place and is close
to the first two criteria in terms of value.

In this process, it is seen that logistics operations
are carried out more efficiently companies such as
Amazon™ and Walmart™ are currently trying. The
criterion for the reduction of logistics costs was
found in the fourth place and it is predicted that it
will affect the decrease in oil expenses by reducing
the vans and distribution wvehicles in logistics
operations and the decrease in employee expenses
with the decrease in the number of employees.

However, since it is thought that the application
of traditional distribution methods will continue in
regions where there is not much urbanization and
this effect is in the fourth place. The last criterion is
the reduction of security problems. As the reasons
for this criterion being the last; The fact that the state
has not made a wide regulation on drone vehicles
and the internet infrastructures are not very
developed that it cannot be predicted how fast the
intervention will be in case of cyber attacks and
accidents.

Recommendations  that companies and
researchers should follow and implement are
presented,;

»  Simulation trials of drone vehicles should
be carried out in logistics operations.

» Logistics companies should examine the
research on drones and include pilot studies in their
operations.

e The state needs to issue a comprehensive
regulation on drone vehicles. Deterrent penalties
should be issued against such vehicles and cyber
attacks against the systems of these vehicles.

» It is expected that companies had drone
vehicles in their logistics activities will provide a
competitive advantage against other companies in
the market.

»  They can reduce their investment costs by
conducting a joint operation with researchers since
it is costly to invest in drone vehicles and qualified
personnel to use them in the first phase.

»  The studies of other companies in the world
can be taken as an example and applied in order to
be protected from cyber attacks and so companies
can produce their own software.

As aresult, it is predicted that drone technology
will be a part of logistics companies in the future
and create awareness exactly. It is expected that

companies that include drone vehicles in their
logistics activities will provide a competitive
advantage against other companies in the market
surely.
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Not applicable
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Appendix A

In this section, the following questions about the
effects of drone technology on logistics and its
application in the logistics industry also future
predictions were asked to the 4 different experts
who have worked on different logistics and
innovations. The purpose of asking these questions
is to place the result of the study on a solid ground
and to increase the accuracy of the information
obtained with DEMATEL method.

Face to Face Meetings

In order to verify the results obtained under this
title, 4 questions submitted to expert opinions and
the answers given by 4 experts to these questions
will be presented. Following the text, the questions
and the answers given by the experts are in
Appendix A. The validity of the findings obtained
by consulting expert opinions was tried to be
checked with the four questions presented and the
answers given to these questions to ensure accuracy.

Questions;

Q1: Can drone technology be integrated into
logistics? If so, what are the advantages and
disadvantages?

Q2: Do you have any suggestions for integrating
drone technology into logistics?

Q3: What is the impact on company profitability
and logistics operations and how?

Q4: What are the difficulties or conveniences of
integrating drone technology into logistics in
Turkey?

ANSWERS
Expert 1:

Q1: Drone technology is being integrated into
logistics today. Technically there is no problem but
an action plan should be followed under two main
headings;

a. First of all, it is necessary that the
specifications, permits, definitions and prohibitions
of drone flying in civil areas not only in Turkey but
also in all countries should be regulated and
developed to allow this. If the states do not allow
and prohibit that, integration will not be possible no
matter how ready the drones and companies are.

b. It is necessary to define and adapt the
components of drone technology such as mobility,
payload capacity, range, and payload according to
logistics objectives and produce technical and
practical solutions. Technical developments can be
carried out much faster with the clarification and
progress of the specification. In general, instead of
saying that there are disadvantages, it may be more
accurate to say that there are limits. It is possible to
overcome the limits with technique and practice.

Q2: The suggestions can be made very broad and
unlimited in knowing what can be done with a drone
today and the current and developing technical
capacities of drones. However, it is possible to
design and manufacture any kind of drone today for
using that the logistics company will determine in
line with its own goals. If it is put into the
framework then suggestions can be worked on.

Q3: Drone increases Logistics diversity in the
operation, the shipment carrying capacity, the
ability to serve more customers in a wider
geographical area, competitiveness in the market
and opens an important window for the company to
set new targets.

As it will require investment in the first stage,
there will be figures that reduce profitability from a
financial point of view but if the ROI (return of
investment) expectations of the project which is
well-constructed and whose feasibility will be
determined as a correct investment are set
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realistically.
investment.

It would definitely be a good

Q4: 1 think that the relevant specification and
applications that mentioned should be revised
accordingly. This will ultimately be a commercial
project so like every commercial project, the legal,
financial and official sides of the business need to
be updated and followed in a consistent and
sustainable manner.

Logistics companies of foreign origin already
have access to information on how to carry out
comprehensive R&D and economic modeling of
such projects in their own centers. There is no
obstacle for domestic logistics companies to enter
this operation according to their own vision,
possibilities and goals also it is a subject that should
definitely be evaluated for their competitive
positions.

Expert 2:

Q1: Yes, it can be integrated which is what
amazon already does and it delivers cargo by drone
at points where the highway is troublesome.
Advantage is low cost (no personnel, transportation
etc.), disadvantage is high investment cost and
profit cannot be made in a short time.

Q2: 10T technology must have a strong
infrastructure. E.g; Thanks to drones when the
detergent of the washing machine runs out so the
automatic demand is sent to Amazon via the system
and the cargo is delivered from Amazon to those
living in a remote location. By the way, it is
important that if we take into account that the
payment is by credit card, data security must be
handled carefully.

Q3: It provides profit in the long run and creates
awareness for the company but this decision is
directly related to the company's strategy. If the
company does not want to grow or to take risks, it
may be naturally not to have so big investments.

Q4: First of all, the addresses defined on the
maps must be updated and internet infrastructure

also be robust. Keeping the databases up-to-date is
a very sensitive criterion in such an application.

Expert 3:

Q1: Drone technology has started to be
integrated into logistics services. However, it
should be considered that this integration is at the
pilot level for now. Because drone technology will
be able to serve a limited area in logistics services
at the moment (lack of sufficient carrying capacity).
Battery technology is also an important criterion. A
vehicle leaving the logistics center with a driver and
a delivery person can deliver with a single tank of
fuel until the end of the day. But when we consider
the similar service for the drone, how many
deliveries will it have with a full battery? Will there
be intermediate charging stations?  Will
intermediate charging stations be safe? How many
deliveries will it have during the day? When the
technical team will arrive up to the response of
when there is a drone accident happened? etc.

Before the inclusion of drone technology in
logistics services, the preparation of drone
legislation, the authorities and responsibilities of
public institutions should be determined. The
possibility of competing companies to interfere with
each other's drone vehicles should be eliminated,
etc. As a result, it can be included but the current
initial investment costs and operating costs are high
and it will be necessary to wait a little longer for it
to be included in logistics services.

Q2: In the first stage, costs need to be reduced.
If door-to-door delivery is to be made and there
must be smart mail acceptance systems as in Tesla
vehicles. The product transported by drone should
be able to leave directly without waiting at the
delivery point or it can be used for urgent deliveries
at the first stage(medicine, etc.).

Q3: Comments made without concrete
calculations in terms of profitability will remain
subjective but my general opinion is that there is not
much feasibility in terms of both initial investment
cost and operating cost(for now). However, besides
not being a profitable operation, it has the potential
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to have a positive impact on service. It can also be
used in terms of advertising and awareness.

Q4: It will not be very attractive due to the high
initial investment costs unless it is domestic and
national. Even if the initial investment cost is low,
there is a possibility that the subsequent operating
costs will be high when it is not domestic and
national (such as color lettering and toners
purchased later).

They are just beginning to use scientific methods
even in the normal distribution operations of our
logistics companies. Human resource management
is problematic in Turkey. First of all, we must use
the resources that we have efficiently. Working an
employee for an extra 8+2 hours without working
overtime is not efficiency. It is to offer opportunities
and directions that will produce the added value that
that employee produces in 10 hours or in 8 hours. If
we do not learn to use the resources we have
efficiently, none of the technological innovations
offered will save us.

Expert 4:

Q1: I think it will provide a great advantage in
terms of speed in normal situations and light
deliveries. But I think it will be much more useful
especially in emergencies and disasters because
time is very important and transportation becomes
more difficult. But it is at a disadvantage in terms of
security and reliability. | think the error rate will be
high due to the damage rate and the possibility of
not being able to deliver to the right person/address
every time. In this regard, methods can be
developed to increase security (key, password, etc.)
and ensure reliability (packaging, transportation
technique, etc.).

Q2: Extra applications are required to overcome
the security problem.

Q3: I believe it will benefit both of them. It can
do more harm than good however, if security issues
are not resolved.

Q4: 1 do not think that our country is very open
to innovations. So | don't believe, it will be easy. At
least for the beginning, I think it would be better to
apply it in big cities.
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Abstract

Today, a significant part of airports' revenues is derived from support services such as retail stores, food and beverage
(F&B) services, and entertainment activities. These services are also vital for enhancing passenger experience, which
plays a major role as arbiter of airport success. There are different typologies of passengers, and a successful airport must
deliver an optimal service mix to satisfy the needs of different passenger typologies. This requires an adequate
transformation of the voice of the customer with respect to different profiles. Hence, the first aim of this study is to
distinguish the preferences of different passenger profiles at airports by examining their choice of retail stores, F&B
services, and entertainment activities. The second aim of the study is to determine the relative importance of factors that
affect passengers’ airport purchase behavior and transform them into recommendations for distinct airport strategies.

Keywords: Airport management, Shopping preferences, Conjoint analysis

1. Introduction commercial facilities embody a solid need for
airports as a means of both increasing revenues and
passenger satisfaction [5].

The demographics of the passengers can have a
significant impact on their spending behavior and
consequently on the volume and nature of
commercial airport facilities [6]. This is particularly
setting up a new challenge for the airport
management: determining the right product mix to
fulfill the preferences of different passenger
typologies with different demographic
characteristics. This requires the transformation of
the customers' voice belonging to different
typologies. Consequently, the first aim of the study
is to identify passengers' preferences of commercial
services, including retail stores, F&B services, and

Airports have evolved from basic transportation
systems into complex systems, including various
commercial facilities such as retail stores, food and
beverage (F&B) services, and entertainment
activities [1]. Commercial facilities have a
noticeable impact on the revenue streams of
airports. According to a report published by
Airports  Council International (ACI), non-
aeronautical revenue represented 39.9% of total
airport revenues in 2017 [2] and is expected to
represent a major revenue stream in the upcoming
years [3]. In addition, commercial facilities with a
good quality and a wide range of offerings within an
appropriate mix enhance the passenger experience
[4]. Thus, diversification and increase of
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entertainment activities, and to understand the
impact of different passenger typologies on their
preferences. The second aim of the study is to
determine the relative importance of factors that
affect passengers’ airport purchase behavior.

2. Terminal Shopping Behavior at Airports

Passengers usually arrive at airports earlier than
their flight time and spend at least an hour waiting
inside the terminals [7] [8]. The waiting time can be
longer for transit passengers or in the case of
delayed or canceled flights. In addition, with recent
developments in technology, passengers spend less
time in the processing areas such as check-in,
security screening, and customs. Moreover,
technology allows passengers to receive instant
updates about the status of their flights so that they
can spend more time in concessions areas to shop or
use other available services [9] [10]. Shopping or
engaging in other activities helps passengers spend
better time during their stay at the airport [11].
Therefore, commercial activities have to be
organized in such a way that passenger experience
is improved, especially for those who spend a
relatively long time waiting at the airport [12]. This
can be managed by offering a wide range of
products and services tailored to the needs of
different passenger typologies. The most common
commercial activities offered at airports are retail
stores, food & beverage (F&B) services, and leisure
activities [10].

2.1. Retail Shopping at Airports

The largest non-aeronautical revenue source for
airports is retail, with 30,2% [2]. Besides its
financial importance, the retail environment also
contributes to the passenger experience. Passengers
reduce their travel-related stress by spending time in
the retail area [13]. In addition, retail shops are also
effective tools for creating a cultural impression of
the airport region [14]. Therefore, retail areas have
been focal points while designing the airports [15].

Understanding passengers' expectations and
behavior are crucial for offering them the right
product mix [16]. There are different factors
affecting the purchase behavior of passengers in the
airport retail environment, such as the demographic
profiles of the passengers, i.e., gender, income level,
and trip-related characteristics, i.e., travel purpose

[1], [17]. In addition, passengers’ familiarity with
the shopping environment impacts their shopping
behavior, which relates mainly to frequent flyers for
business purposes [18]. Moreover, there is a direct
relationship between product variety offered at the
retail areas and the passengers' purchase behavior
[17]. It is crucial for a successful airport retail
performance to map and match the factors affecting
the purchase behavior and the retail offerings.

2.2. Airport Layout

The features of the shopping environment,
including its location and size, appeal to different
senses of consumers and cause them to perceive
their shopping experiences differently [19]. Studies
have found that the location and arrangement of the
shops are crucial for managing passengers’
spending behavior [20]. Today, many airports
strive to use the limited terminal area wisely [21] to
maximize their revenues [22]. For example, big
stores are mostly located at the center of the
passenger terminal, and smaller stores are placed
close to the boarding gates [20]. In addition, unlike
traditional shopping malls, there is a unique
passenger flow at airports, where passengers have
to complete mandatory steps at check-in and
security control and follow a certain path to reach
gates [23]. Thus, at many airports, service providers
have turned these mandatory flows into an
opportunity and developed walk-through store
concepts on the passenger paths to the gates [20].

2.3. Food and Beverage (F&B) Services at
Airports

Food and beverage (F&B) services are essential
parts of non-aviation revenues at airports and have
crucial effects on passenger experience [24].
Passengers are not only affected by the quality and
taste of the F&B offerings [25] but also by the
servicescapes, which include the physical
characteristics and ambiance of the F&B
environment as well as the interaction with the
service employees [26]. Studies have found that
passengers’  sociodemographic  characteristics
influence their attitude towards F&B services [27].
For instance, while younger customers tend to be
price-sensitive in their F&B selections, elderly
customers seek intangible qualities such as
employee performance [28]. Also, women give

266



.,’A I/e—ISSN:2587-1676

5 (2): 265-281 (2021)

more importance to staff performance and service
processes than men in the F&B areas [29].
Consequently, the F&B strategy of airports has to
consider and respect different passenger profiles’
expectations and needs.

Rezende and Sivla [30] categorized F&B service
providers into six main groups in terms of the
experience offered. Accordingly, the first service
group includes places like Irish pubs, which provide
an  authentic  environment  with  unique
characteristics based on tradition or culture. The
second group offers a more relaxed atmosphere,
where food diversity is not necessarily a priority and
where people can meet others or work alone. Coffee
shops such as Starbucks are examples of such
places. The third group is defined as "all you can
eat" places that offer a wide range of unlimited food
options. The fourth group creates "a home feeling"
to customers by providing a cozy atmosphere and
warm relations through their staff. The fifth group
is called "efficient environment”, which mainly
involves fast-food chains. These types of food
restaurants offer convenient, standardized, and low-
cost meals to customers. The last group provides
high-quality food and high service standards with
distinct environment concepts.

2.4. Leisure Activities and Related Amenities at
Airports

Airports are experiencescapes, where the
experience is created through a variety of leisure
entertainment facilities [31]. The correct selection
of the facility mix at airports is an important task to
maximize customer satisfaction and non-
aeronautical revenue [18]. Many international
airports have been exerting considerable efforts to
respond to the needs of the passengers who value
different amenities and concession offerings [11]
[1] [2]. They aim to transform traditional terminals
into commercial hubs with an enormous array of
services, attractions, and recreational areas such as
internet centers, gyms/ health clubs, shower rooms,
spa, massage and beauty treatment centers, silent
areas, sleep boxes, yoga rooms, swimming pools,
play & gaming areas for kids and adults, cinemas
and movie theaters, aquariums, libraries, live music
and performances, art museums and exhibitions,
and green areas and gardens [32]. These facilities

help to enhance passenger experience by
entertaining travelers who have plenty of time to
roam around and wait for their flight, creating a
peaceful, relaxing environment and helping
passengers in relieving tension, stress, and ennui of
traveling, and help them make better use of their
time.

2.5. Research Gap

There are different typologies of passengers with
different characteristics. Knowing exactly how
these passenger typologies would like to spend their
time at the airport and their shopping, dining, and
entertainment preferences would help airports make
the right investments in the right facilities. This
insight can also lead to the optimization of the
airport facility mix offered to different passenger
profiles. Although several studies have been
conducted on passengers' shopping preferences of
non-aeronautical services at airports [ [6], [33], [34],
there has been little research on F&B preferences of
passengers. In addition, there have been limited
studies exploring the leisure activity preferences of
passengers. Considering the research gap, the first
aim of this study is to identify passengers'
preferences of retail stores, F&B services, and
leisure and entertainment activities and to
distinguish between different passenger typologies
subject to their preferences among different
alternatives. The second aim of the study is to
determine the relative importance of factors that
affect passengers’ airport purchase behavior.

3. Methodology

A survey for the airport shopping behavior was
developed based on the literature review and the
most recent trends in terminal concessions followed
by top-ranking airports worldwide. The top 20
airports were identified by Skytrax [35], which is a
UK-based international airport review and ranking
site. Then, the latest customer service improvement
and innovations were reviewed with regard to
dining, shopping, and entertainment. Furthermore,
while developing the survey, a small group of
international aviation professionals, including two
airport managers and three academicians with a
cumulative experience of 52 years, were consulted.
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3.1. Survey Design and Measurement

The questionnaire was divided into four
sections. The first part collected data about
participants' food and beverage preferences at the
airport. In the first question of Part 1, the
participants were asked to what extent they think
different food & beverage options should be at the
airport (e.g., coffee shops, restaurants, or pubs).
Answers were collected by a 5-point Likert scale
[1=no preference; 2=slightly prefer; 3=prefer;
4=strongly prefer; 5=very strongly prefer]. In the
second question of Part 1, respondents were asked
to rank three eating options (casual dining
restaurants, fast-food restaurants, and buffets or
vending machines) according to their preferences.
The participants were given country-specific brand
examples to make sure that they understand what
each option represents. In the third question of Part
1, participants were asked to rank different cuisine
options that they would like to have at the airports
according to their preference, i.e., Home-cooked
Turkish meals, fast-food, Mediterranean cuisine,
and Far East cuisine.

The second part of the survey involved questions
about participants' shopping preferences at the
airport. In the first question of this part, participants
were asked to indicate whether they prefer brand
stores or department stores. In department stores, a
wide range of consumer goods is offered, where
each department is specializing in a product
category such as clothing, cosmetics, furniture,
home appliances, toys, and houseware. Examples of
brand stores are Debenhams, Selfridges, Macy’s,
Kohl’s, and Nordstorm. Again, the participants
were given well-known country-specific examples
of both options. In the second question of the second
part, participants were asked to rank apparel brand
groups they would like to see at the airport
according to their preferences. Apparel brands are
categorized into three: Luxury brands, premium
brands, and value brands. Luxury brands are non-
essential products that are exclusive, prestigious,
authentic, and expensive [36]. Examples are
Hermes, Chanel, and Burberry. Premium brands
focus on high-quality products and attract
consumers with their strong brand images [37].
Examples are Nike, Under Armour, and Levi’s.
Value brands serve a utilitarian purpose and

promise maximum utility for a minimum price [38]
[39]. Examples are H&M, Forever 21, and
Missguided. The examples of each brand category
provided in the survey were those available and
well-known in Turkey. In the third question of the
second part, participants were asked to indicate the
extent to which they would purchase the listed
products (e.g., cosmetics and perfumes, jewelry,
alcohol and tobacco products, souvenirs, etc.).

The third part of the survey involved questions
regarding participants' preferences about the leisure
and entertainment activities provided at the airport.
The participants were asked to indicate the extent to
which they would prefer different entertainment
activities (e.g., theater, gym, live performances, spa
centers). Participants were asked to provide answers
using a 5-point Likert scale [1=no preference; ....
5=very strongly prefer]. Additionally, in this part,
passengers’ retail layout preference (a separate
shopping street or walk-through shops) was
questioned.

The fourth part of the survey aimed to collect
demographic (e.g., gender, age group) and travel-
related characteristics (e.g., purpose of travel
(business / leisure), type of travel (domestic /
international), and flight frequency) of the
respondents.

Before conducting the survey, twenty pilot
guestionnaires were handed out and pretested to
check whether the wording of the questionnaire is
clear and that the questions can be correctly
understood. Based on the test participants' feedback,
minor changes in the wording of some questions
were made to avoid language confusion or
misinterpretation.

3.2. Survey Sample

This study's target population consisted of
passengers traveling from/to any of the two Istanbul
airports: Istanbul Airport and Istanbul Sabiha
Gokcen Airport. The survey was conducted online
using a non-probability snowball sampling from
February 2020 to April 2020. This method brings an
advantage of collecting data from a hidden
population. A total of 436 questionnaires were
gathered using this process, and after excluding
incomplete responses, a total of 426 valid cases
were used for the analysis.
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3.3. Data Analysis

Descriptive statistics and ANOVA analysis were
conducted to reveal passengers' preferences and
whether these preferences were influenced by the
demographic and travel-related characteristics of
the passengers. In addition, a conjoint analysis was
applied to the data to understand the relative
importance of the factors that affect passengers’
airport purchase behavior [40] [41]. The conjoint
analysis helps researchers to discover how
customers make tradeoffs among alternatives [42].

Table 1. Demographic profile of respondents

All the analyses were conducted with IBM-SPSS,
Statistics software Version 20.0.

4. Results
4.1. Sample Characteristics

There was almost a balanced gender distribution
across the survey participants, where 56,8% were
male, and 43,2 % were female. The participants
were mainly younger, with 33.1% between the ages
of 18-24 and 31,0 % between the ages of 25-34.
Further demographic profile and travel-related
characteristics of the sample are shown in Table 1.

Category Variable Frequency (#) Percentage (%)
Female 184 43,19%
Gender Male 242 56,81%
Total 426
18-24 141 33,09%
25-34 132 30,99%
Age 35-44 57 13,38%
g 45-54 38 8,92%
55-65 58 13,61%
Total 426
Single 266 62,44%
. Married 156 36,62%
Marital Status Other 4 0.94%
Total 426
Mostly for holiday 247 58%
and leisure
Equally for holi
Purpose of Travel  Caually for holiday 113 26,53%
and business
Mostly for business 66 15,49%
Total 426
Mostly domestic 197 38,86%
el 4 33.80%
Flight Type Mostl
. Y 85 19,96%
international
Total 426
0-5 times / year 195 45,8%
6-15 times / year 144 33,8%
- i 0,
Flight Frequency 16-25 times / year 47 11%
More than 26 times 40 9.4%
[ year
Total 426
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4.2. Passenger Preferences
4.2.1. Food & Beverage (F&B) Preferences

"Restaurants” and "Coffee shops" were listed as
the respondents' most preferred F&B options. In
addition, the results revealed that female
respondents would like to have "Coffee shops",
"Bakeries and Patisseries”, and "Restaurants
serving special requests” at the airports more than
male respondents (Table 2).

Table 2. Mean Comparison of Food & Beverage
Options based on Gender

Gender Mean
Female  4,5707
Restaurants (casual-dining and
fast-food)* Male 4,4793
Total 4,5188
Female  4,5272
Coffee shops* Male 4,3512
Total 4,2772
Female  4,3587
Bakeries and Patisseries* Male 4,1364
Total 4,2324
Restaurants serving special Female  4,2500
requests (e.g., gluten-free or Male 3,9091
vegan products)* Total 4,0563
Female  3,5326
Bars / Pubs Male 3,6570
Total 3,6033

*Mean difference significant at 0.05 value

Respondents traveling "Mostly domestic"
(M=3,37, SD=1,16) preferred "Bars / Pubs" at the
airports more than respondents traveling "Equally
domestic and international”, (M=3,68, SD=1,15)
and "Mostly international” (M=4,00, SD=1,023).
Then, respondents travelling with a higher
frequency - 6-15 times (M=3,82, SD=1,08) and 16-
25 times (M=3,98, SD=1,05) in a year - preferred
"Bars / Pubs" more than respondents travelling 0-6
times in a year (M=3,32, SD=1,14).

Among the three restaurant options, "Fast-food
restaurants" were ranked first in the list with a 1,85
mean ranking score. In addition, the results revealed
that male respondents were more likely to prefer
“Fast-food restaurants”
respondents (Table 3).

compared to female

Table 3. Mean Comparison of Food & Beverage
Options based on Gender

Gender Mean
Female  1,9511
Fast-food restaurants (e.g., Burger
King, McDonald's, KFC)* Male 17645
Total 1,8451
Casual Dining Restaurants (e.g., ~ Female  1,8967
Midpoint, Cookshop, Happy Male 2,0413
Moons) Total  1,9789
Female  2,1522
Buffets or Vending Machines Male 2,1942
Total 2,1761

*Mean difference significant at 0.05 value

Table 4. Comparison of Mean Cuisine Ranking
Scores based on Gender

Gender Mean

Female 2,8424
Home-cooked Turkish meals  pale 2,9008

Total 2,8756

Female 3,1902
Fast —food (Hamburger, pizza, . 3,2438
etc.)

Total 3,2207

Female 3,3098
Medl.terranean Cuisine (ltalian, Male 3,8182
Spanish, etc.)*

Total 3,5986

Female 4,0054
Turkish Kebab meals* Male 34504

Total 3,6901

Female 5,0489
European Cuisine (French, Male 4,9711
German, etc.)

Total 5,0047

Female 5,2826
South_ American _Cmsme Male 5,5909
(Mexico, Argentina, etc.)

Total 5,4577

Female 5,9130
Far East Cuisine (Thai, Chinese, Male 6,0372
etc.)

Total 5,9836

. N Female 6,4076

Middle Eastern Cuisine
(Lebanese, Israeli, etc.) * Male 29876

Total 6,1690

*Mean difference significant at 0.05 value
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The results of the cuisine comparison revealed
that "Home-cooked Turkish meals", "Fast-food",
and "Mediterranean cuisine” were ranked highest in
the list with 2,88, 3,22, and 3,60 mean ranking
scores, respectively. In addition, the findings
revealed that female respondents were more likely
to prefer "Mediterranean Cuisine" compared to
male respondents. In contrast, male respondents
were more likely to prefer "Middle Eastern Cuisine"
and "Turkish Kebab meals" compared to female
respondents (Table 4).

In terms of marital status, the findings revealed
that single respondents (M=2,98, SD=2,33) were
more likely to prefer "Fast — food" than married
respondents (M=3,57, SD=2,43). In addition, in
terms of travel type, respondents traveling "Mostly
domestic" were less likely to prefer "Far East
Cuisine™ and more likely to prefer "Turkish Kebab
meals" compared to respondents traveling "Equally
domestic and international”, and "Mostly
international”. Moreover, respondents traveling
"Mostly international" were less likely to prefer
"Home-cooked Turkish meals" and "Fast-food",
and more likely to prefer "Mediterranean Cuisine"
compared to respondents traveling "Equally
domestic and international”, and "Mostly domestic"
(Appendix A).

Travel purpose was also impacting the
preferences: Respondents traveling "Mostly for
business" were more likely to prefer "Middle
Eastern Cuisine” compared to respondents traveling
"Mostly for holiday", who, in contrast, preferred
"Fast-food" (Appendix B).

4.2.2. Shopping Preferences

The majority of the respondents (61%) preferred
"Department Stores” over "Brand Stores". In
addition, the data revealed that the majority of male
respondents participated in this preference with
67%, while for female respondents, the ratio was
more equally distributed (Table 5).

Table 5. Department Stores vs. Brand Stores
Crosstabulation

Department Brand Total
Stores Stores
95 89
Female (52%) (48%) 184
Gender
Male 163 79 242
(67%) (33%)
Total 61% 39% 426

The answers to the apparel brand question reveal
that the "Premium brands” option was ranked first
in the list with a 1,74 mean ranking score. In
addition, the data showed that male respondents
were more likely to prefer "Value brands" compared
to female respondents (Table 6).

Table 6. Comparison of Mean Apparel Brand
Option Ranking Scores based on Gender

Gender Mean
Female 1,6739
Premium brands Male 1,7934
Total 1,7418
Female 2,2500
Value brands* Male 1,9917
Total 2,1033
Female 2,0761
Luxury brands Male 2,2149
Total 2,1549

*Mean difference significant at 0.05 value

In addition, single respondents (M=2,07,
SD=0,82) were more likely to prefer "Luxury
brands" compared to married respondents (M=2,28,
SD=0,85). In contrast, married respondents
(M=1,87, SD=0,81) were more likely to prefer
"Value brands" compared to single respondents
(M=2,24, SD=0,85).

Among various product options, respondents
were more likely to buy "Alcohol and tobacco”,
"Cosmetics and perfumes”, and "Souvenirs". In
addition, the data revealed that female respondents
were more likely to buy "Cosmetics and perfumes”,
"Clothing and shoes”, "Jewelry", and "Books and
stationery products” compared to male respondents
(Table 7).
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Table 7. Mean Comparison of Product Options
based on Gender

Gender Mean
Female 3,9185
Alcohol and Tobacco Male 4,0289
Total 3,9812
Female 4,033
Cosmetics and Perfumes* Male 3,599
Total 3,786
Female 3,6576
Souvenirs Male 3,6157
Total 3,6338
Female 3,2663
Local Food (e.g., Turkish delight) Male 3,2645
Total 3,2653
Female 2,8043
Clothing and Shoes* Male 2,4628
Total 2,6103
Female 2,5163
Jewelry* Male 2,1818
Total 2,3263
Female 2,8967
Technological products Male 2,9793
Total 2,9437
Female 2,5217
Sports equipment Male 2,4504
Total 2,4812
Female 3,2880
Books and Stationery Products* Male 2,9256
Total 3,0822

*Mean difference significant at 0.05 value

In terms of travel type, respondents traveling
"Mostly domestic were less likely to buy
"Cosmetics and Perfumes” and Alcohol and
Tobacco™ compared to respondents traveling
"Equally domestic and international™ and "Mostly
international”. In addition, respondents traveling
"Mostly domestic" were less likely to buy
"technological products” compared to respondents
traveling "mostly international” (Appendix C).

The majority of all respondents with 70%
coverage preferred a separate shopping street over
walk-through shops on the way to the gate (Table
8).

Table 8. Gender * Separate shopping street vs.
Walk-through Shop Crosstabulation
Shopping area preference

Separate Walk-through
Gender shopping street  Shop
Female 65% 35%
Male 73% 27%

4.2.3. Activities & Services Preferences

Among various activities and service options
offered, respondents were more likely to pay for
"Free internet usage areas", "Quiet areas", and
"Designated areas for sleeping". In addition, female
respondents were more likely to buy "Designated
areas for sleeping”, "Yoga and meditation areas",
"Gardens, green natural areas"”, "Library", " Play &
gaming areas", "Free internet usage areas", and
"Quiet areas" compared to male respondents (Table
9).

Respondents traveling "Mostly for holiday"
were more likely to buy "Movie theatre" compared
to respondents traveling for other purposes. Also,
respondents traveling "Mostly for holiday" were
more likely to buy " Play & gaming areas", "Free
internet usage areas", and "Quiet areas" compared
to respondents traveling "Mostly for business".
Moreover, respondents traveling "Mostly for
business" were less likely to buy "Designated areas
for sleeping™ compared to respondents traveling for
other purposes (Appendix D).

Lastly, in terms of travel type, respondents
traveling  "Mostly international” (M=3,96,
SD=0,98) were less likely to buy " Play & gaming
areas" compared to respondents traveling "Equally
domestic & international” (M=4,26, SD=0,82) and
"Mostly domestic" (M=4,34, SD=0,77).
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Table 9. Mean Comparison of Activities &
Services Options based on Gender

4.3. Conjoint Analysis

In order to determine the relative importance of

Gender e factors that affect passengers’ airport purchase
Female 4,8478 i 0 i
Free Internet Usage b_ehawor, a C(?njomt analysis Wa§ condugted. The
Areas* Male 4,6570 different options of four attributes, including
Total 4,7394 Restaurant type (Casual dining restaurants, Fast-
Female 4,7283 food restaurants, and Buffets or vending Machines),
Quiet Areas™ Male 4,5083 Store type (Brand stores and Department stores),
Total 4,6033 Brand type (Luxury brands, Premium brands, and
Female 4,5543 i
Designated Areas for Value brands), and Layout (Sho_pplng Street a}nd
Sleeping™ Male 4,3719 Walk-through shops) were examined. As the first
ping .. . -
Total 4,4507 step of the conjoint analysis, the combination of
Female 4,4239 factor levels was demonstrated by an orthogonal
Gardens, Green Natural o
Areas* Male 4,2397 table [43]. The complete set of combinations
Total 4,3192 (Restaurant Type x Store Type x Brand x Layout)
Female 4,4022 included a set of 36 cards (3x2x3x2), all of which
Play & gaming areas Male 4,1198 were included in the analysis. By using a fractional
Total 4,2418 factorial design, all of these cards were presented in
Female 4,2989 Appendix E.
Library* Male 4,0165 After the survey had been completed,
Total 4,1385 respondents' preferences were coded into SPSS as
Female 3,9293 the next step through a procedure called dummy
Shower Areas Male 3,9504 coding. For each question, the dummy variable took
Total 3,9413 on the value 1 for the selected option or if the
Female 3,8478 respondent ranks it as the first option; and the
Art and Museum Male 3,7479 dummy variable took on the value Ofor the
Exhibitions Total 37911 unselec_ted options, or if the _respondent does not
Female 3,5815 rank I_lt t_as tr;[hte 'ﬂLstth option. O;ettE.otent_la'I[
Massage and Spa Center  Male 3,4587 comp |ce} 1on that might have occurre ? 1S pqln
was a linear dependency among options which
Total 3,6117 .. . . .
makes it impossible to predict an independent
. Female 3,5761 . S
Yoga and Meditation variable for each level [44]. In order to avoid this
Male 3,1446 . .
Area* problem, one option for each attribute was deleted.
Total 3,3310 e ,
Eeral 30924 After specifying each respondent's preference score
emale ’ as a dependent variable and four dummy-coded
Gym Male 3,0000 attributes as independent variables, regression
Total 3,03%9 analysis was computed on SPSS. Since in conjoint
Female 3,0000 analysis, respondents’ total utility for product or
Movie theater Male 2,9174 service stands for their part-worth utilities, it needed
Total 2,9531 to be estimated for each attribute. In this study,
c L Female 2,9293 ordinary least squares (OLS) regression was used to
oncert 7 LIve Male 2,9091 estimate part-worth utilities (Table 10).
Performance
Total 2,9178

*Mean difference significant at 0.05 value
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Table 10. Path-worth Utilities and their
Contribution to the Total Utility

Relative
Attribute Utilities Importance

Layout
Shopping Street 10,098
Walking-through 42,31%
Street -10,098
Restaurant Types
Fast-food Restaurants 3,235
Casual Dining
Restaurants ,969 25,04%
Buffets or Vending
Machines -4,204
Store Types
Brand Stores 5,695 23.87%
Department Stores -5,695
Apparel Brand Types
Luxury Brands -3,559
Premium Brands 2,900 12,15%
Value Brands ,659

Part-worth utilities indicated that layout was the
most effective factor in the preferences of the
passengers, with 42,31% part-worth scores. It was
followed by restaurant types, store types, and
brands, with part-worth scores 25,04%, 23,87%,
and 12,15%, respectively. Furthermore, after over
standardized  part-worth's  were  calculated,
Shopping Street x Fast-food Restaurants x Brand
Stores x Premium Brands was the most selected
combination (29 out of 426 participants). The utility
of this combination was equal to 1.

5. Discussion & Recommendations

The results of the conjoint analysis revealed that
the most important factor in the airport shopping
decision process of passengers had been the layout
of stores, followed by restaurant types, store types,
and brand types. In addition, the conjoint analysis
revealed that the majority of the participants
preferred "fast-food restaurants” for F&B with the
possibility to spend time in “brand stores” buying
“premium brands” within a “shopping street”. This
finding can be utilized in the planning of the airport
shopping area. However, the individual analysis of
each attribute reveals more insights into the choices
of passengers.

At airport shopping areas, which have different
characteristics compared to traditional shopping
areas, passengers prefer "shopping streets" where
shops are located in designated areas instead of a
"walk-through” layout. So, Wu and Chen’s [20]
utilization of paths to the gates is not preferred, and
apparently, passengers do not want to be forced to
pass through the shopping areas. They would like to
spend time in a dedicated shopping area, away from
the mandatory travel processes. Therefore, the
shopping area planning should be done considering
this layout preference.

The second most influential factor in the
preferences of the passengers was the restaurant
types. Accordingly, passengers preferred fast-food
restaurants over casual dining restaurants and
buffets, and vending machines. This may mean that
passengers prefer convenient, standardized, and
low-cost meals offered by the “efficient
environment" based on Rezende and Sivla’s [30]
F&B classification. Looking at the gender-based
results, male customers valued fast-food options
more than female passengers. This finding confirms
Snipes et al.’s [29] study, which highlighted the
impact of passengers' gender on F&B services.
Although Lee, Cho, and Ahn [28] found that
younger travelers value cheaper F&B options -
implying the fast-food - there was no distinction
among different age groups with respect to this
preference. Therefore, it is recommended that
airport management prioritize fast-food restaurants
and offer a wide range of such options considering
the high frequency of male and/or younger air
travelers.

In terms of F&B preferences, the most preferred
option by the passengers were restaurants, coffee
shops, and bakeries. The findings are in line with the
common approach followed by many airports,
including the Istanbul airports, as these F&B
options are the most widespread ones. Based on the
gender comparison, female passengers were more
likely to prefer special service restaurants compared
to male passengers. Thus, a limited number of
special restaurants serving gluten-free products or
vegan products might be provided to cover the
demand of female passengers. Alternatively, hybrid
offerings with a mix of such special offerings within
classical menus can be encouraged by airports.
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Based on the type of travel comparison, bars/
pubs were preferred by passengers who are flying
mostly domestic. In addition, the results reveal that
frequent flyers were more likely to choose
bars/pubs. Thus, the airport management may invest
in bars/pubs in the domestic terminal and provide
special promotions to frequent flyer domestic
passengers.

Among all the cuisine options, home-cooked
Turkish meals, fast-food, and Mediterranean cuisine
were the most preferred options, whereas Middle
Eastern, Far East, and South American cuisines
were the least preferred ones. These findings should
be respected while planning restaurant concessions.
Particularly, there are limited cuisine options at both
Istanbul airports [45] [46]. Therefore, the airports
may launch restaurants that offer Mediterranean
cuisine in the international terminals as this option
is preferred mostly by international passengers. In
the domestic terminal, a local cuisine restaurant
involving Turkish kebab options might be provided
to customers.

The findings revealed differences in the
preference  of passengers with  different
demographics. For instance, according to the
findings, female passengers were more likely to
prefer Mediterranean cuisine, whereas male
passengers preferred Middle Eastern Cuisine and
Turkish Kebab meals. In addition, single customers
were more likely to prefer fast-food restaurants
compared to married ones. Moreover, passengers
traveling mostly for business preferred Middle
Eastern cuisine, and those traveling mostly for
holiday preferred fast-food option. Considering the
findings, airport management may offer promotions
targeting passengers with different profiles.

The third most effective factor in the preferences
of the passengers was the store types. Passengers
preferred department stores over brand stores. Still,
both Istanbul airports invest in individual brand
stores rather than department stores [45], [46]. For
this reason, instead of having separate brand stores,
both airports may give a higher priority to
department stores that are popular in Turkey.

Finally, the least important factor in passengers'
preference was the brand types. Accordingly,
passengers valued premium brands over affordable
and luxury brands. The examples of such brands in

Turkey are Marks & Spencer, Mango, and Network.
Based on the marital status comparison, single
passengers were more likely to prefer "Luxury
brands", whereas married respondents were more
likely to prefer "Value brands". In addition, the
findings revealed that male respondents were more
likely to prefer value brands compared to female
respondents. Although brand type has less impact
on respondents' airport shopping preferences
compared to other attributes, the planning of the
stores can be enhanced by respecting the revealed
preferences.

In terms of shopping preferences, alcohol,
cosmetics, and souvenirs were the most preferred
products by the passengers. This is totally in line
with the traditional airport duty-free offerings. In
general, female customers were more likely to
spend money on many items mentioned, e.g.,
cosmetics and perfumes, clothing and shoes,
jewelry, books, and stationery products.
Consequently, the promotions should primarily
target female passengers.

In terms of the activities and services provided at
the airport, the most preferred options were the free
internet usage areas, quiet areas, designated areas
for sleeping, green & natural areas, and play &
gaming areas. The least preferred options were
concert / live performance, movie theater, gym,
yoga and meditation areas, massage and spa centers,
art and museum exhibitions, and shower areas. The
following practical implications might also be
useful for Istanbul airports: Istanbul New Airport
offers sleeping pods, quiet areas, one-hour free Wi-
fi, and an airport library to its passengers. The
airport also invested in spa and shower facilities,
museums, and exhibitions [45]. There are, however,
no green places and play & gaming areas at the
airport. Thus, the airport management may consider
investing in gardens, green, natural areas, and play
& gaming areas for enhancing passenger experience
as these options were more preferred than spas,
shower facilities, museums, and exhibitions. In
addition, Sabiha Gokgen Airport offers free Wi-fi,
and sleep cabins/resting units to its customers [46].
Considering the most preferred options, the airport
might consider investing in green and natural areas,
airport library, and play & gaming areas. Instead of
investing in the least preferred facilities, both
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airports should increase the number of most
preferred options, such as the sleeping units,
quiet/resting areas, and extend the time of free Wi-
fi. Also, the findings revealed that passengers
traveling mostly for holiday were more likely to
prefer movie theatres, play & gaming areas, free
internet usage areas, and quiet areas. Therefore, the
airports should make special offers suited to
different passenger profiles.

6. Conclusion

The purpose of the study was to identify
passengers' shopping, dining, and entertainment
preferences at the airports and to distinguish
between different passenger typologies subject to
their preferences among different alternatives. In
addition, the study aimed to determine the relative
importance of the factors that affect passengers’
airport purchase behavior. The results aimed to offer
the ideal combination of shopping, F&B, and
entertainment offerings at the airport. The
recommendations provided here would not only
help airport planners to increase their non-
aeronautical revenues but also enhance passenger
experience at the airport. This study has some
limitations as all studies. Most importantly, the
revealed passenger preferences just give an idea,
and they might not turn into actual shopping
behavior. Thus, the results should be compared and
evaluated considering the passengers' actual
spending behavior and numeric indicators such as
revenue data from the concessions. Secondly, the
sample of the study includes only Turkish
passengers. For future studies, the same survey can
be conducted to transit passengers from different
countries and cultures to paint the differences
between cultural differences in the preferences.

This study also aimed to make a valuable
contribution to the airport business with its context-
independent findings. Airports tend to imitate other
airports’ structures and offer similar commercial
facilities. However, understanding whether the
passengers would value those offerings is essential.
Investing in the correct offerings is crucial for
airports to avoid unnecessary costs, increase non-
aeronautical revenues, and enhance passenger
experience. Each airport serves unique passenger
groups with different profiles. Therefore, a service

preferred by passengers at one airport may not be
preferred at another one. In fact, within the same
airport, different passenger profiles might value
other offerings. Consequently, each airport should
conduct their own research and make their
shopping, F&B, entertainment, and retail layout
planning accordingly. The airport management
should consider the findings while making activity
and service offerings. In addition, the results should
be used to provide special offers suited to different
passenger profiles. In short, conducting context-
based passenger behavior studies is critical for
effective airport concession management.

It should also be noted that an important factor
that determines the consumption preferences of
passengers at the airports is the price of goods and
services provided. The findings of this study
whereas just reveal the preferences of passengers
without considering their willingness to pay (WTP)
levels for the provided options. With a further study,
it would be worth to assess the WTP level of
passengers to see how the price of the goods and
services provided would shape their preferences. In
essence, offering right pricing is crucial to ensure
that the preferences of passengers turn into actual
consumption behaviors.
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Appendix A. Comparison of Cuisine Ranking Scores Based on Type of Travel

. 1) Type of . .
Dependent Variable 'Erlveylp (J) Type of travel Mean Difference (I-J)  Std. Error Sig.
Equally Domestic 70498" 23466 008
o Mostly & International
Far East Cuisine Domestic Mostl
y . 1,20311" 27776 ,000
International
Mostly Domestic ,62359" ,24134 ,030
Home-cooked Mostly Equally Domestic
Turkish meals International quatly B¢ 59387 25437 060
& International
Equally Domestic 54318 21196 032
: Mostly & International
Turkish Kebab meals Domestic Mostl
y -,91042" 25089 001
International
Mostly Domestic 1,01385" ,30742 ,003
Mostly .
Fast — fi . Equally D .
ast—food International Qually Domestic 77933 32402 050
& International
Mostly Domestic -1,09710" ,22581 ,000
Mediterranean CuisineMOStIy Equally Domestic
International quatly - 72239" 23800 008

& International

Appendix B. Comparison of Cuisine Ranking Scores Based on Type of Travel

Dependent Variable

(1) Travel purpose (J) Travel purpose

Mean Difference (I-J) Std. Error Sig.

Middle Eastern Cuisine Mostly Business

Fast — food

Mostly Holiday

Mostly Holiday
Mostly Business

Equally Holiday & Business

-,61894" ,22896 ,021
-,83225" ,26667 ,006
-1,20139" ,32536 ,001

Appendix C. Mean Comparison of Product Options based on Type of travel

Dependent Variable

(1) Type of travel (J) Type of travel

Mean Difference (I-J) Std. Error Sig.

Cosmetics and Perfumes Mostly Domestic

Alcohol and Tobacco

Technological products

Equally Domestic &
International

Mostly International
Equally Domestic &
International

Mostly Domestic

Mostly International

Mostly Domestic  Mostly International

-,5600" ,1113 ,000
-,4739" ,1317 ,001
-,46990" ,12734 ,001
-,55993" ,15072 ,001
-,40973" ,14830 ,018
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Appendix D. Mean Comparison of Activities & Services Options based on Travel Purpose

Dependent Variable (1) Travel purpose (J) Travel purpose  Mean Difference (I-J) Std. Error Sig.
Movie theater Mostly Holiday Mostly Business ,35358" ,14426 ,044
Mostly Holiday -,32830" ,10475 ,006

Designated Areas for Sleeping Mostly Business .
Equally Holiday & -29606° 11712 ,036

Business
Play & gaming areas Mostly Holiday Mostly Business ,31475" ,11647 ,021
Free Internet Usage Areas Mostly Holiday Mostly Business ,26322" ,09298 ,015
Quiet Areas Mostly Holiday Mostly Business ,25997" ,10120 ,032
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Appendix E. Full Factorial Design

Card Restaurant Store ARG
ID  Types Types Brand Layout
Types
Fast-food Brang  Lremiu  Walk-
! Restaurants  Stores m through
Brands Shops
Buffets or Premiu .

2 vewng  Zond St
Machines Brands g
Fast-food Depart  Premiu  Walk-

3 Restaurants ment m through

Stores Brands Shops
Fast-food Depart Value Shoppin

4 ment

Restaurants Brands g Street
Stores
Casual Depart Value Walk-

5 Dining ment Brands through
Restaurants  Stores Shops
Buffets or Depart .

o Veng e Ve S
Machines Stores g
Casual Walk-

7 Dining gtr;[:ai Iél:::gz through
Restaurants Shops
Cz_alspal Brand Value Shoppin

8 Dining

Stores Brands g Street
Restaurants
Fast-food Brand Premiu Shoppin
9 m
Restaurants  Stores g Street
Brands
Buffe_ts or Brand Value Shoppin
10 Vending
. Stores Brands g Street
Machines
Fast-food Depart Luxury  Shoppin
11 ment
Restaurants Brands g Street
Stores
Cgsyal Brand Luxury  Shoppin
12 Dining
Stores Brands g Street
Restaurants
Depart Walk-

13 Fast-food ment Luxury through

Restaurants Brands
Stores Shops
Casual Premiu Walk-

14 Dining gt?rr:eds m through
Restaurants Brands Shops
Fast-food Depart  Premiu Shoppin

15 Restaurants ment m Street

Stores Brands g
Buffets or Walk-

16 Vending gtr:rli g?;ﬁgs through
Machines Shops
Buffets or Depart  Premiu Walk-

17 Vending ment m through
Machines Stores Brands Shops

18 Fast-food Brand Value Shoppin
Restaurants  Stores Brands g Street
Fast-food Brand  Luxury Walk-

19 through
Restaurants  Stores Brands

Shops

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Buffets or
Vending
Machines
Casual
Dining
Restaurants
Buffets or
Vending
Machines
Casual
Dining
Restaurants
Fast-food
Restaurants
Buffets or
Vending
Machines
Buffets or
Vending
Machines
Casual
Dining
Restaurants
Buffets or
Vending
Machines

Fast-food
Restaurants

Casual
Dining
Restaurants

Fast-food
Restaurants

Buffets or
Vending
Machines
Casual
Dining
Restaurants
Casual
Dining
Restaurants
Buffets or
Vending
Machines
Casual
Dining
Restaurants

Depart
ment
Stores

Brand
Stores

Depart
ment
Stores
Depart
ment
Stores
Brand
Stores
Depart
ment
Stores
Depart
ment
Stores
Depart
ment
Stores

Brand
Stores

Brand
Stores

Depart
ment
Stores
Depart
ment
Stores

Brand
Stores

Depart
ment
Stores

Brand
Stores

Brand
Stores

Depart
ment
Stores

Luxury
Brands

Value
Brands

Premiu
m
Brands

Value
Brands

Luxury
Brands

Luxury
Brands

Value
Brands

Premiu
m
Brands

Luxury
Brands

Value
Brands

Luxury
Brands

Value
Brands

Luxury
Brands

Luxury
Brands

Premiu
m
Brands
Premiu
m
Brands
Premiu
m
Brands

Shoppin
g Street

Walk-
through
Shops

Shoppin
g Street

Shoppin
g Street

Shoppin
g Street
Walk-
through
Shops
Walk-
through
Shops

Shoppin
g Street

Shoppin
g Street

Walk-
through
Shops

Shoppin
g Street

Walk-
through
Shops
Walk-
through
Shops
Walk-
through
Shops

Shoppin
g Street

Walk-
through
Shops
Walk-
through
Shops
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Abstract

Today, a significant part of airports' revenues is derived from support services such as retail stores, food and beverage
(F&B) services, and entertainment activities. These services are also vital for enhancing passenger experience, which
plays a major role as arbiter of airport success. There are different typologies of passengers, and a successful airport must
deliver an optimal service mix to satisfy the needs of different passenger typologies. This requires an adequate
transformation of the voice of the customer with respect to different profiles. Hence, the first aim of this study is to
distinguish the preferences of different passenger profiles at airports by examining their choice of retail stores, F&B
services, and entertainment activities. The second aim of the study is to determine the relative importance of factors that
affect passengers’ airport purchase behavior and transform them into recommendations for distinct airport strategies.

Keywords: Airport management, Shopping preferences, Conjoint analysis

1. Introduction commercial facilities embody a solid need for
airports as a means of both increasing revenues and
passenger satisfaction [5].

The demographics of the passengers can have a
significant impact on their spending behavior and
consequently on the volume and nature of
commercial airport facilities [6]. This is particularly
setting up a new challenge for the airport
management: determining the right product mix to
fulfill the preferences of different passenger
typologies with different demographic
characteristics. This requires the transformation of
the customers' voice belonging to different
typologies. Consequently, the first aim of the study
is to identify passengers' preferences of commercial
services, including retail stores, F&B services, and

Airports have evolved from basic transportation
systems into complex systems, including various
commercial facilities such as retail stores, food and
beverage (F&B) services, and entertainment
activities [1]. Commercial facilities have a
noticeable impact on the revenue streams of
airports. According to a report published by
Airports  Council International (ACI), non-
aeronautical revenue represented 39.9% of total
airport revenues in 2017 [2] and is expected to
represent a major revenue stream in the upcoming
years [3]. In addition, commercial facilities with a
good quality and a wide range of offerings within an
appropriate mix enhance the passenger experience
[4]. Thus, diversification and increase of
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entertainment activities, and to understand the
impact of different passenger typologies on their
preferences. The second aim of the study is to
determine the relative importance of factors that
affect passengers’ airport purchase behavior.

2. Terminal Shopping Behavior at Airports

Passengers usually arrive at airports earlier than
their flight time and spend at least an hour waiting
inside the terminals [7] [8]. The waiting time can be
longer for transit passengers or in the case of
delayed or canceled flights. In addition, with recent
developments in technology, passengers spend less
time in the processing areas such as check-in,
security screening, and customs. Moreover,
technology allows passengers to receive instant
updates about the status of their flights so that they
can spend more time in concessions areas to shop or
use other available services [9] [10]. Shopping or
engaging in other activities helps passengers spend
better time during their stay at the airport [11].
Therefore, commercial activities have to be
organized in such a way that passenger experience
is improved, especially for those who spend a
relatively long time waiting at the airport [12]. This
can be managed by offering a wide range of
products and services tailored to the needs of
different passenger typologies. The most common
commercial activities offered at airports are retail
stores, food & beverage (F&B) services, and leisure
activities [10].

2.1. Retail Shopping at Airports

The largest non-aeronautical revenue source for
airports is retail, with 30,2% [2]. Besides its
financial importance, the retail environment also
contributes to the passenger experience. Passengers
reduce their travel-related stress by spending time in
the retail area [13]. In addition, retail shops are also
effective tools for creating a cultural impression of
the airport region [14]. Therefore, retail areas have
been focal points while designing the airports [15].

Understanding passengers' expectations and
behavior are crucial for offering them the right
product mix [16]. There are different factors
affecting the purchase behavior of passengers in the
airport retail environment, such as the demographic
profiles of the passengers, i.e., gender, income level,
and trip-related characteristics, i.e., travel purpose

[1], [17]. In addition, passengers’ familiarity with
the shopping environment impacts their shopping
behavior, which relates mainly to frequent flyers for
business purposes [18]. Moreover, there is a direct
relationship between product variety offered at the
retail areas and the passengers' purchase behavior
[17]. It is crucial for a successful airport retail
performance to map and match the factors affecting
the purchase behavior and the retail offerings.

2.2. Airport Layout

The features of the shopping environment,
including its location and size, appeal to different
senses of consumers and cause them to perceive
their shopping experiences differently [19]. Studies
have found that the location and arrangement of the
shops are crucial for managing passengers’
spending behavior [20]. Today, many airports
strive to use the limited terminal area wisely [21] to
maximize their revenues [22]. For example, big
stores are mostly located at the center of the
passenger terminal, and smaller stores are placed
close to the boarding gates [20]. In addition, unlike
traditional shopping malls, there is a unique
passenger flow at airports, where passengers have
to complete mandatory steps at check-in and
security control and follow a certain path to reach
gates [23]. Thus, at many airports, service providers
have turned these mandatory flows into an
opportunity and developed walk-through store
concepts on the passenger paths to the gates [20].

2.3. Food and Beverage (F&B) Services at
Airports

Food and beverage (F&B) services are essential
parts of non-aviation revenues at airports and have
crucial effects on passenger experience [24].
Passengers are not only affected by the quality and
taste of the F&B offerings [25] but also by the
servicescapes, which include the physical
characteristics and ambiance of the F&B
environment as well as the interaction with the
service employees [26]. Studies have found that
passengers’  sociodemographic  characteristics
influence their attitude towards F&B services [27].
For instance, while younger customers tend to be
price-sensitive in their F&B selections, elderly
customers seek intangible qualities such as
employee performance [28]. Also, women give
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more importance to staff performance and service
processes than men in the F&B areas [29].
Consequently, the F&B strategy of airports has to
consider and respect different passenger profiles’
expectations and needs.

Rezende and Sivla [30] categorized F&B service
providers into six main groups in terms of the
experience offered. Accordingly, the first service
group includes places like Irish pubs, which provide
an  authentic  environment  with  unique
characteristics based on tradition or culture. The
second group offers a more relaxed atmosphere,
where food diversity is not necessarily a priority and
where people can meet others or work alone. Coffee
shops such as Starbucks are examples of such
places. The third group is defined as "all you can
eat" places that offer a wide range of unlimited food
options. The fourth group creates "a home feeling"
to customers by providing a cozy atmosphere and
warm relations through their staff. The fifth group
is called "efficient environment”, which mainly
involves fast-food chains. These types of food
restaurants offer convenient, standardized, and low-
cost meals to customers. The last group provides
high-quality food and high service standards with
distinct environment concepts.

2.4. Leisure Activities and Related Amenities at
Airports

Airports are experiencescapes, where the
experience is created through a variety of leisure
entertainment facilities [31]. The correct selection
of the facility mix at airports is an important task to
maximize customer satisfaction and non-
aeronautical revenue [18]. Many international
airports have been exerting considerable efforts to
respond to the needs of the passengers who value
different amenities and concession offerings [11]
[1] [2]. They aim to transform traditional terminals
into commercial hubs with an enormous array of
services, attractions, and recreational areas such as
internet centers, gyms/ health clubs, shower rooms,
spa, massage and beauty treatment centers, silent
areas, sleep boxes, yoga rooms, swimming pools,
play & gaming areas for kids and adults, cinemas
and movie theaters, aquariums, libraries, live music
and performances, art museums and exhibitions,
and green areas and gardens [32]. These facilities

help to enhance passenger experience by
entertaining travelers who have plenty of time to
roam around and wait for their flight, creating a
peaceful, relaxing environment and helping
passengers in relieving tension, stress, and ennui of
traveling, and help them make better use of their
time.

2.5. Research Gap

There are different typologies of passengers with
different characteristics. Knowing exactly how
these passenger typologies would like to spend their
time at the airport and their shopping, dining, and
entertainment preferences would help airports make
the right investments in the right facilities. This
insight can also lead to the optimization of the
airport facility mix offered to different passenger
profiles. Although several studies have been
conducted on passengers' shopping preferences of
non-aeronautical services at airports [ [6], [33], [34],
there has been little research on F&B preferences of
passengers. In addition, there have been limited
studies exploring the leisure activity preferences of
passengers. Considering the research gap, the first
aim of this study is to identify passengers'
preferences of retail stores, F&B services, and
leisure and entertainment activities and to
distinguish between different passenger typologies
subject to their preferences among different
alternatives. The second aim of the study is to
determine the relative importance of factors that
affect passengers’ airport purchase behavior.

3. Methodology

A survey for the airport shopping behavior was
developed based on the literature review and the
most recent trends in terminal concessions followed
by top-ranking airports worldwide. The top 20
airports were identified by Skytrax [35], which is a
UK-based international airport review and ranking
site. Then, the latest customer service improvement
and innovations were reviewed with regard to
dining, shopping, and entertainment. Furthermore,
while developing the survey, a small group of
international aviation professionals, including two
airport managers and three academicians with a
cumulative experience of 52 years, were consulted.

267



.,’A I/e—ISSN:2587-1676

5 (2): 265-281 (2021)

3.1. Survey Design and Measurement

The questionnaire was divided into four
sections. The first part collected data about
participants' food and beverage preferences at the
airport. In the first question of Part 1, the
participants were asked to what extent they think
different food & beverage options should be at the
airport (e.g., coffee shops, restaurants, or pubs).
Answers were collected by a 5-point Likert scale
[1=no preference; 2=slightly prefer; 3=prefer;
4=strongly prefer; 5=very strongly prefer]. In the
second question of Part 1, respondents were asked
to rank three eating options (casual dining
restaurants, fast-food restaurants, and buffets or
vending machines) according to their preferences.
The participants were given country-specific brand
examples to make sure that they understand what
each option represents. In the third question of Part
1, participants were asked to rank different cuisine
options that they would like to have at the airports
according to their preference, i.e., Home-cooked
Turkish meals, fast-food, Mediterranean cuisine,
and Far East cuisine.

The second part of the survey involved questions
about participants' shopping preferences at the
airport. In the first question of this part, participants
were asked to indicate whether they prefer brand
stores or department stores. In department stores, a
wide range of consumer goods is offered, where
each department is specializing in a product
category such as clothing, cosmetics, furniture,
home appliances, toys, and houseware. Examples of
brand stores are Debenhams, Selfridges, Macy’s,
Kohl’s, and Nordstorm. Again, the participants
were given well-known country-specific examples
of both options. In the second question of the second
part, participants were asked to rank apparel brand
groups they would like to see at the airport
according to their preferences. Apparel brands are
categorized into three: Luxury brands, premium
brands, and value brands. Luxury brands are non-
essential products that are exclusive, prestigious,
authentic, and expensive [36]. Examples are
Hermes, Chanel, and Burberry. Premium brands
focus on high-quality products and attract
consumers with their strong brand images [37].
Examples are Nike, Under Armour, and Levi’s.
Value brands serve a utilitarian purpose and

promise maximum utility for a minimum price [38]
[39]. Examples are H&M, Forever 21, and
Missguided. The examples of each brand category
provided in the survey were those available and
well-known in Turkey. In the third question of the
second part, participants were asked to indicate the
extent to which they would purchase the listed
products (e.g., cosmetics and perfumes, jewelry,
alcohol and tobacco products, souvenirs, etc.).

The third part of the survey involved questions
regarding participants' preferences about the leisure
and entertainment activities provided at the airport.
The participants were asked to indicate the extent to
which they would prefer different entertainment
activities (e.g., theater, gym, live performances, spa
centers). Participants were asked to provide answers
using a 5-point Likert scale [1=no preference; ....
5=very strongly prefer]. Additionally, in this part,
passengers’ retail layout preference (a separate
shopping street or walk-through shops) was
questioned.

The fourth part of the survey aimed to collect
demographic (e.g., gender, age group) and travel-
related characteristics (e.g., purpose of travel
(business / leisure), type of travel (domestic /
international), and flight frequency) of the
respondents.

Before conducting the survey, twenty pilot
guestionnaires were handed out and pretested to
check whether the wording of the questionnaire is
clear and that the questions can be correctly
understood. Based on the test participants' feedback,
minor changes in the wording of some questions
were made to avoid language confusion or
misinterpretation.

3.2. Survey Sample

This study's target population consisted of
passengers traveling from/to any of the two Istanbul
airports: Istanbul Airport and Istanbul Sabiha
Gokcen Airport. The survey was conducted online
using a non-probability snowball sampling from
February 2020 to April 2020. This method brings an
advantage of collecting data from a hidden
population. A total of 436 questionnaires were
gathered using this process, and after excluding
incomplete responses, a total of 426 valid cases
were used for the analysis.
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3.3. Data Analysis

Descriptive statistics and ANOVA analysis were
conducted to reveal passengers' preferences and
whether these preferences were influenced by the
demographic and travel-related characteristics of
the passengers. In addition, a conjoint analysis was
applied to the data to understand the relative
importance of the factors that affect passengers’
airport purchase behavior [40] [41]. The conjoint
analysis helps researchers to discover how
customers make tradeoffs among alternatives [42].

Table 1. Demographic profile of respondents

All the analyses were conducted with IBM-SPSS,
Statistics software Version 20.0.

4. Results
4.1. Sample Characteristics

There was almost a balanced gender distribution
across the survey participants, where 56,8% were
male, and 43,2 % were female. The participants
were mainly younger, with 33.1% between the ages
of 18-24 and 31,0 % between the ages of 25-34.
Further demographic profile and travel-related
characteristics of the sample are shown in Table 1.

Category Variable Frequency (#) Percentage (%)
Female 184 43,19%
Gender Male 242 56,81%
Total 426
18-24 141 33,09%
25-34 132 30,99%
Age 35-44 57 13,38%
g 45-54 38 8,92%
55-65 58 13,61%
Total 426
Single 266 62,44%
. Married 156 36,62%
Marital Status Other 4 0.94%
Total 426
Mostly for holiday 247 58%
and leisure
Equally for holi
Purpose of Travel  Caually for holiday 113 26,53%
and business
Mostly for business 66 15,49%
Total 426
Mostly domestic 197 38,86%
el 4 33.80%
Flight Type Mostl
. Y 85 19,96%
international
Total 426
0-5 times / year 195 45,8%
6-15 times / year 144 33,8%
- i 0,
Flight Frequency 16-25 times / year 47 11%
More than 26 times 40 9.4%
[ year
Total 426
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4.2. Passenger Preferences
4.2.1. Food & Beverage (F&B) Preferences

"Restaurants” and "Coffee shops" were listed as
the respondents' most preferred F&B options. In
addition, the results revealed that female
respondents would like to have "Coffee shops",
"Bakeries and Patisseries”, and "Restaurants
serving special requests” at the airports more than
male respondents (Table 2).

Table 2. Mean Comparison of Food & Beverage
Options based on Gender

Gender Mean
Female  4,5707
Restaurants (casual-dining and
fast-food)* Male 4,4793
Total 4,5188
Female  4,5272
Coffee shops* Male 4,3512
Total 4,2772
Female  4,3587
Bakeries and Patisseries* Male 4,1364
Total 4,2324
Restaurants serving special Female  4,2500
requests (e.g., gluten-free or Male 3,9091
vegan products)* Total 4,0563
Female  3,5326
Bars / Pubs Male 3,6570
Total 3,6033

*Mean difference significant at 0.05 value

Respondents traveling "Mostly domestic"
(M=3,37, SD=1,16) preferred "Bars / Pubs" at the
airports more than respondents traveling "Equally
domestic and international”, (M=3,68, SD=1,15)
and "Mostly international” (M=4,00, SD=1,023).
Then, respondents travelling with a higher
frequency - 6-15 times (M=3,82, SD=1,08) and 16-
25 times (M=3,98, SD=1,05) in a year - preferred
"Bars / Pubs" more than respondents travelling 0-6
times in a year (M=3,32, SD=1,14).

Among the three restaurant options, "Fast-food
restaurants" were ranked first in the list with a 1,85
mean ranking score. In addition, the results revealed
that male respondents were more likely to prefer
“Fast-food restaurants”
respondents (Table 3).

compared to female

Table 3. Mean Comparison of Food & Beverage
Options based on Gender

Gender Mean
Female  1,9511
Fast-food restaurants (e.g., Burger
King, McDonald's, KFC)* Male 17645
Total 1,8451
Casual Dining Restaurants (e.g., ~ Female  1,8967
Midpoint, Cookshop, Happy Male 2,0413
Moons) Total  1,9789
Female  2,1522
Buffets or Vending Machines Male 2,1942
Total 2,1761

*Mean difference significant at 0.05 value

Table 4. Comparison of Mean Cuisine Ranking
Scores based on Gender

Gender Mean

Female 2,8424
Home-cooked Turkish meals  pale 2,9008

Total 2,8756

Female 3,1902
Fast —food (Hamburger, pizza, . 3,2438
etc.)

Total 3,2207

Female 3,3098
Medl.terranean Cuisine (ltalian, Male 3,8182
Spanish, etc.)*

Total 3,5986

Female 4,0054
Turkish Kebab meals* Male 34504

Total 3,6901

Female 5,0489
European Cuisine (French, Male 4,9711
German, etc.)

Total 5,0047

Female 5,2826
South_ American _Cmsme Male 5,5909
(Mexico, Argentina, etc.)

Total 5,4577

Female 5,9130
Far East Cuisine (Thai, Chinese, Male 6,0372
etc.)

Total 5,9836

. N Female 6,4076

Middle Eastern Cuisine
(Lebanese, Israeli, etc.) * Male 29876

Total 6,1690

*Mean difference significant at 0.05 value
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The results of the cuisine comparison revealed
that "Home-cooked Turkish meals", "Fast-food",
and "Mediterranean cuisine” were ranked highest in
the list with 2,88, 3,22, and 3,60 mean ranking
scores, respectively. In addition, the findings
revealed that female respondents were more likely
to prefer "Mediterranean Cuisine" compared to
male respondents. In contrast, male respondents
were more likely to prefer "Middle Eastern Cuisine"
and "Turkish Kebab meals" compared to female
respondents (Table 4).

In terms of marital status, the findings revealed
that single respondents (M=2,98, SD=2,33) were
more likely to prefer "Fast — food" than married
respondents (M=3,57, SD=2,43). In addition, in
terms of travel type, respondents traveling "Mostly
domestic" were less likely to prefer "Far East
Cuisine™ and more likely to prefer "Turkish Kebab
meals" compared to respondents traveling "Equally
domestic and international”, and "Mostly
international”. Moreover, respondents traveling
"Mostly international” were less likely to prefer
"Home-cooked Turkish meals" and "Fast-food",
and more likely to prefer "Mediterranean Cuisine"
compared to respondents traveling "Equally
domestic and international”, and "Mostly domestic"
(Appendix A).

Travel purpose was also impacting the
preferences: Respondents traveling "Mostly for
business" were more likely to prefer "Middle
Eastern Cuisine" compared to respondents traveling
"Mostly for holiday", who, in contrast, preferred
"Fast-food" (Appendix B).

4.2.2. Shopping Preferences

The majority of the respondents (61%) preferred
"Department Stores” over "Brand Stores". In
addition, the data revealed that the majority of male
respondents participated in this preference with
67%, while for female respondents, the ratio was
more equally distributed (Table 5).

Table 5. Department Stores vs. Brand Stores
Crosstabulation

Department Brand Total
Stores Stores
95 89
Female (52%) (48%) 184
Gender
Male 163 79 242
(67%) (33%)
Total 61% 39% 426

The answers to the apparel brand question reveal
that the "Premium brands” option was ranked first
in the list with a 1,74 mean ranking score. In
addition, the data showed that male respondents
were more likely to prefer "Value brands" compared
to female respondents (Table 6).

Table 6. Comparison of Mean Apparel Brand
Option Ranking Scores based on Gender

Gender Mean
Female 1,6739
Premium brands Male 1,7934
Total 1,7418
Female 2,2500
Value brands* Male 1,9917
Total 2,1033
Female 2,0761
Luxury brands Male 2,2149
Total 2,1549

*Mean difference significant at 0.05 value

In addition, single respondents (M=2,07,
SD=0,82) were more likely to prefer "Luxury
brands" compared to married respondents (M=2,28,
SD=0,85). In contrast, married respondents
(M=1,87, SD=0,81) were more likely to prefer
"Value brands" compared to single respondents
(M=2,24, SD=0,85).

Among various product options, respondents
were more likely to buy "Alcohol and tobacco”,
"Cosmetics and perfumes”, and "Souvenirs". In
addition, the data revealed that female respondents
were more likely to buy "Cosmetics and perfumes”,
"Clothing and shoes”, "Jewelry", and "Books and
stationery products” compared to male respondents
(Table 7).
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Table 7. Mean Comparison of Product Options
based on Gender

Gender Mean
Female 3,9185
Alcohol and Tobacco Male 4,0289
Total 3,9812
Female 4,033
Cosmetics and Perfumes* Male 3,599
Total 3,786
Female 3,6576
Souvenirs Male 3,6157
Total 3,6338
Female 3,2663
Local Food (e.g., Turkish delight) Male 3,2645
Total 3,2653
Female 2,8043
Clothing and Shoes* Male 2,4628
Total 2,6103
Female 2,5163
Jewelry* Male 2,1818
Total 2,3263
Female 2,8967
Technological products Male 2,9793
Total 2,9437
Female 2,5217
Sports equipment Male 2,4504
Total 2,4812
Female 3,2880
Books and Stationery Products* Male 2,9256
Total 3,0822

*Mean difference significant at 0.05 value

In terms of travel type, respondents traveling
"Mostly domestic were less likely to buy
"Cosmetics and Perfumes” and Alcohol and
Tobacco™ compared to respondents traveling
"Equally domestic and international" and "Mostly
international”. In addition, respondents traveling
"Mostly domestic" were less likely to buy
"technological products” compared to respondents
traveling "mostly international” (Appendix C).

The majority of all respondents with 70%
coverage preferred a separate shopping street over
walk-through shops on the way to the gate (Table
8).

Table 8. Gender * Separate shopping street vs.
Walk-through Shop Crosstabulation
Shopping area preference

Separate Walk-through
Gender shopping street  Shop
Female 65% 35%
Male 73% 27%

4.2.3. Activities & Services Preferences

Among various activities and service options
offered, respondents were more likely to pay for
"Free internet usage areas", "Quiet areas", and
"Designated areas for sleeping”. In addition, female
respondents were more likely to buy "Designated
areas for sleeping”, "Yoga and meditation areas",
"Gardens, green natural areas"”, "Library", " Play &
gaming areas", "Free internet usage areas", and
"Quiet areas" compared to male respondents (Table
9).

Respondents traveling "Mostly for holiday"
were more likely to buy "Movie theatre" compared
to respondents traveling for other purposes. Also,
respondents traveling "Mostly for holiday" were
more likely to buy " Play & gaming areas", "Free
internet usage areas", and "Quiet areas" compared
to respondents traveling "Mostly for business".
Moreover, respondents traveling "Mostly for
business" were less likely to buy "Designated areas
for sleeping™ compared to respondents traveling for
other purposes (Appendix D).

Lastly, in terms of travel type, respondents
traveling  "Mostly international” (M=3,96,
SD=0,98) were less likely to buy " Play & gaming
areas" compared to respondents traveling "Equally
domestic & international” (M=4,26, SD=0,82) and
"Mostly domestic" (M=4,34, SD=0,77).
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Table 9. Mean Comparison of Activities &
Services Options based on Gender

4.3. Conjoint Analysis

In order to determine the relative importance of

Gender e factors that affect passengers’ airport purchase
Female 4,8478 i 0 i
Free Internet Usage b_ehawor, a C(?njomt analysis Wa§ condugted. The
Areas* Male 4,6570 different options of four attributes, including
Total 4,7394 Restaurant type (Casual dining restaurants, Fast-
Female 4,7283 food restaurants, and Buffets or vending Machines),
Quiet Areas™ Male 4,5083 Store type (Brand stores and Department stores),
Total 4,6033 Brand type (Luxury brands, Premium brands, and
Female 4,5543 i
Designated Areas for Value brands), and Layout (Sho_pplng Street a_md
Sleeping™ Male 4,3719 Walk-through shops) were examined. As the first
ping .. . —
Total 4,4507 step of the conjoint analysis, the combination of
Female 4,4239 factor levels was demonstrated by an orthogonal
Gardens, Green Natural o
Areas* Male 4,2397 table [43]. The complete set of combinations
Total 4,3192 (Restaurant Type x Store Type x Brand x Layout)
Female 4,4022 included a set of 36 cards (3x2x3x2), all of which
Play & gaming areas Male 4,1198 were included in the analysis. By using a fractional
Total 4,2418 factorial design, all of these cards were presented in
Female 4,2989 Appendix E.
Library* Male 4,0165 After the survey had been completed,
Total 4,1385 respondents' preferences were coded into SPSS as
Female 3,9293 the next step through a procedure called dummy
Shower Areas Male 3,9504 coding. For each question, the dummy variable took
Total 3,9413 on the value 1 for the selected option or if the
Female 3,8478 respondent ranks it as the first option; and the
Art and Museum Male 3,7479 dummy variable took on the value Ofor the
Exhibitions Total 37911 unselec_ted options, or if the _respondent does not
Female 3,5815 rank I_lt t_as tr;[hte 'ﬂLstth option. O;ettﬁptent_la:
Massage and Spa Center  Male 3,4587 comp |ce} 1on that might have occurre ? 1S pqln
was a linear dependency among options which
Total 3,6117 .. . . .
makes it impossible to predict an independent
. Female 3,5761 . S
Yoga and Meditation variable for each level [44]. In order to avoid this
Male 3,1446 . .
Area* problem, one option for each attribute was deleted.
Total 3,3310 e ,
Eeral 30924 After specifying each respondent's preference score
emale ’ as a dependent variable and four dummy-coded
Gym Male 3,0000 attributes as independent variables, regression
Total 3,03%9 analysis was computed on SPSS. Since in conjoint
Female 3,0000 analysis, respondents’ total utility for product or
Movie theater Male 2,9174 service stands for their part-worth utilities, it needed
Total 2,9531 to be estimated for each attribute. In this study,
c L Female 2,9293 ordinary least squares (OLS) regression was used to
oncert 7 LIve Male 2,9091 estimate part-worth utilities (Table 10).
Performance
Total 2,9178

*Mean difference significant at 0.05 value
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Table 10. Path-worth Utilities and their
Contribution to the Total Utility

Relative
Attribute Utilities Importance

Layout
Shopping Street 10,098
Walking-through 42,31%
Street -10,098
Restaurant Types
Fast-food Restaurants 3,235
Casual Dining
Restaurants ,969 25,04%
Buffets or Vending
Machines -4,204
Store Types
Brand Stores 5,695 23.87%
Department Stores -5,695
Apparel Brand Types
Luxury Brands -3,559
Premium Brands 2,900 12,15%
Value Brands ,659

Part-worth utilities indicated that layout was the
most effective factor in the preferences of the
passengers, with 42,31% part-worth scores. It was
followed by restaurant types, store types, and
brands, with part-worth scores 25,04%, 23,87%,
and 12,15%, respectively. Furthermore, after over
standardized  part-worth's  were  calculated,
Shopping Street x Fast-food Restaurants x Brand
Stores x Premium Brands was the most selected
combination (29 out of 426 participants). The utility
of this combination was equal to 1.

5. Discussion & Recommendations

The results of the conjoint analysis revealed that
the most important factor in the airport shopping
decision process of passengers had been the layout
of stores, followed by restaurant types, store types,
and brand types. In addition, the conjoint analysis
revealed that the majority of the participants
preferred "fast-food restaurants” for F&B with the
possibility to spend time in “brand stores” buying
“premium brands” within a “shopping street”. This
finding can be utilized in the planning of the airport
shopping area. However, the individual analysis of
each attribute reveals more insights into the choices
of passengers.

At airport shopping areas, which have different
characteristics compared to traditional shopping
areas, passengers prefer "shopping streets" where
shops are located in designated areas instead of a
"walk-through” layout. So, Wu and Chen’s [20]
utilization of paths to the gates is not preferred, and
apparently, passengers do not want to be forced to
pass through the shopping areas. They would like to
spend time in a dedicated shopping area, away from
the mandatory travel processes. Therefore, the
shopping area planning should be done considering
this layout preference.

The second most influential factor in the
preferences of the passengers was the restaurant
types. Accordingly, passengers preferred fast-food
restaurants over casual dining restaurants and
buffets, and vending machines. This may mean that
passengers prefer convenient, standardized, and
low-cost meals offered by the “efficient
environment" based on Rezende and Sivla’s [30]
F&B classification. Looking at the gender-based
results, male customers valued fast-food options
more than female passengers. This finding confirms
Snipes et al.’s [29] study, which highlighted the
impact of passengers' gender on F&B services.
Although Lee, Cho, and Ahn [28] found that
younger travelers value cheaper F&B options -
implying the fast-food - there was no distinction
among different age groups with respect to this
preference. Therefore, it is recommended that
airport management prioritize fast-food restaurants
and offer a wide range of such options considering
the high frequency of male and/or younger air
travelers.

In terms of F&B preferences, the most preferred
option by the passengers were restaurants, coffee
shops, and bakeries. The findings are in line with the
common approach followed by many airports,
including the Istanbul airports, as these F&B
options are the most widespread ones. Based on the
gender comparison, female passengers were more
likely to prefer special service restaurants compared
to male passengers. Thus, a limited number of
special restaurants serving gluten-free products or
vegan products might be provided to cover the
demand of female passengers. Alternatively, hybrid
offerings with a mix of such special offerings within
classical menus can be encouraged by airports.
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Based on the type of travel comparison, bars/
pubs were preferred by passengers who are flying
mostly domestic. In addition, the results reveal that
frequent flyers were more likely to choose
bars/pubs. Thus, the airport management may invest
in bars/pubs in the domestic terminal and provide
special promotions to frequent flyer domestic
passengers.

Among all the cuisine options, home-cooked
Turkish meals, fast-food, and Mediterranean cuisine
were the most preferred options, whereas Middle
Eastern, Far East, and South American cuisines
were the least preferred ones. These findings should
be respected while planning restaurant concessions.
Particularly, there are limited cuisine options at both
Istanbul airports [45] [46]. Therefore, the airports
may launch restaurants that offer Mediterranean
cuisine in the international terminals as this option
is preferred mostly by international passengers. In
the domestic terminal, a local cuisine restaurant
involving Turkish kebab options might be provided
to customers.

The findings revealed differences in the
preference  of passengers with  different
demographics. For instance, according to the
findings, female passengers were more likely to
prefer Mediterranean cuisine, whereas male
passengers preferred Middle Eastern Cuisine and
Turkish Kebab meals. In addition, single customers
were more likely to prefer fast-food restaurants
compared to married ones. Moreover, passengers
traveling mostly for business preferred Middle
Eastern cuisine, and those traveling mostly for
holiday preferred fast-food option. Considering the
findings, airport management may offer promotions
targeting passengers with different profiles.

The third most effective factor in the preferences
of the passengers was the store types. Passengers
preferred department stores over brand stores. Still,
both Istanbul airports invest in individual brand
stores rather than department stores [45], [46]. For
this reason, instead of having separate brand stores,
both airports may give a higher priority to
department stores that are popular in Turkey.

Finally, the least important factor in passengers'
preference was the brand types. Accordingly,
passengers valued premium brands over affordable
and luxury brands. The examples of such brands in

Turkey are Marks & Spencer, Mango, and Network.
Based on the marital status comparison, single
passengers were more likely to prefer "Luxury
brands", whereas married respondents were more
likely to prefer "Value brands". In addition, the
findings revealed that male respondents were more
likely to prefer value brands compared to female
respondents. Although brand type has less impact
on respondents' airport shopping preferences
compared to other attributes, the planning of the
stores can be enhanced by respecting the revealed
preferences.

In terms of shopping preferences, alcohol,
cosmetics, and souvenirs were the most preferred
products by the passengers. This is totally in line
with the traditional airport duty-free offerings. In
general, female customers were more likely to
spend money on many items mentioned, e.g.,
cosmetics and perfumes, clothing and shoes,
jewelry, books, and stationery products.
Consequently, the promotions should primarily
target female passengers.

In terms of the activities and services provided at
the airport, the most preferred options were the free
internet usage areas, quiet areas, designated areas
for sleeping, green & natural areas, and play &
gaming areas. The least preferred options were
concert / live performance, movie theater, gym,
yoga and meditation areas, massage and spa centers,
art and museum exhibitions, and shower areas. The
following practical implications might also be
useful for Istanbul airports: Istanbul New Airport
offers sleeping pods, quiet areas, one-hour free Wi-
fi, and an airport library to its passengers. The
airport also invested in spa and shower facilities,
museums, and exhibitions [45]. There are, however,
no green places and play & gaming areas at the
airport. Thus, the airport management may consider
investing in gardens, green, natural areas, and play
& gaming areas for enhancing passenger experience
as these options were more preferred than spas,
shower facilities, museums, and exhibitions. In
addition, Sabiha Gokgen Airport offers free Wi-fi,
and sleep cabins/resting units to its customers [46].
Considering the most preferred options, the airport
might consider investing in green and natural areas,
airport library, and play & gaming areas. Instead of
investing in the least preferred facilities, both
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airports should increase the number of most
preferred options, such as the sleeping units,
quiet/resting areas, and extend the time of free Wi-
fi. Also, the findings revealed that passengers
traveling mostly for holiday were more likely to
prefer movie theatres, play & gaming areas, free
internet usage areas, and quiet areas. Therefore, the
airports should make special offers suited to
different passenger profiles.

6. Conclusion

The purpose of the study was to identify
passengers' shopping, dining, and entertainment
preferences at the airports and to distinguish
between different passenger typologies subject to
their preferences among different alternatives. In
addition, the study aimed to determine the relative
importance of the factors that affect passengers’
airport purchase behavior. The results aimed to offer
the ideal combination of shopping, F&B, and
entertainment offerings at the airport. The
recommendations provided here would not only
help airport planners to increase their non-
aeronautical revenues but also enhance passenger
experience at the airport. This study has some
limitations as all studies. Most importantly, the
revealed passenger preferences just give an idea,
and they might not turn into actual shopping
behavior. Thus, the results should be compared and
evaluated considering the passengers' actual
spending behavior and numeric indicators such as
revenue data from the concessions. Secondly, the
sample of the study includes only Turkish
passengers. For future studies, the same survey can
be conducted to transit passengers from different
countries and cultures to paint the differences
between cultural differences in the preferences.

This study also aimed to make a valuable
contribution to the airport business with its context-
independent findings. Airports tend to imitate other
airports’ structures and offer similar commercial
facilities. However, understanding whether the
passengers would value those offerings is essential.
Investing in the correct offerings is crucial for
airports to avoid unnecessary costs, increase non-
aeronautical revenues, and enhance passenger
experience. Each airport serves unique passenger
groups with different profiles. Therefore, a service

preferred by passengers at one airport may not be
preferred at another one. In fact, within the same
airport, different passenger profiles might value
other offerings. Consequently, each airport should
conduct their own research and make their
shopping, F&B, entertainment, and retail layout
planning accordingly. The airport management
should consider the findings while making activity
and service offerings. In addition, the results should
be used to provide special offers suited to different
passenger profiles. In short, conducting context-
based passenger behavior studies is critical for
effective airport concession management.

It should also be noted that an important factor
that determines the consumption preferences of
passengers at the airports is the price of goods and
services provided. The findings of this study
whereas just reveal the preferences of passengers
without considering their willingness to pay (WTP)
levels for the provided options. With a further study,
it would be worth to assess the WTP level of
passengers to see how the price of the goods and
services provided would shape their preferences. In
essence, offering right pricing is crucial to ensure
that the preferences of passengers turn into actual
consumption behaviors.
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Appendix A. Comparison of Cuisine Ranking Scores Based on Type of Travel

. 1) Type of . .
Dependent Variable 'Erlveylp (J) Type of travel Mean Difference (I-J)  Std. Error Sig.
Equally Domestic 70498" 23466 008
o Mostly & International
Far East Cuisine Domestic Mostl
y . 1,20311" 27776 ,000
International
Mostly Domestic ,62359" ,24134 ,030
Home-cooked Mostly Equally Domestic
Turkish meals International quatly B¢ 59387 25437 060
& International
Equally Domestic 54318 21196 032
: Mostly & International
Turkish Kebab meals Domestic Mostl
y -,91042" 25089 001
International
Mostly Domestic 1,01385" ,30742 ,003
Mostly .
Fast — fi . Equally D .
ast—food International Qually Domestic 77933 32402 050
& International
Mostly Domestic -1,09710" ,22581 ,000
Mediterranean CuisineMOStIy Equally Domestic
International quatly - 72239" 23800 008

& International

Appendix B. Comparison of Cuisine Ranking Scores Based on Type of Travel

Dependent Variable

(1) Travel purpose (J) Travel purpose

Mean Difference (I-J) Std. Error Sig.

Middle Eastern Cuisine Mostly Business

Fast — food

Mostly Holiday

Mostly Holiday
Mostly Business

Equally Holiday & Business

-,61894" ,22896 ,021
-,83225" ,26667 ,006
-1,20139" ,32536 ,001

Appendix C. Mean Comparison of Product Options based on Type of travel

Dependent Variable

(1) Type of travel (J) Type of travel

Mean Difference (I-J) Std. Error Sig.

Cosmetics and Perfumes Mostly Domestic

Alcohol and Tobacco

Technological products

Equally Domestic &
International

Mostly International
Equally Domestic &
International

Mostly Domestic

Mostly International

Mostly Domestic  Mostly International

-,5600" ,1113 ,000
-,4739" ,1317 ,001
-,46990" ,12734 ,001
-,55993" ,15072 ,001
-,40973" ,14830 ,018
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Appendix D. Mean Comparison of Activities & Services Options based on Travel Purpose

Dependent Variable (1) Travel purpose (J) Travel purpose  Mean Difference (I-J) Std. Error Sig.
Movie theater Mostly Holiday Mostly Business ,35358" ,14426 ,044
Mostly Holiday -,32830" ,10475 ,006

Designated Areas for Sleeping Mostly Business .
Equally Holiday & -29606° 11712 ,036

Business
Play & gaming areas Mostly Holiday Mostly Business ,31475" ,11647 ,021
Free Internet Usage Areas Mostly Holiday Mostly Business ,26322" ,09298 ,015
Quiet Areas Mostly Holiday Mostly Business ,25997" ,10120 ,032
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Appendix E. Full Factorial Design

Card Restaurant Store ARG
ID  Types Types Brand Layout
Types
Fast-food Brang  Lremiu  Walk-
! Restaurants  Stores m through
Brands Shops
Buffets or Premiu .

2 vewng  Zond St
Machines Brands g
Fast-food Depart  Premiu  Walk-

3 Restaurants ment m through

Stores Brands Shops
Fast-food Depart Value Shoppin

4 ment

Restaurants Brands g Street
Stores
Casual Depart Value Walk-

5 Dining ment Brands through
Restaurants  Stores Shops
Buffets or Depart .

o Veng e Ve S
Machines Stores g
Casual Walk-

7 Dining gtr;[:ai Iél:::gz through
Restaurants Shops
Cz_alspal Brand Value Shoppin

8 Dining

Stores Brands g Street
Restaurants
Fast-food Brand Premiu Shoppin
9 m
Restaurants  Stores g Street
Brands
Buffe_ts or Brand Value Shoppin
10 Vending
. Stores Brands g Street
Machines
Fast-food Depart Luxury  Shoppin
11 ment
Restaurants Brands g Street
Stores
Cgsyal Brand Luxury  Shoppin
12 Dining
Stores Brands g Street
Restaurants
Depart Walk-

13 Fast-food ment Luxury through

Restaurants Brands
Stores Shops
Casual Premiu Walk-

14 Dining gt?rr:eds m through
Restaurants Brands Shops
Fast-food Depart  Premiu Shoppin

15 Restaurants ment m Street

Stores Brands g
Buffets or Walk-

16 Vending gtr:rli g?;ﬁgs through
Machines Shops
Buffets or Depart  Premiu Walk-

17 Vending ment m through
Machines Stores Brands Shops

18 Fast-food Brand Value Shoppin
Restaurants  Stores Brands g Street
Fast-food Brand  Luxury Walk-

19 through
Restaurants  Stores Brands

Shops

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Buffets or
Vending
Machines
Casual
Dining
Restaurants
Buffets or
Vending
Machines
Casual
Dining
Restaurants
Fast-food
Restaurants
Buffets or
Vending
Machines
Buffets or
Vending
Machines
Casual
Dining
Restaurants
Buffets or
Vending
Machines

Fast-food
Restaurants

Casual
Dining
Restaurants

Fast-food
Restaurants

Buffets or
Vending
Machines
Casual
Dining
Restaurants
Casual
Dining
Restaurants
Buffets or
Vending
Machines
Casual
Dining
Restaurants

Depart
ment
Stores

Brand
Stores

Depart
ment
Stores
Depart
ment
Stores
Brand
Stores
Depart
ment
Stores
Depart
ment
Stores
Depart
ment
Stores

Brand
Stores

Brand
Stores

Depart
ment
Stores
Depart
ment
Stores

Brand
Stores

Depart
ment
Stores

Brand
Stores

Brand
Stores

Depart
ment
Stores

Luxury
Brands

Value
Brands

Premiu
m
Brands

Value
Brands

Luxury
Brands

Luxury
Brands

Value
Brands

Premiu
m
Brands

Luxury
Brands

Value
Brands

Luxury
Brands

Value
Brands

Luxury
Brands

Luxury
Brands

Premiu
m
Brands
Premiu
m
Brands
Premiu
m
Brands

Shoppin
g Street

Walk-
through
Shops

Shoppin
g Street

Shoppin
g Street

Shoppin
g Street
Walk-
through
Shops
Walk-
through
Shops

Shoppin
g Street

Shoppin
g Street

Walk-
through
Shops

Shoppin
g Street

Walk-
through
Shops
Walk-
through
Shops
Walk-
through
Shops

Shoppin
g Street

Walk-
through
Shops
Walk-
through
Shops
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Yapay Sinir Aglan ile Hisse Senedi Fiyat Tahmin Modeli: Tiirk Hava Yollari
Uygulamasi

Muhammed Fatih YURUK*

! Dicle Universitesi, Sivil Havacilik Yiiksekokulu, Diyarbakir, Tiirkiye

Ozet

Literatiirde hisse senetleri tahmini igin farkli metodlar yer almaktadir. Bu metodlarin en 6nemlilerinden biri de yapay
sinir aglar1 yontemidir. Bu c¢alismada Tirk Hava Yolar1 hisse senedinin tahmini i¢in yapay sinir aglar1 metodu
kullanilmistir. Ayrica ¢alismada yapay sinir aglar1 yontemi ile zaman seri analizi yapilmigtir. Tlirk Hava Yollar hisse
senedi degerlerini etkilemede Onemli olan 5 bagimsiz degisken kullanilmig olup, 01/04/2014-21/09/2021 tarihleri
arasindaki giinliik degerler ¢alisma kapsamina alinmistir. Calismada 5 yapay sinir ag1 modeli olusturulmustur. Bu
modeller i¢inde en iyi performansi gosteren model ¢alisma kapsamina alinmigtir. Calisma sonucunda Ortalama Mutlak
Yiizde Hatanmin (MAPE) hesaplanmasinda egitim seti i¢in; 2,18 test seti i¢in; 2,28 onaylama seti i¢in; 2,46 degerleri elde
edilmistir. Korelasyon Katsayisinin (CORR) hesaplanmasinda ise egitim, test ve onaylama setleri i¢in 0,99 degerleri elde
edilmistir. Bu sonuglar olusturulan modelin tahminleme performansinin gii¢lii oldugunu ve hisse senet tahminlerinde
kullanabilecegini gostermistir.

Anahtar Kelimeler: YSA, Makine Ogrenmesi, Yapay Zeka, Zaman Serisi, Yapay Sinir Aglari

Predicting Stock Prices Using Artificial Neural Networks Model: Turkish
Airlines Application

Abstract

There are different methods for estimating stocks in the literature. One of the most important of these methods is the
artificial neural network method. In this study, artificial neural network method was used for the prediction of Turkish
Airlines stock. In addition, time series analysis was performed with the artificial neural network method. 5 independent
variables, which are important in affecting Turkish Airlines stock values, were used, and daily values between
01/04/2014-21/09/2021 were included. 5 artificial neural network models were created. The model with the best
performance among these models was included. As a result of the study, for the training set in calculating the Mean
Absolute Percentage Error (MAPE); For 2.18 test sets; For 2.28 validation set; 2.46 values were obtained. In the
calculation of the Correlation Coefficient (CORR), 0.99 values were obtained for the training, test and validation sets.
These results showed that the estimation performance of the created model is strong and can be used in stock predictions.

Keywords: ANN, Machine Learning, Artificial Intelligence, Time Series, Artificial Neural Networks
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1. Giris

Hava ulasimina ragbet teknolojik gelismelerin
getirdigi giiven, konfor ve hiz ile birlikte artig
gostermektedir. Tablo 1°de gortldigii gibi 2014
yilindan 2020 yilina kadar ugak filo sayisinda artig
yasanmistir. Bu artis  havacilik  sektoriiniin
gelismekte olan bir alan oldugunu gdstermektedir.
2020 yili verilerine gore Tiirkiye’de 10 sirketin

toplam 564 ugak filosuna sahip oldugu
goriilmektedir. Bu sayillarin 341’1 Tiirk Hava
Yollar1 A.O0. (THYAO) biinyesinde faaliyet

gostermektedir. Bir iilkenin ucak filosunun giiglii
olmasi, hava tagimacilig1 sektoriiniin aktif olmasi o

hacmine sahip sirketler arasinda yer alan THYAO
bu sektore olan ilginin bir gostergesidir. THYAO
ozellikle yabanci yatirimceilarin da takip ettigi bir
yatirim aracidir. [2]

30 Eyliil 2021 tarihi itibariyla Tablo 2°de goriildiigii
lizere piyasa degeri 19.251.000.000 TL olan
THYAO Borsa Istanbul 100 endeksinde piyasa
degeri en biiyiik 20 sirket i¢erinde yer almaktadir
[3]. Bir hisse senedinin sahip oldugu 6zkaynaklara
gore fiyatin1 6lgmek ic¢in kullanilan PD/DD oram
sitketlerin muhasebe degeri ile piyasa fiyatim
karsilagtirmak i¢in kullanilir. Bu orana gore hisse
senedine yatirim karari alinabilir. Bu oranin 1’den

ilkenin  ekonomik anlamda da  giiciiniin kiiciik olmas1 hisse senedinin piyasa degerinin
gostergesidir. diisiik oldugunu gostermektedir. Bu oran ne kadar
- . oo kiiciikse ~ hisse senedi o kadar  diisiik
Hizla biiyiiyen bu sektére yatirimeilarin ilgisi o ¢ landin] 3
; . 1yatlandiriimagtir.
artmaktadir. Borsa Istanbul’da en fazla islem y 3
Tablo 1. Havayolu Ugak Filo Istatistikleri[1]
y  GUNES  PEGASUS ONUR MG  ATLAS gy TURISTIK  ACT . TALWIN SGE
YIL A O EKSPRES HAVA AIR Hava H HAVA iZMiR HAV TOPLAM
0 avaT. TASIMACILI  YOLLAR YOLLARI
A.S A.S AS. AS. AS AS KAS 1AS .S AS ACIL
S. ! . ) e

2014 231 53 46 21 7 18 8 10 6 6 7 8 421

2015 266 54 58 28 7 20 8 10 7 7 7 14 486

2016 308 49 70 25 7 25 8 11 7 8 5 14 562

2017 304 52 66 24 7 24 7 10 5 7 5 3 514

2018 309 81 46 27 6 16 7 10 5 - 5 512

2019 324 53 84 27 6 16 9 14 5 - 5 543

2020 341 58 93 23 13 8 5 13 5 - 5 564
Tablo 2’de THYAO PD/DD 0,39 oldugu Finans alaninda hisse senedi degeri tahmini yapmak

goriilmektedir. 1’den kiiciik olan bu orana gore
THY AO hisse senedine yatirim yapilabilir. PD/DD
orani ile olusturulan portfoylin endekse gore iyi
performans gosterdigi ve PD/DD’si diisiik hisseleri
almanin iyi sonuglar verdigi yapilan galigmalarda
goriilmektedir [4]. Bu sebeple THYAO hisselerinin
fiyatlarinin 6nceden tahmin edilmesi yatirimeinin
karlilik performansini artirabilecektir.

Borsada islem goren sirketlerin hisse degerini
tahmin etmek her zaman ilgi odagi olmustur. Hisse
senetlerinin degerlerini tahmin etmeyi zorlastiran
volatilite ve belirsizlik bu yatirim enstriimanin diger
yatirim araglarindan daha riskli hale getirmektedir.
Bu belirsizlik ve oynaklik nedeni ile hisse
degerlerini tahmin finans alaninin en ¢ok {izerine
yogunlastig1 konulardan olmustur [5].

daha onceleri geleneksel metotlar ile yapilirken
giiniimiizde makine Ogrenmesi yoOntemlerinden
faydalanarak yapilmaktadir. Makine G6grenmesi
yontemlerinden biri olan yapay sinir aglari (YSA)
bilim diinyasinin hemen her alaninda kullanilan bir
metot haline gelmektedir.

YSA
aracihi@r ile kurduklar1 ag yapisi ile kendisine
iletilen yeni veriler karsisinda bunlar1 siniflama,

insan vicudundaki néronlarin sinyaller

gruplama, ayirt etme ve yeniden {iretme gibi
faaliyetleri yiirlitme mantigina gore ¢aligir. YSA ile
biyolojik sinir aglarindaki bu faaliyetlerin
matematiksel olarak modellenip, sisteme sunulan
veri setindeki girdiler arasindaki iligkilerden yola
cikarak birtakim fonksiyonlar ve algoritmalar ile bir
ag yapisi olusturulmasi ve en yakin bir ¢iktinin elde
edilmesidir [6].
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Tablo 2. BIST sirketlerinin ilk 20 piyasa degeri [3]

Sirket Ad1 PD PD/DD
Ford Otosan 58.637.061.000 8,41
Eregli Demir 58.275.000.000 1,27

Celik

Enka Ingsaat 58.184.000.000 0,99

Kog Holding 57.362.013.891 1,12
Garanti Bankasi 38.808.000.000 0,58
Bim Magazalar 38.800.080.000 6,98

ASELSAN 34.519.200.000 1,72

Turkeell 33.726.000.000 1,67
SASA Polyester 29.881.600.000 8,46
TUPRAS 28.698.040.320 2,34
Akbank 27.716.000.000 0,41

Tiirk Telekom 26.215.000.000 2,10

Tofas Oto 26.000.000.000 6,08

Fabrikas1
Sise Cam 25.087.723.120 0,98
Is Bankas1 (C) 23.354.844.300 0,33
Argelik 22.055.768.611 1,45
Coca Cola Igecek  21.596.079.392 2,41
Yap1 ve Kredi 20.357.393.594 0,39

Bankas1
Sabanci1 Holding 19.975.554.484 0,48
Tirk Hava 19.251.000.000 0,39

Yollar

2. Literatur

Literatiirde

YSA konulu bircok ¢alisma

mevcuttur. Ozellikle makine 6grenmesi metodu
kullanilarak finans konulu makaleler bu boliimde
yazilmistir.

Diler (2003) YSA kullanarak borsanin bir dnceki

verilerinden sonraki giinliin yoniini bulmaya

calismistir. Ag modeli bir sonraki giiniin yoniinii
%60,81 oraninda tahmin etmistir [7]. Kutlu ve
Badur (2009) da YSA kullanarak borsa endeks
tahmini iizerinde calismislardir. Borsa endeksinin
YSA kullanarak tahmin edilmesinin miimkiin
oldugunu belirtmiglerdir [5]. Kaynar ve Tastan
(2009) endeks tahmininden farkli olarak doviz
kurunu tahmin etmeye calismuglardir.
Calismalarinda YSA ile beraber ARIMA modelini
de kullanarak modeller arasinda performans
karsilagtirmas1 yapmuglardir [8]. Yakut vd. (2014)
diger calismada oldugu gibi iki model kullanip
kargilagtirma yapmuslardir. Borsa endeks tahmini
icin YSA ile Destek Vektor Makinelerini kullanarak
bu iki modelin etkinligini 6lgmislerdir. Caligma
sonucunda diger ¢aligmalarda oldugu gibi YSA nin
etkin oldugu sonucuna ulagmiglardir. Ayrica destek
vektor  makinelerinin  de  etkin  oldugunu
belirtmislerdir [9]. Akdag ve Yigit (2016) diger
yazarlar gibi iki modeli c¢alismalarinda
kullanmiglardir.  ARIMA ve YSA modellerini
enflasyon tahmini i¢in kullanan yazarlar ¢alisma
sonucunda ARIMA modelinin daha etkin oldugu
sonucuna varmislardir [10]. Literatiirde YSA emtia
fiyatlarinin tahmini i¢in de kullanilmaktadir. Bu
caligmalardan biri Yiiriik (2019) tarafindan yapilan
altin fiyatlarinin tahmini {izerine olan c¢aligsmadir.
Calisma YSA altin fiyatlarmin
tahmininde basarili bir performans gostermistir
[11]. Altin fiyatlarinin YSA kullanilarak tahmin
edilmesine yonelik baska bir ¢aligmay1 Yiiksek ve
Akko¢  (2016) Modelin
performansinit 6l¢en yazarlar tahmin giiciliniin etkin

sonucunda

gerceklestirmistir.

olmasinda giimiis ve petrol fiyatlarinin 6nemli
oldugunu belirtmislerdir [12]. Cinaroglu ve Avci
(2020) YSA kullanarak THY hisse senetlerinin
fiyatlari1 tahmin etmislerdir. Cinaroglu ve Avel
uygulamalarinda haftanin ilk 4 giiniine ait degerler
egitim verisi, cuma giinliine ait degerler ise test
verisi olarak segilmistir [2]. Borsa endeks tahmini
konusunda bir¢ok c¢alisma yapildigi literatiirde
goriilmektedir. Bu ¢aligmalardan biri Karakul
(2020) tarafindan yapilan YSA kullanarak BiST-
100 endeks tahmini  calismasidir.  Diger
caligmalarda oldugu gibi Karakul da YSA’nin
finans alanindaki tahmin problemlerinde etkin
oldugunu yazmuslardir [6].
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3. Tasarim ve Yontem

Calismada 01/04/2014-21/09/2021 tarihleri
arasindaki giinliik verilerden yararlanilmistir. Hisse
senedi tahmininde 6nemli ve iliskili olan 5 degisken
kullanilmigtir. Tablo 3’te goriildiigi lizere Ham
petrol fiyatlari, Amerikan dolar1 /Tiirk liras1 kuru,
dolar endeksi, BIST 100 endeksi kapanis fiyatlar1 ve
BIST ulastirma endeksi kapanis fiyatlar1 calismada
girdi verisi olarak kullanilmistir. THYAO hisse
senedi kapanig fiyatlar1 ise modelin tahmin verileri
olarak kullanilmigtir.

Tablo 3. Calismada Kullanilan Degiskenler

No  Degiskenler Kod Kaynak
1 Ham Petrol WTI investing.com
Fiyatlar1
2 Amerikan USD/TRY  investing.com
Dolar Tiirk
Liras1 Kur
3 Dolar Endeksi DYX investing.com
4 Bist 100 XU100 investing.com
Endeksi
5 BIST Ulastrma XULAS  investing.com
Endeksi
6 Tiirk Hava THYAO investing.com
Yolar1 A.O.

Calisgmada THYAO hisse fiyatlarinin tahmini igin
olusturulan modelinin uygulamasinda Statistica
sirim 12 programi kullanilmigtir. Literatiirde;
egitim, onaylama ve  test  gruplarinin
belirlenmesinde (%80, %10, %10), (%70, %15,
%15), (%60, %20, %20) seklinde boliimlendirmeler
yapilmistir. Baz1 ¢aligmalarda modelin analizi i¢in
sadece egitim ve test verileri kullanilmaktadir. Bu
calismada 01.04.2014-21.09.2021 tarihleri
arasindaki giinliik 1938 verinin %70’lik boliimii
egitim, %15’lik bolimii ise test, %15’lik bolimii
onaylama ig¢in ayrilmistir. Verilerin ayirma islemi
program tarafindan rastgele yapilmustir.

3.1. Yapay Sinir Aglan

Insan beyninin biyolojik yapisindan esinlenerek
YSA’lar girdi veri setlerinden
Ogrenebilme, Ogrendigi yap1 ile genelleme
yapabilme ve sinirsiz sayida degiskeni kullanabilme
gibi 6nemli 6zelliklere sahiptir. Yapay sinir hiicresi

olusturulan

YSA’nin ¢alismasina esas tesklil eden en kiigiik
birimdir. Sekil 1’de goriildiigi tizere bir yapay sinir
hiicresi  girdi, agirliklar, toplama fonksiyonu,
aktivasyon fonksiyonu ve ¢ikt1 bilesenlerinden
olusmaktadir [8].

b
4 -
X » W
Ennik
Fonksiyonu
‘! Cikty
{* > > ¥ »o(=) »y
Vo o
ogama
X C bW
\ . -

Ay rh i

Sekil 1. Yapay Sinir Hiicresi [13]

Girdiler dis ortamdan hiicreye girilen verilerdir.
Agirliklar ise aga girilen veri seti veya kendinden
onceki bir tabakadaki bagka bir islem elemaninin bu
islem eleman1 iizerindeki etkisini ifade eden de-
gerlerdir. Esitlik 1 de goriildiigi tizere her bir girdi,
o girdiyi islem elemanina baglayan agirlik degeriyle

carpilarak, toplam  fonksiyonu araciligiyla
birlestirilir[8].
n
net=> wx +b (1)
i-1

3.1.1. Yapay Sinir Aginin Yapisi

Yapay sinir aglar1 3 katmandan olusur. Bu
katmanlar asagida yazildig: gibidir [14]:

Girdi Katmam: Girdi katmaninda yapay sinir
hiicleri gelen bilgileri alarak ara katmanlara iletmek
ile sorumludurlar.

Ara Katmanlar: Bu katman girdi katmanindan
iletilen Dbilgilerin islenilerek ¢ikti katmanina
gonderildigi katmandir. Bir YSA birden fazla ara
katmandan olusabilir.

Cikti Katmam: Bu katmandaki yapay sinir
hiicreleri  bir oOnceki katmandan yani ara
katmanlardan iletilen bilgileri isleyerek agmn girdi
katmanindan Ornek seti icin iretilmesi gereken
ciktiy1 Uretirler.

4. Bulgular

Calismada hisse senedi tahmini i¢in 5 yapay sinir
ag1 modeli olusturulmustur. Tablo 4’de gorildigi
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lizere veriler egitim, test ve onaylama seti olarak
ayrilarak  model  olusturulmustur.  Egitim
algoritmas1  i¢in  Broydon-Fletcher-Goldfarb-
Shanno (BFGS) kullanilmistir. Hata fonksiyonu
Sum of Squares kullanilmistir. YSA modellerinin
gizli  katmanlarinda  Exponential,  Logistic
aktivasyon fonksiyonu kullanilmigtir. Modellerde
ciktt aktivasyon fonksiyonu olarak da Tanh,
Identity, Exponential kullanilmistir. Olusturulan 5
modelin performanslar1 birbirine yakin olsa da

Tablo 4. Olusturulan Modeller

iglerinde en yiikksek performansi gosteren 5
numarali ag calismaya esas alinmistir. Bu ag 10
gizli katmandan olusmaktadir. Bu agin egitim
performansi 0,995259, test performansi 0,994451
ve onaylama performanst ise  0,993627
bulunmustur. Gizli katman aktivasyon fonksiyonu
icin logictic kullanilirken ¢ikis aktivasyon

fonksiyonu olarak da exponential kullanilmistir.

Sira Ag Egitim Test Onaylama Egitim Hata Gizli Cikis

Modeli  Performans Performansi Performansi  Algoritmasi Fonksiyonu Katman Aktivasyon
Aktivasyon Fonksiyonu
Fonk.

1 MLP 0,994479  0,993709 0,993206 BFGS 253 Sumofsg.  Exponential Tanh
5-10-1

2 MLP 0,994513  0,993515 0,993203 BFGS 328 Sum of sq. Logistic Identity
5-7-1

3 MLP 0,995133  0,993621 0,993804 BFGS 268 Sum of sq. Tanh Identity
5-8-1

4 MLP 0,994368 0,993646 0,992983 BFGS 109 Sum of sq. Tanh Exponential
5-9-1

5 MLP  0,995259  0,994451 0,993627 BFGS 262 Sum of sq. Logistic Exponential
5-10-1

Caligmada girdi olarak girilen veriler ile ¢iktilar
arasindaki farki gosteren tahmin istatistigi Tablo 5°te
gorlilmektedir. Bu sonuglara gore egitim setinin
minimum residual degeri -6,27 olurken maksimum
residual degeri 7,93 degerini almaktadir. Bu durum
test seti icin minimum degeri -4,44, maksimum
residual degeri ise 5,74 degerini almaktadir.
Onaylama setinde ise minimum residual -3,64 ve
maksimum residual 6,22 olarak hesaplanmustir.

Tablo 5. Tahmin istatistigi

Minimum standard residual (Train) -6,27
Maximum standard residual (Train) 7,93
Minimum standard residual (Test) -4,44
Maximum standard residual (Test) 5,74
Minimum standard residual (\Validation) -3,64
Maximum standard residual (Validation) 6,22

Agin egitim seti i¢in tirettigi tahmin degerleri ile girdi
(gergek deger) lerin grafik lizerinde gosterimi Sekil
2’de gosterilmistir. Sekilde de goriildiigi lizere

kirmiz1 ¢izgi iizerinde yogunlasan mavi noktalar
gercek ile tahmin degerlerinin yakin oldugunu
gostermektedir.

Egitim Seti
21000
20000
19000 i
18000 S8 i TR
17000 o 2
&
16000 -
15000
— a
5 140 wo
7 12000 n )
£ 12000 i
% 11000 o
=

10000 m
5000
£000
7000
6000
5000
4000

2000
3000 5000 TOO0 2000 11000 12000 1E000 17000 12000 21000
4000 2000 5000 10000 12000 14000 18000 18000 20000 22000

Gerosk Defer

Sekil 2. Egitim Seti Tahmin/Gergek Deger Grafigi

Modelin test seti i¢in ayirdig1 veriler ile ¢aligtirilmasi
sonucu ¢ikt1 degerleri tahmin edilmeye calisilmistir.
Cikti  degerleri olan THYAO hisse senedi
degerlerinin tahmin grafigi Sekil 3’de gosterilmistir.
Grafikte kirmizi ¢izgi lizerinde yogunlasan tahmin
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degerleri test asamasinin iyi bir performans ile
sonuclandigini gostermektedir.

Test Seti

21000 —

20000 1
19000 ] 1
18000 & & .
17000
16000 & b

15000 & 1
14000 o

13000 2 E .
12000
11000 1
10000
5000 1
8000
000 1
8000 1
5000 1
4000 1

000 L L L L L L L L
3000 5000 7000 2000 11000 12000 15000 17000 12000 21000
4000 8000 8000 10000 12000 14000 16000 18000 20000 22000

Tahmin Degderi

Gergek Dejer

Sekil 3. Test Seti Tahmin/Gergek Deger Grafigi

Test performansindan sonra ag performansini 6lgen
diger onaylama (dogrulama) isleminde, tahmin
degerleri ile sisteme girilen gercek (THYAO) hisse
denetleri degeri arasindaki farklar  grafikte
gosterilmistir. Egitim ve test seti performans
sonuglarinda oldugu gibi onaylama islemi de basarili
bir performans gostermistir. Sekil 4’de orijinden
gecen dogru iizerinde yogunlagmanin giiglii oldugu
goriilmektedir.

Onaylama Seti
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Sekil 4. Onaylama Seti Tahmin/Gergek Deger Grafigi

Egitim Set Zaman Sersi Grafgi
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Sekil 5. Egitim Seti Zaman Serisi Grafigi

TestSef Zaman Serisi Graiji
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Sekil 6. Test Seti Zaman Serisi Grafigi

Cnaylama Seti Zaman Seris | Grafigi
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Sekil 7. Onaylama Seti Zaman Serisi Grafigi

Egitim, test ve onaylama setlerindeki t giiniindeki
degerleri t-1 giin 6nceki degerleri kullanilarak tahmin
edilmistir. Agin elde ettigi tahmin degerlerinin grafigi
Sekil 5, Sekil 6 wve Sekil 7’de gosterilmistir.
Grafiklerde goriildiigii tizere ag bir giin 6nceden (t-1)
sonraki giiniin (t) THYAO hisse senedi degerlerini
kestirmede basarili bir seyir izlemistir.
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4.1. Karsilastirma Olgiitleri

Literatiirde;  olusturulan ~ modellerin ~ tahmin
sonuclarinin performansini degerlendirmek i¢in farklt
olgiitler kullanmldig1 goriilmektedir. Bu ¢aligsmada, en
cok kullanilan ol¢iitlerden Ortalama Mutlak Yiizde
Hata (MAPE), Korelasyon Katsayist (CORR) ve

Determinasyon Katsayisi (R?) kullanilmistir. Yi

=Gergek  degerleri  belirtirken, Yi= Tahmin

degerlerini belirtmektedir.
Ortalama Mutlak Yiizde Hata (MAPE):

n

2

MAPE =100 2 Yi @)
n

Y-y

Hata kareler ortalamasinmin karekokii (RMSE):

> (- 9,)°

RMSE =1{|-2 (3)

n
Tablo 6. Performans Sonuglari
Performans Egitim Test Seti  Onaylama
Olgiitii Seti Seti
Hatanin
mutlak 221,15 258,82 282,23
ortalamasi
(MAE)
Ortalama
Mutlak Yizde %2,18 %2,28 %2,46
Hata (MAPE)
Hata kareler
ortalamasinin - a56 304 3894137 432,7157
karekoki
(RMSE)
Korelasyon
Katsayisi 0,995259  0,994451 0,993627
(CORR)
Determinasyon ; 9q45 09889  0,9872

Katsayisi (R?)

Caligmadaki ag modelinin performansini lgmek igin
Tablo 6°da gorildiigli izere MAE, MAPE, RMSE,
CORR, R? olgitleri kullanilmigtir.  Sonuglar
incelendiginde korelasyon katsayisinin karesi olan
determinasyon katsayisi egitim seti ig¢in 0,99
bulunurken test ve onaylama seti i¢in 0,98 degerleri
bulunmustur. Bu sonuglar girdi degiskenlerimizin
cikti degiskenini hesaplamada Onemli oldugunu
gostermektedir. Literatiirde tahmin performanslarinin

Ol¢imiinde ya da karsilastirillmasinda en ¢ok
kullanilan 6l¢iitiin MAPE oldugu goriilmektedir.

Lewis (1982) belirttigi tizere MAPE degeri %10
degerinin altinda olmasi modelin ¢ok iyi oldugunu
gostermektedir. %10- %20 arasinda kalan tahmin
modellerini “iyi”, %20- %50 arasinda kalan tahmin
modelleri i¢in “kabul edilebilir” ve %50’nin altinda
olan tahmin modellerini ise “yanlis ve hatali” olarak
gruplamustir [15].

5. Sonuc ve Degerlendirme

Yapay zekayr ve makine Ogrenmesini kullanarak
tahmin modellemesi yapmak bir¢ok bilim dalinda
olduk¢a ¢ok kullanilmaktadir. Finans biliminde de
gelecek hakkinda tahmin yapmak hep calisilan bir
konu olmustur. Cesitli klasik istatistiki metotlar ile
cok fazla tahmin modellemeleri yapilmistir. Makine
O0grenmesinin bilim diinyasina girmesi ile birlikte
tahmin  yontemleri de arttk bu alanlara
yogunlagsmistir. Makine, verilerin bir kismini
isleyerek, baglanti olusturarak ve Ogrenerek bir
kabiliyete ulagmaktadir. Makine artik geri kalan
verileri kullanarak tahmin ¢iktilart olusturmaktadir.
Bu ¢alismada da 5 degiskenin verileri sisteme girilmig
ve 1 tahmin ¢iktis1 elde edilmistir. THYAO hisse
senetlerinin tahmin edilmesi i¢in 5 YSA modeli
olusturulmus ve iglerinden en iyi egitim, test ve
onaylama performansina sahip MLP 5-10-1 agi
calismada esas almmustir. YSA’da sisteme girilen
verilerin sayist Onemli oldugundan 01/04/2014-
21/09/2021 tarihleri arasindaki giinliik veriler esas
alimugtir.,

YSA’da wveriler egitim ve test seti seklinde
ayrilabilecegi gibi egitim, test ve onaylama seti
seklinde de kullanilabilir. Calismada veriler egitim,
test ve onaylama seti seklinde ayrilmistir. Literatiirde
verilerin yiizdelik olarak boliinmesinde farkliliklar
vardir. Bu c¢alismada verilerin %701 egitim %151
test ve %I15%1 setlerine  ayrilmusgtir.
Literatiirde performans degerlendirilmesinde
¢ogunlukla MAPE kullanilmaktadir. Bu ¢aligmada da
MAPE i¢in egitim, test ve onaylama setlerinde
%10’un altinda bir sonug elde edilmistir. Bu durum
modelimizin  olduk¢a basaril ciktisi
olusturdugunu gostermektedir. Ayrica determinasyon
katsayisinin da 0,99 degerinde sonuglar iiretmesi
modele girdi olarak segilen degiskenlerin etkili
oldugunu gostermektedir. Bir giin énceden, sonraki

onaylama

tahmin

giiniin hisse senetleri fiyatlar1 tahmin edilmis ve

288



;’A Ve-1ssn:2s87-1676

5 (2): 282-289 (2021)

egitim, test ve onaylama sectlerinde basarili
olunmustur. Zaman serisi grafiklerinin gosterdigi gibi
YSA ile sonraki giiniin hisse fiyatlarinin tahmini

mimkuinddr.

Literatirde BIST ulastrma sektoriinde yer alan
isletmelerin hisse senedi degerini tahmini konusunda
cok calisma olmadig1 goriilmektedir. Cinaroglu ve
Avci (2020) THY hisse senedi degerini YSA ile
tahmin etmiglerdir. Bu calismanin Cinaroglu ve
Avcr’'nin ¢aligmasindan farki; calisma kapsamina
alman dénem, farkli bir degiskenin daha calismaya
eklenemis olmasi ve egitim seti verisinin farkl
secilmesidir. Bu ¢alismada 01/04/2014-21/09/2021
tarihleri arasindaki is giinlerinin hepsi glin ayrimi
yapmadan caligmaya dahil edilmistir. Cinaroglu ve
Aveci galismalarinda performas 6lgiitii olarak 6zellikle
MSE kullanmiglaridr. Bu ¢alismada 6zellikle MAPE
degerleri dikkate aliarak performans
degerlendirilmesi yapilmustir. Karakul (2020) YSA
kullanarak borsa endeks degerini tahmin etmistir.
Karakul (2020) MAPE olgiitiinii  performans
degerlemesi i¢in kullanmistir. En iyi YSA modelinin
%7,91 MAPE degerini tiretmistir. Bu ¢alismada ise
egitim, test ve onaylama seti %2 degerine yakin
MAPE sonuglar elde edilmistir.

Genel olarak degerlendirildiginde YSA ile hisse
senedi tahmini basarili olmustur. YSA kullanilarak
finans biliminde tahmin yapilmasi ile oldukg¢a basarili
sonuglar elde edilebilecektir. Iyi bir tahmin, yatirime1
veya hisse ile alakali tiim kesimlerin getiri
performansini artirabilecektir. Sonraki ¢alismalarda
makine 6grenmesinin diger metotlar1 ve farkli yatirim

araglar1 kullanilarak ¢aligmalar yapilabilir.

Etik Kurul Onay1
Gerekli degil.
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Ozet

Bu makalede, havacilik sektoriinde robotik siire¢ otomasyonlarinin kullanilmasina iligkin olasi faydalar ve dngoriiler
sunulmaktadir. Tirkiye’de diisiik maliyetli havayolu sirketlerinin konsepti ve uygulamasi iizerine gidildiginde robotik
siire¢ otomasyonlarmin énemli faydalar saglayacag: diisiiniilmektedir. Kiiresel COVID-19 salgini nedeniyle diinyada
ortaya ¢ikan havacilik krizinin, pek ¢ok ulusu robotik siire¢ otomasyonu kullanimina ittigi ve farkli uygulamalarla maliyet
kalemlerindeki azalig ve verimlilikteki kaybi giderme adina adimlar atildig1 goriilmektedir. Gelecekte siireclerin daha
verimli yonetilebilmesi, yliksek hacimli ve diisiik degisiklik gosteren islerin daha siki kontroller altinda hatasiz
yapilabilmesi ve havacilik gibi yiiksek maliyetli endiistrilerin maliyet boyutlarinin azaltilabilmesi igin gelecek trendler,
mevcut prematiire uygulamalar ve muhtemel gelecek uygulama alanlardan bahsedilmistir.
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Pandemic Period Aviation Industry Applications and Future of Robotic Process
Automations

Abstract

This article presents foresights on potential new benefits of using robotic process automation in the aviation industry.
Low cost airline management in Turkey and processes are expected to provide significant benefits of robotic automation
applications when on the go. It is seen that the aviation crisis, which emerged in the world due to the global COVID-19
pandemic, pushed many nations to use robotic process automation and took steps to reduce cost items and loss in
efficiency with different applications. Future trends, current premature applications and possible future application areas
have been shown in order to manage processes more efficiently in the future, to make high-volume and low-change jobs
under tighter controls, and to reduce the cost dimensions of high-cost industries such as aviation.
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1. Giris

Havayolu  endiistrisi, is  fonksiyonlarim
yonetmede bircok zorlukla karsilasmaktadir.
Ozellikle degisen tiiketici davramisina ayak

uyduramamanin yani sira, degisken yakit oranlari,
hiikiimet diizenlemeleri, daralan marjlar, diisiik
maliyetli uguslardan gelen rekabet ve hava kosullari
gibi birgok belirsizlikle bas etmek zorunda
kalinmaktadir.  Hizmet  kalitesine,  miisteri
rahathigina ve duyarhiliga odaklanilmasina ve is
dinamiklerini desteklemek i¢in gerekli teknolojiyi
benimsemesine ragmen, sektor gelir kagagini
Oonlemede basarili olmakta zorlanmakta ve bu
durum finans direktorleri ve finans yoneticileri i¢in
sorun olmaya devam etmektedir. Havayollarinin
karmagsik bir dagitim kanalina ve gelir yonetimi
stirecine sahip oldugu bilinmektedir. Havayolu
sirketleri, bilet satisin1 en iist diizeye ¢ikarmak igin
farkli seyahat acenteleriyle birlikte caligirlar ve
bunu yapmak i¢in, tahsil edilebilir gelir ile toplanan
gelir arasinda bir fark olmadigindan emin olmak
icin saglam bir kontrol ve izlemeye ihtiya¢ duyarlar.
Bir havayolu, iicret denetimi sirasinda bu boslugu
bulursa, tutardaki fark ic¢in ilgili acentelere karsi
Acente  Borg¢landirmasi
gidebilmektedir.

olugturma  yoluna

Uluslararas1 Hava Tasimaciligi Birligi (IATA)
tarafindan 2015 yilinda yayinlanan yillik verilere
gore, havayolu endiistrisi 579 milyon dolar
degerinde bir iglem hacmine yaklasik 2,3 milyon
adet Bor¢landirmast  olusturdugu
goriilmektedir. Endiistrinin acente borg¢landirma

Acente
stirecini  yonetmek i¢in harcadigi 150 milyon
dolarlik tahmini maliyet ise buzdaginin sadece
gortinen kismudir[1]. Sektorde yaygin olan bu
durum nedeniyle kolektif dolar degeri olan
havayollarinin yillik kayiplar1 tahmin edilemeyen
bir durumdur.

Bilet veya para iadesi diizenlenirken seyahat
acenteleri tarafindan yapilan ticret kurali ihlalleri,
gelir kacaginin baslica nedenidir. Her havayolu
sirketinin acenteler tarafindan uyulmasi gereken
iicret kurallar1 ve politikalar1 bulunmaktadir. Bu
kurallardan herhangi birine uyulmamasi ticret kural
ihlallerine, vergi ihlallerine, iade ihlallerine yol
bilet
havayolunun ticret kurallarina gore, acentenin iptal
iicreti almas1 gerekmektedir. Iptal {icretinin tahsil

acmaktadir. Ornegin, iptallerinde;

edilmemesi, ihlale, havayolunun gelir kaybina ve
toplanan ile tahsil edilebilir gelir arasinda
tutarsizliga neden olmaktadir. Boylece, havayolu
revize edilmis mevcut bileti satmak i¢in ek c¢aba
gostermek zorunda kalmaktadir. Tam tesekkiillii
havayolu sirketlerinin yilda yaklagik 20 ile 30
milyon dolar degerinde bilet sattigi bilinmektedir
[2], bu nedenle bu tiir son dakika ihlalleri biiyiik
problemlere neden olmaktadir. Acentelerin ¢ogu,
ticret kurallarina iligkin bilgisizlik nedeniyle bu
ihlalleri gerceklestirebilir. ~ Bu faktorler, gelir
kacagina neden olmanin yami sira, ¢ok sayida
tekrarlayan ve kasitsiz anormalliklere yol acacagi
icin operasyonel maliyetleri de etkiler.

Operasyonel maliyetlerin etkilenmesi nedeniyle
bircok havayolu sirketi, manuel iicret denetimi
yoluyla acente bilet satislarinda anormallikler
bulmak i¢in {iglincii taraf bagimsiz denetleyicilere
basvurmay1 alternatif segenek olarak
gorebilmektedirler. Buna ragmen so6z konusu
hizmet saglayicilar, modern teknolojiyi kullanma
konusunda isteksiz olduklarindan amaglanan ticret
gibi izlenememektedir.

Acente bilet satiginin iirettigi veri hacmi géz oniine

denetimleri istenildigi
alindiginda, manuel olarak eksiksiz bir iicret
denetimi yapmak miimkiin olamamaktadir. Ucret
denetim sirketlerinin, birka¢ kaynak kullanarak

rastgele veya ornek ticret denetimi
gergeklestirdikleri goriilmektedir ki bu verimsiz bir
yontemdir. Gelir sizintilarim  gidermek, gelir

kacaginin tespiti, havayolu sirketi ile seyahat
acenteleri arasinda senkronizasyon gerektirdiginden
zor ve yaniltici bir istir.

Yiiksek senkron ve siki takip gerektiren bu
islerin gergeklestirilebilmesi i¢in Robotik Siireg
Otomasyonu (RSO) (Robotic Process Automation,
RPA) ve Veri Analitigi gibi teknolojileri kullanmak,
havayollarinin bu senkronizasyonu olusturmasina
ve milyonlarca dolar tasarruf etmesine yardimci
[3]. Robotik Siiregc Otomasyonu
yapilandirilmis gorevleri hizli ve uygun maliyetli
bir sekilde otomatiklestirmek amaciyla bir canli
calisanin teknolojik bir taklididir [4]. Tekrarlayan
yogun emek gerektiren gorevleri yiiriitmek igin

olacaktir

programlanmus bir bilgisayar yazilimini temsil eder.
Daha 1iyi anlagilmasi agisinda Robotik Siire¢
Otomasyonu, ¢esitli is siireglerini tamamlamak igin
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bilgisayarlarda insan kullanicilar tarafindan
gerceklestirilen eylemleri taklit edebilen, bot adi
verilen invazif olmayan yazilimlarin
kullanilmasiyla tekrarlanabilir ve kural tabanli
gorevlerin otomasyonudur|5]. RSO’lar
ekibini gerekli iggdriiler

asagidaki ile

havayolunun finans
kazandirmak adina
giiclendirecektir;

sonuclar

e Hatalarin tespit edilmesinde maksimum
kapsama ve hiz elde etmek

e Gelir kurtarma ve korumada dogru karar
vermeyi saglamak

Bir havayolu sirketinde gelir kacaklarini
azaltmak veya Onlemek i¢in havayolunun finans
ekibinin yardimiyla RSO ekibi tarafindan yiiriitiilen
bir siire¢ calismasi etkili bir yaklasim olarak ele
alinmalidir. Havayolunun finans ekibi, RSO
ekibinin havayolunun politikalarini, rezervasyon
sistemini, Ucret kurallarini, ge¢mis tcret ihlali
egilimlerini ve acentelerin aleyhine diizenlendigi
baglica hatali acenteleri anlamasina yardimci
olacaktir. Havayolu ayrica, toplanan gelir ve gelir
kaynaklari ile ilgili bilgileri igeren yillik veya aylik
satig raporunu RSO ve Veri Analizi ekibiyle
paylasacaktir. Siire¢ ¢alismalari, yalnizca kurallara
ve yonergelere gore kontrol ederek anormallige
neden olan tim faktorleri analiz etmekle
kalmayacak, ayni zamanda RSO uygulamasinin

kapsamimi da belirleyecektir.  Siire¢ c¢aligmast

tamamlandiginda, RSO ekibi, ¢esitli {cret
kategorilerine ve karmasikliklarina goére robotlar
icin uygun programlar yazacaktir. Program,

havayolunun politikalarina, tcret kurallarina ve
ihlal tiirlerine gore filtreler olusturacaktir. Siireg
caligmasina dayali filtrelerin uygulanmasiyla, ticret
denetimi yapmak i¢in kural tabanli bir uygulama
yaratilacaktir. ~ Boylelikle RSO,  programda
belirtildigi gibi tiim biletleri ihlal tiiriine dahil olan
acentelere vb. gore denetleyecektir. RSO, bu
islevlerin dogal ilerleyisini hatasiz taklit eder[5].
Boylelikle bu denetimi gerceklestirirken, her bilet
satigindaki veya iadesindeki tiim 6geleri, havayolu
kurallarina gore kontrol edecektir. Bu, hatalar1 ve
denetimin eksiksizligini tespit etmede dogruluk ve
dakiklik saglayacaktir yazilim robotlari,
havayollarinin =~ maksimum  bilet = hacmini
denetlemesini saglayacak ve onlara gelir kagagini
tespit etme sans1 verecektir.

veE

Mevcut hizmet saglayicilar, elle miidahale ile
bilet denetimi gerceklestir, robot teknolojisinin
uygulanmasi, insan giicii ihtiyacini ve beceri
gelistirmeleri i¢in harcanan miktar1 azalttif1 icin
maliyetleri disiirmektedir. Yalnizca kural temelli
gorevlerde insan eylemlerini  kopyalamakla
kalinmaz, ayn1 zamanda maksimum verimlilik elde
etmek i¢in tutarli ve gilivenilir hizmetler
saglanabilir.  Saglam bir iicret denetimi, gelir
kacagina neden olan sik anormalliklerin ortaya
¢ikmasini dnlemek icin birtakim diizeltici eylemleri
icermelidir. Veri analizi, daha iyi karar alma ve
diizeltici eylemler saglamak i¢in havayollarinin
hatalarin ve gelir kagaklarinin temel nedenini
bulmalarina yardimci olacaktir.

Havayolu sirketleri analitik yontemlerle iicret
ihlali egilimlerini, acente davramslarin1 analiz
edebilir ve tutarsizliklar1 azaltmak igin gerekli
adimlar1 atabilir. Boylece havayolu sirketleri,
acenteleri havayolu kurallari, licret diizenlemelerine
uygunluk gibi konularda egiterek acente ihlallerini
en aza indirmek i¢in bir adim 6ne gegebilir. Bu,
acente  ihlallerinin  sayismin  azaltilmasini
saglayacak ve minimum bilet / dcret hatasim

azaltacaktir. Ayrica, yazilim robotlar ile ekrandaki

hatanin tliriinii  vurgulayan dahili anormallik
tanimlama  mekanizmasina  sahip  g0sterge
tablolarmin  kullanilmasi,  gelir  kagaginin

azaltilmasimi daha da artiracaktir. Anormallikleri
belirlemenin yam1 sira, bu gosterge panolari,
ortalama beceriye sahip herhangi bir kisi tarafindan
izleyebilecegi igin beceri gelistirme maliyetlerini de
Boylece, RSO ve Veri Analizi,
minimum manuel miidahale ile seyahat acenteleri

azaltacaktir.

tarafindan diizenlenen biletlerin denetiminde hiz,
dogruluk ve hacim kapsami saglar. Bu teknolojileri

kullanan havayollar1 yalmizca verimli {icret
denetimi, otomasyon ve hata kontrol
mekanizmasinin  faydalarindan  yararlanmakla

kalmayacak, ayni zamanda uzun vadede sifir ihlal

ve  maksimum  gelir korumasi  hedefine

ulasabileceklerdir [6].

Daha once belirtildigi gibi, RSO gergeklestiren
robotlar, tekrar eden gorevleri yerine getirmek i¢in
tasarlanmustir ve tiim siirecler bu tiir bir otomasyona
uygun degildir. Fung'a[7] gore, RSO i¢in uygun
stiregler i¢in tipik kriterler sunlardir [7];

292



’A I/e ISSN:2587-1676

5 (2): 290-297 (2021)

Diisiik biligsel gereksinimler: Cok sayida
tekrarlayan gorev iceren siirecler, RSO
uygulamasi icin ideal adaydir, ancak ¢ok
sayida farkli, karmagik goérev iceren
karmasik siireclerin RSO tarafindan ele
almmmasi daha zordur (veya imkansizdir).

e Birden fazla sisteme erisimin gerekli
olmadigrt  durumlar: RSO,
uygulamalarin iizerine uygulanir, ancak
genellikle tek bir uygulama veya bilgi
sistemi igindeki gorevleri veya islemleri
otomatiklestirir.

e Yiiksek hacimli siiregler:
olusturulmus ve siklikla kullanilan siirecler

RSO uygulamasi igin iyi

mevcut

Onceden

ve gorevler,
adaylardir.

e Yiiksek insan hatasi olasilig1r olan isler:
Tipik olarak  operatdrler tarafindan
gerceklestirilen ve insan hatasi olasiliginin
yiliksek oldugu siirecler ve gorevler RSO
uygulamasi i¢in siireglerin segilmesinde ilk
secenek olmalidir.

o Diisiik toleransh iglemler: Bazi istisnai

durumlar hari¢ ¢ok fazla tolerans olasiligi

olmayan siiregler RSO uygulamasi i¢in
otomatiklestirilecek potansiyel adaylardir.

2. Yazilim robotlarimin pandemi déneminde
etkileri
Kisa bir siire i¢inde, diinyanin dort bir yanindaki
COVID-19 pandemisinden
kaynaklanan seyahat yasaklar1 ve kisitlamalari

havalimanlari,

nedeniyle en agir darbeyi yasadi. Uluslararasi trafik
genellikle geri donis ucuslart ve kargo ile sinirh
oldugundan, operasyonlar biiyiik 6lgiide kesintiye
ugradi veya tamamen durduruldu ve ¢ogu havaalani
salonu neredeyse bos kalmustir.

Akilli
otomasyon ve yapay zekanin benimsenmesinin
hizlanmasi muhtemel krizlerde

teknolojiler, havacilik  sektoriinde
sonucu

havayollarinin ve havalimanlarinin
desteklenmesinde biiyiik rol oynayacaktir. Ornegin
Covid-19 gibi bir krizde verimliligi artirmak ve
insan temasini en aza indirmek i¢in havalimaninin

birgok standardi ve yeni islevi otomatik hale

getirmesi  kolaylasacak, yolcular daha fazla
temassiz  check-in ve gilivenlik  islemleri
yapabilecek, semptom taramasi, sosyal ortami

korumak i¢in 1s1 haritalar aktif hale gelebilecektir.

COVID-19, insanlarin diinya ¢apinda iilkeler arasi
seyahat etmesini kisitladi ve c¢esitli iilkelerde
insanlardan  minimum sosyal etkilesim veya
toplanma diizeyi ile yogunlukla kendi evlerinde
izole kalmalar istendi. Baz1 havayolu sirketleri,
ucus kapasitesini ve ucus sayisini onemli Olgiide
diistirerek tarihi diisiik rekorlara indirdi ve zarar etti.
Buna ek olarak, havayolu, diinya ¢apindaki bazi
calisanlarina {cretsiz izin (ancak sosyal haklar
birakma) saglamak gibi bazi sert dnlemler alindi.
Sadece havayolu firmalar degil, tim sektordeki
calisanlarin  azaltilmasi uzaktan calisma
prensibinin aktif uygulaniyor olmasi hayatin bir
parcasi haline geldi. Bu anlamda RSO soyle
saglayabilir; calisanlari,

Ve

¢Oziimler havayolu
evlerinde iyilestirilmis siire¢ verimliligi ile is
stirekliligi saglamak icin finans ve muhasebe,
tedarik  zinciri, insan kaynaklar bilgi
teknolojileri  operasyonlarindaki  katilimli
gbzetimsiz otomasyonlari1 kullanabilir. Tanimlanan

siire¢ firsatlar1 arasinda miirettebat planlamasi,

veE
Ve

operasyon kontrolii, bagaj tasima, rezervasyon,
faturalama ve yerlesim ve ag planlamasi yer
almaktadir. Is siirekliligini saglayan ve yiiksek
diizeyde miisteri memnuniyeti saglamayan ve
isletme maliyetlerini azaltan, kisaca operasyonel
verimliligi tepelere tasiyan yeni bir siire¢ ortaya
¢ikmaktadir. Bu teknolojik model,
calismayr otomatiklestirerek is
operasyonlarinin yerini alacak, daha c¢ok insan
alici, ozellikle hataya agik
etkin

manuel
tim sistemi
yogun,
operasyonlari
denilebilir [8].

zaman

igerik islere  doniisecek

3. Robotik siire¢ otomasyonu ile baglantih
baz1 drnekler

Yapay zeka, ¢ok cesitli endiistrilerde artan bir
sekilde benimseniyor ve su anda biiyilk miktarda
veriyi isleme ve gorevleri ve prosediirleri diizene
koyma yetenegi nedeniyle havalimanlarinin ¢esitli
yonlerinde kullaniliyor. Ornegin, Havalimanlarinda
yapay zekanin kullanilma yontemlerinden biri de
oneri motorlarinda goriilebilir. Oneri motorlar,
Netflix'ten Amazon'a kadar popiiler cevrimici
hizmetlerde yaygin ve bunlar1 sayisiz seyahat
saglayicisinda
Yapay zeka platformu, ge¢cmis rezervasyonlar,
davranis izleme teknikleri, meta veriler, satin alma
gecmisi ve gercek zamanli veriler gibi yolcunun

gegmis

rezervasyonu da bulabilirsiniz.

verilerini,  yolculara  son  derece
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kisisellestirilmis tekliflere kadar analiz ederek elde
tutma oranini ve bir miisterinin yasam boyu degerini
analiz edebilmektedir.

Ik 6rnek olarak Chatbotlar veya Botlar (Sohbet
robotlart) verilebilir. Chatbotlar veya Botlar
kullanicilar belirli hizmetlere veya satis noktalarina
yonlendirebilir, ucus bilgileri giincellemeleri
saglayabilir ve daha fazlasini saglayarak personeli
daha degerli faaliyetlere odaklanmaya ve insan
temasini azaltmaya ayirabilir. Sohbet robotlar1 ve
miisteri hizmetleri otomasyonu insan gibidir, basit
sorular1 anlar ve gilindelik konusma tarzinda yanit
verir. Havalimanlar1 sohbet robotlarmi kullanarak
7/24 miisteri destegi saglayabilir ve insan temasini
azaltabilir.

Bir diger uygulama 6rnegi bagaj taramasi i¢in
verilebilir. Kontrol edilen bagajlar, daha derin bir
inceleme ile yiiksek riskli bagajlar1 ayirt edebilir ve
yapay zeka tabanli ve robotik yardimli bir sistem ile
bagaj  kontrolleri  risklerden  arindirilabilir.
Glinlimiizde yapay zeka destekli yiiz tanima
¢oziimleri, bireylerin alanda nasil hareket ettiklerine
dair 6ngoriiler saglar ve ¢ok daha hizli karar almay1
saglar. Ozellikle yapay zeka tabanli termal
kameralar/video analizleri, yliz tanima ve ates
Oleme icin kullanilir. Yapay zeka tabanli video
analizi, kaliplar1 ve egilimleri tespit etmek icin
genellikle kameralardan alman video akiglarina
bakmak i¢in algoritmalar ve bilgisayarla gérme
teknolojisini kullanir. Analiz ger¢ek zamanli olarak
gerceklesir ve kitle toplama, insanlarin duygu ve
davraniglari, genel 1s1 haritas1 ve benzeri eyleme
gecirilebilir zeka saglar.

TAV Teknolojide basarili yapay zeka ¢oziimleri
ile glinlik hayatlarimmz1 etkilemek icin perde
arkasinda yapay zeka ve makine Ogreniminin
kullanildig1 pek ¢ok harika yol var. Yapay zekanin
Amazon ve Netflix gibi iiriinlerde, miizik ve filmler
icin kisisellestirilmis Onerilerle nasil uzmanlastigina
dair 6rnekler goriiyoruz. Tiiketiciler bu dzellestirme
diizeyine daha asina hale geldikg¢e, diger isletmeler
de aligveris yapanlara farkli kanallarda benzer
deneyimler sunma zorunlulugu ile karsi karsiya
kalmaktadir. TAV Teknolojide yapay zeka destekli
On siparis, perakendeci iriin envanteri ve yolcularin
davraniglarina dayali olarak akilli ek satis ve ¢apraz
satig iirlin Onerileri olusturan giiglii bir iiriin 6nerisi
bulunmaktadir. On siparis ile, sezgisel bir ara

yiizden, yolcuya iirlin Onerilerini otomatik olarak
tanitabiliyor, agirliklandirabiliyor ve
filtreleyebiliyor. TAV Teknoloji ile giiglii iiriinii,
uygulamanin giris agsamasindan satis noktasina
kadar kaydettigi tim degerli miisteri verilerini,
siparig gecmisini ve trafik bilgilerini toplamakta ve

belirli algoritmalar ile bu wverileri isleyerek
yolcularin ihtiyaglarini ve egilimlerini
ogrenebilmektedir.  Isletmelerin  &zellestirilmis

hizmetleri, daha yiiksek siparis degerlerini tesvik
eden akilli promosyonlar ve aymi anda yolcu
memnuniyetini ve bagliligini artiran gelir artisi
saglamasina yardimci olmaktadir. On  siparis,
yolcularin sevecekleri egyalar1 kesfetmelerine ve
degerli zamanlarim1 ©6ngorii  kabiliyetleri ile
kurtarmalarina  yardimci  olurken,
tercihlerine ve ilgi alanlarina daha uygun 6nerilerde

bulunulmasina da olanak tanimaktadir. Yolculari

yolcularin

cezbederek ve iirlinleri veya hizmetleri satin almaya
tesvik ederek isletmelerin miisterilerle daha iyi
etkilesim kurmasmma ve satiglarini artirmasina
yardimce1 olmaktadir.

Ayrica TAV Teknolojisinde yapay zeka destekli
ucus gecikme tahmini bulunmaktadir.
Havalimaninda ve wugus iptallerinde gecikme
yasayan yolcular i¢in ne kadar sinir bozucu ve
stresli oldugu bilinmektedir, ugus gecikmesi sadece
yolcular, kargo ve operasyonlar {izerinde degil, ayn1
zamanda ekonomiyi de etkilemektedir. Bu teknoloji
ile gegmis operasyon verilerini kullanarak olasi
ucus gecikmelerini tahmin etmek i¢in yine yapay
zeka ve makine Ogrenimini kullanilmaktadir.
Boylece ucus gecikme tahmin ¢ézlimiinii kullanarak
potansiyel gecikmeleri kolayca tahmin edebilmekte,
ucus ekibi atamalarin1 ve kaynak planlamalarini
buna gore uyarlayabilmekte ve aym zamanda
yolculara  en iyi miisteri deneyimini
sunabilmektedir. Ozetle, havalimanlarinda
uygulanan yeni teknolojiler, giivenlik riskleriyle
miicadele sagliyor,
deneyimini

sosyal mesafeyi

ve

ediyor,
verimliligi  artirtyor
gelistiriyor [9].

miisteri

4, RSO aracligiyla otomatiklestirilebilen
seyahat ve ulasim arka ofis siirecleri
Ofis arkas1 siiregler, biletlendirme, PNR
(Passenger Name Record — Yolcu Isim Kodu)
degisiklik  izleme, degisiklikleri  planlama,
diizensizliklerin yonetimi, iptaller/degisimler, geri
O0demeler, bilgi yonetim sistemi ve analitik
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faturalama gibi basliklar altinda incelenebilir. En
ucuz ucak bileti ¢caginda, seyahat edecek yolcularin
biiyiik 6lgiide fiyat politikalar1 ile motive edildigini
varsaymak kolay olurdu, ancak bu tamamen dogru
degildir. Aslinda, daha fazla miisteri, hangi
havayollarinin ve havalimanlarinin kullanilacagini
secerken operasyonel performanslara dikkat
etmektedir. Son arastirmalar, yolcularn bilet fiyati
ve ugus programini dikkate alirken, gecikme ve iptal
olasiliginin iyi yonetimini saglayan havayollarim
tercih ettigini ve bunun yolcu karar verme
siireglerini  etkiledigini  gostermistir.  Birlesik
Krallik'ta yapilan bir arastirmaya gore, yolcularin
beste birinin daha iyi hizmet almak i¢in belirli bir
havaalanindan u¢mak i¢in daha uzaga seyahat
edecegini ortaya koymustur [10]. Iste tam bu
noktada, havayolu endiistrisi miisteri deneyimini
iyilestirmeye yardimci olmak i¢in akilli otomasyona
yonelmektedir. Yonetim danigmanligi firmasi
KPMG, tiim sektorlerdeki sirketlerin bugiin 12,4
milyar dolardan 2025 yilina kadar yapay zeka
pazarina 232 milyar dolar yatirim yapmasinin
beklendigini bildirmektedir [11].

sadakati
onemlidir, ancak miisteriler geciken veya iptal
edilen uguslar nedeniyle sadakat sorunu
Akilli dolayistyla
otomasyonlar, gecmis ucus ve ucak verilerinden
yararlanarak bu sorunlarin ¢6ziilmesine yardimci

Miisteri havayolu sirketleri igin

olustururlar. ve Ogrenen

olabilir. Ornegin Delta, hata kodlarim bir araya
getirerek, motor uyarilarina Oncelik vererek ve
proaktif olarak mekanik sorunlar arastirip, ¢ozerek
ucak motorlarinin saglikli calismasini saglamak i¢in
cesitli veri izleme araglar1 kullanmaktadir. Sirket
kisa siire 6nce gecikmeleri, hizmet kesintilerini ve
iptal edilen uguslar1 tahmin etmeye yardimci olmak
icin yeni ucaklarinda tahmine dayali analitik
Delta
havayollari, ayrica yapay zekay1 miisteri hizmetleri

uygulamalar kullanmaya baslamisgtir.
modeline dahil etmis ve miisteri verilerini ucus
goriintir  kilarak,

kisisellestirebilmistir.

gorevlilerine
etkilesimlerini

yolcularla
Delta’nin
miisteri katilmi ve sadakatinden sorumlu baskan
yardimcist  Sandeep Dube [12], havayolu
potansiyel
kisisellestirilmis bir sekilde tanima becerilerini
gelistirmek i¢in biliylik veriden yararlanmak,
miisteri deneyimi yolculugumuzda atilabilecek
onemli bir adimdir seklinde ifade etmistir [12].

calisanlarinin  biitlin miisterileri

TELUS uluslararasi iiriin pazarlama direktorii
Kirsten Jepson [13] ise ¢ogu havayolunun akilli
otomasyon ve yapay zeka vaadini gOormesine
ragmen, bircogunun nereden baslayacagindan emin
olmadigina inaniyor ve ¢agri merkezi mantikli bir
ilk adimin dogru olacagimi soyliyor. Miisteri
hizmetleri calisanlarindan daha kisa siirede akilli
otomasyonlar, aracilara rutin gorevlerde yardime1
olabilmektedir. Bilgi yonetimi botlari, gecmis
sorgulara dayali olarak gelecekteki istekleri tahmin
etmelerini saglayan mevcut tiiketici bilgilerinin bir
hiyerarsisini  olusturarak  aract  yanitlarinin
dogrulugunu ve alaka diizeyini iyilestirebilir.
Jepson'a [13] gore, nihai amag, ¢alisanlarin yerini
almaktan ¢ok onlara daha akillica yardim etmektir .

Jepson [13] ayrica, yapay zekanin ve tim
bilesenlerinin, temel bir yetenek haline gelene kadar
bir sirket icinde gelistirilmesi gereken bir ekosistem
oldugunu  belirtmektedir. Simdiden,  bazi
havayollari, tiiketicilere konusma botlar1 gibi self
servis araglar araciligryla kendi baslarina yanit alma
giicii vererek iletisim merkezi temsilcilerine sorulan
tekrar eden sorularin sayisini azaltmak ic¢in akill
otomatik sistemler kullanmaktadir. Bu, havayolu
temsilcilerinin  miisterilerin  ihtiyaglarin1 = daha
derinlemesine incelemelerine olanak taniyacaktir.
Diger sektorlerde oldugu gibi, ¢ok sayida sikici
gorevin lstesinden gelme baskisi altinda olmayan
miisteri hizmetleri temsilcileri, sorunlart bir makine
tarafindan ¢oziilemeyen tiiketicilere daha iyi hizmet
verebilecektir. Jepson[13], "Miisteriler sadece bir
sonraki ugusglarina veya otellerine miimkiin olan en
kisa siirede gitmek istiyor" diyor ve miisteri
hizmetleri temsilcileri, en iyi yaptiklart seye
odaklanmakta 6zgiir olmal1 ve bilgisayarlarin en iyi
yaptiklar1 seyi yapmasina izin vermelidir” diye
acikliyor. Daha dogru ucus bilgileri sunmak,
seyahat gecikmelerini azaltmak ve miisteri
deneyimini kisisellestirmek, sirketlerin uzun vadeli
basaris1 iizerinde bilyiik bir etkiye sahip olabilir.
Akill1 otomasyon, daha iyi hava yolculugu ve
herkes icin daha keyifli bir deneyim i¢in uzun
zamandir  beklenen ¢dziim  oldugunu  her
zamankinden ¢ok daha fazla isaret etmektedir.

Veriler giiniimiizde her seydir. Veriler gittikge
daha fazla tiretiliyor ve kuruluslarin ¢alisma seklini
yonlendiriyor. Veriler kurulus genelinde olusturulur
ve ardindan sistemlere islenir. Veriler ¢ogu zaman
herhangi bir miidahale olmaksizin ara yiizler
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tarafindan islenir. Ancak, tim veri isleme ve veri
isleme eylemleri arabirimler tarafindan
gergeklestirilemez ve bu nedenle insan miidahalesi
gerektirebilir. Yiiksek miktarlar ve kesintisiz veri
akis1 nedeniyle, manuel igleme gorevleri genellikle
tekrarlayan, sikict zaman alict olarak
yorumlanmaktadir bu kuruluglar, diger
kaynaklarm  eksikligi  nedeniyle  genellikle
calisanlarinin degerli calisma saatlerini bosa
harcarlar.

Ve
Ve

Robotik Siireg Otomasyonu bir¢ok sektorde
gorevlerin ele alinma seklini doniistiiren, fakat
yikict olmayan bir teknolojidir. RSO, yazilim
robotlarinin, kullanicilarinin normalde
gerceklestirecegi eylemleri taklit etmesine izin
verir, ancak bunu daha hizli ve potansiyel insan
hatas1 olmadan gergeklestirebilir. Bu nedenle RSO,
personelini sikic1 ve tekrarlayan gorevleri yerine
getirmek yerine gergekten Onemli olan seylere
odaklanmalar1 i¢in serbest birakma konusunda
havayolu ugusa elverislilik yonetimi ve bakim
departmanlarini destekleme konusunda biiyiik bir
potansiyele sahiptir. Bir yildan daha uzun bir siire
once, EXSYN ve Vueling[14], RSO {izerinde is
birligine baslamis olup o zamandan beri bir yazilim
robotu, Vueling’in 100'den fazla ucaktan olusan
gece bakim ig
Olusturmasina yardimci olmaktadir [14]. Sonug
olarak, havaalanlar1 daha fazla otomasyon igin

tim filosu igin paketleri

calistyor ve robotik asistanlardan miisterilerin
ihtiyag duyduklar1 bilgilere yapay zeka yolu ile
yardimel olmak igin siiregleri diizene koymakta ve
verimliligi Simdiye kadar bu
teknolojiler, bekleme siirelerini azaltan, giivenligi

arttirmaktadir.

artiran ve havaliman1 miisteri deneyimini iyilestiren
olumlu sonuglar tiretmistir.

5. Sonug¢

Robotik Siire¢ Otomasyonu, havayolu i¢in nasil
faydali olabilir? Bir havayolunda, tekrarlayan veya
rutine dayali bir yapiya sahip birgok gorev
bulunmaktadir. Bu gorevler, degerli zamana mal
olur, motivasyonu azaltir ve insan kaynakli hata
riskini arttirir. RSO uygulanmasi, bir havayolunun
verimliligini artirir, havayollarin1 daha rekabetci
hale getirir ve insan kaynakli hatalarn azaltabilir
hatta ortadan kaldirabilir. Is fonksiyonlarini,
Ozellikle de karmasik dagitim kanallar1 agim
yonetmek s6z konusu oldugunda, birgok zorluk

havayolu endiistrisini rahatsiz etmektedir. Uzun
vadede geliri en st diizeye ¢ikarmak igin optimize
edilmis bir ¢6ziim olusturmaya yonelik ¢alismanin
yant sira, giiniimiizde rekabet etmek ayni1 zamanda
kar marjlarini iyilestirmekle de ilgilidir. RSO ile
birlikte  Veri  Analitigi, acente
bor¢lanmasi ve maksimum gelir korumasi elde
etmeye yardimer olacak sekilde hiz, dogruluk ve
hacmini artiracagi goriilmektedir.

minimum

RSO, havayolu sirketleri icin faydali bir
otomasyon birimi olacaktir. Ayrica, ugus iptallerini
ve yeniden rezervasyonlar1 yonetmek, geri 6deme
yapmak ve ugaga binmeden dnce bilet olusturmak
gibi tekrar eden gorevleri yerine getirmeye yardimci
olacaktir. Bu teknolojiyi ugus deneyimine dahil
etmek, seyahatiyle ilgili
sorunlarinin ¢ogunu ortadan kaldirabilir. letisim
merkezinde yapay zek@ya sahip bir eklenti,
havayolu miisteri hizmetleri sektdriinde de dalga
yaratan akilli otomasyondur. RSO’nun etkisini en
st diizeye ¢ikarmak icin, kuruluslarin uyumlu, kisa

havayolu miisteri

stirede i sunan ve hacim dalgalanmalariyla hiz,
ceviklik ve esneklikle basa c¢ikabilen uygun
maliyetli ihtiyact  vardir. RSO
teknolojisini geleneksel otomasyondan ayiran sey,
kusursuz yapist ve robotlarin yapilandirilabilme

¢oziimlere

hizidir. Ulkemizde kuruluslarin basarili bir sekilde
RSO’yu isletmelerine kurabilmeleri i¢in etkili bir
strateji  olusturmalar1 ve tecrilbbe edinmeleri
gerekiyor. Bu konudaki deneyimler {ilkemizde
maalesef heniiz yok denecek kadar azdir. Ezciimle
olarak; Bir veya daha fazla dijital sistemde eylemler
gerceklestirebilen yazilim robotlart olusturmak
gelecekte birgok sistem igin zaruri bir ihtiyag¢ haline

gelebilir.

Etik Kurul Onay1
Gerekli degil.
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Havalimam Giivenlik Yénetiminde Teknoloji ve Insan
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Ozet

Seyahat edilen iilkeler hakkinda ilk izlenimlerin edinildigi yer havlimanlardir. Ulkelerin prestiji agisindan ve ziyaretgiler
tizerindeki etkisi nedeniyle biiyiikk 6neme sahip olan havalimanlarinin giivenliklerinin saglanmasi da olduk¢a 6nemlidir.
Gegmiste uygulanan gilivenlik prosediirleri, havacilik sektoriiniin vazgecilmez unsurlar1 olan hiz ve konforu olumsuz
yonde etkileyerek bir takim giivenlik zafiyetlerine neden olmustur. Bu olumsuzluklarin giderilmesinde teknoloji ve insan
unsurlarmin birlikte kullanilmasi gerekli goriilmektedir. Teknoloji, giivenlik hizmetlerinden taviz verilmeden bu
hizmetlerin kolaylastirilmasim saglamaktadir. Ancak teknoloji tek basina yeterli olmamak ile beraber insan unsuru ile
tamamlandiginda bir anlam ifade etmektedir. Caligmada havalimanlarinda giivenligin saglanmasinda yararlanilan
teknolojiler ve bu teknolojileri kullanan insan unsuru incelenmistir. Kap1 ve el dedektorii, viicut tarama sistemi, x-ray
cihazi, patlayici tespit cihazi, iz ve koku tespit cihazlariin ¢aligma prensipleri, kullanim amagclari, avantaj-dezavantajlari,
insanlara kullamimda ve karar vermede sagladiklari kolayliklar, insanin bu teknolojilere uyumunun saglanmasinda
yapilabilecekler; ise alimda dogru secim, baslangic ve tazeleme egitimleri, sertifikasyon, tecriibe, performans
degerlendirme, giivenlik bilincine dayali 6rgiit kiiltiirli gibi unsurlar ele alinmistir. Caligmanin sonucunda bu iki unsurun
uyumunun etkin bir sekilde saglanmasi durumunda havalimani gilivenliginin en iyi diizeyde gerceklestirilebilecegi
degerlendirmesi yapilmisgtir.

Anahtar Kelimeler: Havacilik Giivenlik Yonetimi, Havalimani1 Giivenliginde Teknoloji, Havalimam Giivenliginde insan

Technology and Human Factors in Airport Security Management

Abstract

Airports are the place where first impressions are made about the countries visited. It is also very important to ensure the
security of airports, which are of great importance in terms of the prestige of the countries and their impact on visitors.
Security procedures implemented in the past have negatively affected speed and comfort which are indispensable elements
of the aviation industry has caused a number of security weakness. In order to overcome these negativities, it is necessary
to use technology and human elements together. Technology enables these services to be facilitated without
compromising security services. However, although technology alone is not sufficient, it makes sense when it is
completed with the human element.
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In this study, the technology used to provide security in airports and the human who uses these technologies has examined.
In this study, the working principles, advantages/disadvantages, and decision-making convenience to human beings of
walk-through and hand-held metal detectors, body scanning system, x-ray devices, the explosive detection system, trace,
and vapour detection devices were discussed. Also, the selections of the right personnel for the job, the efficient training,
certification, job experience, performance evaluation, organizational culture issues were discussed. As a result of this paper,
it has been assessed that airport security can be achieved at the best level if the compatibility of these two elements is

managed effectively.

Keywords: Aviation Security Management, Technology Factors in Airport Security, Human Factors in Airport Security

1. Giris

Havalimanlar, iilkelerin diinyaya tanitimi
acisindan bir prestij kapisi olmasinin yaninda iilke
ekonomisine katki saglayan Onemli yerlerdir.
Ulkeler icin bu kadar o6neme sahip olan
havalimanlarinda giivenlik hizmetinin saglanmasi
da olduk¢a Onemlidir. Ciinkii havalimanlarinda
yapilacak olan herhangi bir yasa dis1 eylem, tim
diinyada aninda duyulmaktadir. Bdyle Onemli
konuma sahip havalimanlarinin  giivenliginin
saglanmasi sirasinda yapilacak ufak bir hata bile
terorist eylemlerinin sonuglarinin  ¢ok biiyiik
boyutlarda olmasina neden olmaktadir. Bu nedenle
havalimanlari gegmisten gilinlimiize ¢esitli terdr
eylemleri icin cazip alanlar olmustur. Havacilik
sektoriinde giivenligin 6nemi 1968-1972 yillari
arasinda gerceklestirilen 364’ten fazla ucak kacirma
hadisesi ile daha iyi anlagilmistir. Bu eylemleri
onlemek i¢in iilkeler ¢esitli diizenlemeler yaparak
havalimanlarinda giivenlik tedbirlerini arttirmaya
caligmislardir. En Onemli uygulama da ugaga
binislerden Once

yolcularin ve bagajlarinin

aranmasi olmustur [1].

Havalimanlarinda yapilan giivenlik kontrolleri
ile sunulan hizmet kalitesi arasinda hassas bir denge
vardir [2]. Giivenlik uygulamalarinin uzun siirmesi,
bekleme siiresini arttirmakta ve yolcular rahatsiz
etmektedir [3]. Geg¢miste uygulanan giivenlik
prosediirlerinin, havacilik sektoriiniin vazgegilmez
unsurlar1 olan hiz ve konforu olumsuz ydnde
etkilemesinin yan1 sira gilivenligi saglamadaki
etkinligi de az olmustur. Ozellikle Amerika Birlesik
Devletleri'nde 11 Eylil 2001 tarihinde Diinya
Ticaret Merkezi binalarina terdristler tarafindan
kacirilan ugaklarla yapilan saldirilar sonucunda tiim
diinyada ticari hava tagimacilik sisteminin giivenligi
sorgulanmaya baglanmistir [4]. Bu olaylar hava
tagimaciliginda giivenligin ne kadar oOnemli
oldugunu ve giivenlikten hicbir zaman taviz
verilmemesi gerektigini gostermistir.

Yasanan gelismeler havaliman1i  gilivenlik
yonetiminde kullanilabilecek en 6nemli unsurlarin
teknoloji ve insan oldugunu ortaya koymustur.
Teknoloji  unsuru, giivenlik  hizmetlerindeki
kaliteden taviz verilmeden bu hizmetlerin
kolaylastirilmasint saglamakta ancak tek basina
yeterli olmayip insan unsuru ile tamamlandiginda
bir anlam ifade etmektedir [5, 6]. Bu nedenle
havaimani giivenlik yonetiminde yararlanilan tiim
kaynaklarin etkin ve birbirleriyle uyumlu bir sekilde
calistirilmas1 biiyiik 6nem arz etmektedir. En iyi
teknoloji ancak onu kullanan insan kadar basari
saglamaktadir [7].

Bu caligmada havalimani giivenlik yonetiminin
etkin bir sekilde saglanmasinda teknoloji ve insan
unsurlart ele alinarak bu unsurlarin uyumunun
saglanmasinda yapilabilecekler incelenmigtir. Bu
kapsamda oncelikle havalimani giivenlik yonetimi,
havalimani giivenliginde kullanilan teknolojiler ve
insan unsuru ile ilgili kavramsal c¢ergeve
belirlenmistir. Daha sonra bu iki unsurun uyumunun
saglanmasina
incelenmistir.

yonelik yapilabilecekler

2. Kavramsal Cerceve
2.1. Havalimani Giivenlik Yonetimi

Havacilik sektoriindeki faaliyetler, uluslararasi
alanda gergeklestirildigi i¢in biitin uygulamalar
tiim diinya iilkelerini ilgilendirmektedir. Bu nedenle
havacilik sektoriindeki tiim kurallar, uluslararasi
ortaklasa aldiklar1 kararlar
dogrultusunda ortaya ¢ikmaktadir.

organizasyonlarin
Havalimani
giivenligi konusunda da Uluslararasi Sivil Havacilik
Organizasyonu’nun (ICAO) yayinlamis oldugu Ek-
17 ve ICAO Dokiimant 8973’te
giivenliginin tesis edilebilmesi
gerekenler detayli olarak belirtilmistir.

ICAO, Ek-17°de giivenlik kavramini sivil
havaciliga karsi girisilen kanunsuz eylemlerin
onlenmesi olarak tanimlamistir. ICAO bu amaca

havacilik
icin yapilmasi
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insan ve diger kaynaklarin kombinasyonu ile
ulagilabilecegini belirtmektedir [8].

Havalimanina yonelik olasi yasadisi eylemlere
kars1 havalimani giivenlik yOnetiminin
saglanabilmesi amaciyla havalimanlarinda arag,
yolcu ve personel giris kontrol noktalar1 gibi cesitli
giivenlik noktalar1 olusturulmakta ve bu noktalar
belirli  teknolojik cihazlarla ~ donatilmaktadir.
Giivenlik yonetiminin etkin saglanabilmesi i¢in de
ICAO EKk-17°de belirtildigi gibi insan ve bu
teknolojik kaynaklarin uyumunun tesis edilmesi
gerekmektedir.

Havalimanm1 gilivenliginin saglanmasinda en
onemli unsur tehlikenin tespit edilmesidir. Harris’e
gore tehlikeler sadece yolcu ve bagajlardan
kaynakl1 degil ayni zamanda personel, kargo, ikram,
bakim ve temizlik malzemeleri, terminalde satilan
cesitli lirlinlerden de kaynaklanabilmektedir. Bu
nedenle kabul edilebilir bir giivenlik seviyesi i¢in
yolcu ve bagajlarin yani sira havalimanina giren
tim unsurlar giivenlik kontroliinden gegirilmelidir

[9].

Kontrol noktalarindan gegen her unsurun
tehlikeli maddelerden arindirilmis olarak gecis
yapabilmesi i¢in giivenlik gorevlileri tarafindan
cesitli cihazlar kullanilmaktadir. Giivenlik kontrol
siirecinin ~ ¢ok almasindan  dolay1
havalimanlarinda gilivenligin saglanmasina iligkin
ortaya konulan teknolojik gelismeler bu siireci
kisaltilmaya yonelik olarak gergeklestirilmektedir

[10]. Ozellikle yolcularmn giivenlik kontrolleri igin

zaman

beklemeye gosterdikleri tahammiil siiresinin yillar
itibariyle giderek azaldigi yapilan arastirmalarda
ortaya konulmasi bu durumun &nemini daha iyi
gostermektedir. IATA Kiiresel Yolcu Anketinin
2012 yil1 bulgular giivenlik kontrolii i¢in yolcularin
%21’nin 10-20 dakika, %51’nin 5-10 dakika,
%?27’sinin 5 dakika veya daha az siire beklemeye
istekli olduklarin1 gdstermistir. 2015 yilinda yapilan
ayn1 anketin sonuglar ise giivenlik kontrolii i¢in
yolcularin %7’sinin 10-20 dakika, %48’inin 5-10
dakika, %45’nin 5 dakika ve daha az siire
beklemeye istekli olduklarin1 ortaya koymustur
[11]. Yolcularin giivenlik kontrollerinde beklemeye
gosterdikleri sabrin giderek azalmasi, tehlikelerin
hizli ve etkin bir sekilde tespit edilebilmesi igin
geligmis teknolojik cihazlara ve bu cihazlan
kullanan personelin yeterliliginin yiiksek olmasina
duyulan gereksinim giderek artmaktadir.

Gilvenlik kontrolleri yapilirken teknoloji ve
insanin birlikte degerlendirildigi ve bu iki unsurun
birbirlerine uyumu saglandigi taktirde giivenlik
yonetiminin etkinligi saglanabilmekte ve yapilan
kontroliin hiz1 arttirilabilmektedir [5]. Calabresi
2015 y1li ¢aligmasinda, Time Dergisi i¢in yaptigi bir
arastirmada Amerika Birlesik Devletleri Milli
Giivenlik (Homeland Security) birimleri tarafindan
iilkedeki havalimanlarinda yapilan denetimlerin
sonuglarini degerlendirmistir. Yapilan denetimlerde
yetkililer yolcu gibi davranip sahte silah ve
bombalar yerlestirilmis bagajlariyla havalimani
kontrol noktalarindan ge¢cmeye caligmislardir.
Giivenlik cihazlarina yapilan milyon dolarlik
yatinmlara ragmen denetimler %96 oraninda
basarisizlikla sonuglanmis ve tehdit unsurlar tespit
edilememistir. Bunun nedeni olarak giivenlik
personelinin yetersizligi gosterilmistir. Ozellikle
diisiik maas, yogun calisma, yiiksek is devir hizi ve
moral bozuklugu gibi unsurlarin basarisizlikta etkili
oldugu degerlendirilmistir [12].

Sadece teknoloji ile giivenligin
saglanamayacagini, insan unsurunun da teknolojiye
uyumunun saglanmasi gerektigini ortaya koyan
arastirmalardan  yola
havalimani

¢ikilarak bu c¢alismada
giivenlik  yonetiminin  etkinliginin
arttirilabilmesi icin teknoloji ve insan unsurlari
incelenerek insan unsurunun teknolojiye uyumunda

yapilabilecekler degerlendirilmistir.
2.2. Havalimani Giivenliginde Teknoloji

Ter6r eylemleri i¢in cezbedici alanlar olmasi
nedeniyle havalimanmin giivenliginin saglanmasi
konusu 6nem tagimaktadir. Patlayicilarla yapilan
terorist gelismis
sistemler ve buna iligkin teknolojilerin tiretilmesi ve
kullanilmas1 6ncelikli hale gelmistir [13]. Ozellikle

eylemler nedeniyle tarayici

1988’de Pan Am havayolu sirketinin 103 sefer
sayili u¢agimin kargo béliimiinde bulunan bagajin
bir bombayla patlatilmasi hadisesi, kargo boliimiine
konulacak  bagajlarin  giivenlik  taramasindan
gegirilmesine iligkin tedbirlerin alinmasina ve
patlayici tespit cihazlarinin gelistirilmesine neden
olmustur [14].

Tehlikenin biiylikligii nedeniyle giivenligi
saglamada  yararlanilan  teknolojiye  biiyiik
yatinmlar  yapilmaktadir. Bu  yatirnmlarda

havalimanina giren yolcu, personel, bagaj ve kargo
gibi her unsurun incelenebilmesini ve yasadist
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eylemlerde kullanilacak her tiirlii silah, patlayici ve
diger tehlikeli aletlerin tespit edilebilmesini
saglayan cihazlar 6n planda yer almaktadir [15]. Bu
cihazlar;

e Insanlarm iizerinde bulanabilecek silah ve
benzeri aletlerin tespit edilebilmesini saglayan kap1
ve el dedektoril, viicut tarama sistemleri ile

e Bagaj, posta, ikram, hediyelik esyalar gibi
unsurlarin  i¢inde havalimanina sokulabilecek
tehlikeli aletleri tespit etmeyi saglayan X-ray,
patlayic, iz ve koku tespit cihazlaridir [14].

Glinlimiizde robotlara iligkin ¢aligmalar hizla
artmakta cesitli alanlarda bu robotlar
kullanilmaktadir. Son yillarda havalimanlarinda da

Ve

robotlarin danigsma, check-in, temizlik ve giivenlik
gibi amaglarla kullanildig1 goriilmektedir.

Bu calismada  havalimam1  gilivenliginde
kullanilan teknolojik unsurlar olarak; kapi ve el
dedektorii, viicut tarama sistemleri, X-ray cihazi,
patlayici tespit cihazi, iz ve koku tespit cihazi ve
robotlar incelenmistir.

2.2.1. Kapi ve El Dedektorii

Metal dedektor olarak da isimlendirilen kap1 ve
el tipi dedektorler, genellikle korunmak istenen
tesislerin  giris  kapilarina  yerlestirilmektedir.
Boylece terér eylemlerinde kullanilabilecek silah ve
giivenligi riske atabilecek metal igerikli tehlikeli
maddelerin  tespit edilmesi
Ozellikle havalimanlariin eylemlerinin
hedeflerinden biri olmasi nedeniyle olusturulan

kolaylasmaktadir.
teror

giivenlik kontrol noktalarinda bu dedektorlerden
yararlanilmaktadir. Metal dedektorlerin ¢aligma
prensibi elektromanyetik alan esasina
dayanmaktadir. Bu alana giren herhangi bir metal
unsur manyetik alan1 bozmaktadir. Bozulmanin
oldugu nokta kapi dedektorlerinde 151k ve ses
uyarisi, el dedektoriinde de sadece ses uyarisi
vermektedir [16, 17]. Bu uyarilar cihazlar1 kullanan
gorevlilerin isini kolaylastirmakta, hata paym
azaltmakta ve bireylerin tlizerlerindeki metallerin

daha hizl1 tespit edilmesini saglamaktadir.
2.2.2. Viicut Tarama Sistemi

Insan viicudu iizerinde havalimanlarina getirilen
tehlikeli  aletleri  tespit  edebilmek i¢in
gelistirilmistir. Giivenlik gorevlilerine, bireylerin
tizerindeki  tim  tehlikeli ~ aletleri  tespit

edebilmelerini kolaylastirici goriintiler
Kiyafetlerin  altina  gizlenmis

unsurlarin bile tespit edilmesi i¢in ¢ok diisiik oranda

sunmaktadir.

radyasyon yayarak insan viicudunu milimetrik
olarak tarama yapmaktadir. Kiyafet ile viicut
arasinin goriintlislinii fotograf negatifi gibi sunarak
gorevlilerin  tehlikeli aletleri tespit etmesini
kolaylastirir.  Ancak viicut iginde gizlenmis
maddeleri tespit edememektedir. Kontrol islemi
sirasinda  bireylerin yiizleri, kendilerini kot
hissetmemeleri i¢in ekrana yansiyan goriintiide
bulanik olarak gosterilmektedir [18].

2.2.3. X-ray Cihazi

Havalimanlarinda siklikla tercih edilen bu cihaz
cisimlerin yogunluklarini ve atom yapilarini tespit
etmektedir. Operatorler i¢in kullanim kolayligi
saglamaktadir. Bu cihazin kullanim1
havalimanlarindaki giivenlik kontrollerinin hizini
ve etkinligini arttirmaktadir [13]. Bu cihaz X 1511
iinitesi, ekran ve kontrol panelinden olugmaktadir.
X 1sginlart madde i¢inden gegmekte ve maddelerin
yogunluguna gore ekrana farkli renklerde
goriintiiler yansitmaktadir. Opak maddeler goriiniir
hale gelmektedir. Bircok madde X-ray isinlarini
gecirdigi ve seffaf hale geldigi i¢in nesneler dogal
renklerinden farkli olarak ekrana yansitilmaktadir.
Metal gibi yogunlugu yiiksek olan maddeler koyu,
yiyecek gibi daha diisiik yogunluklu maddeler ise
daha agik renkte goriinmektedir [19].

2.2.4. Patlayia1 Tespit Cihaz1

Patlayic1 tespit cihazi hastanelerde kullanilan
bilgisayarli tomografi cihazinin bagaj taramasini
saglamak amaciyla havalimanlarina uyarlanmig
versiyonudur.
halidir.
viicudunun goriintiilenmesini saglayan tomografi

X-ray cihazlarmin gelistirilmig

Calisma prensibi hastanelerde insan
teknolojisine benzemektedir. Bir bagajin farkh
acilardan yiizlerce X-ray goriintislinii alarak,
bagajin igindeki maddelerin li¢ boyutlu goriintiistini
ekrana yansitmaktadir. X-ray cihazlarinda oldugu
gibi maddelerin  yogunluguna gore
yapilabilmesini saglayan farkl1

kullanilmakta ve kullanictya goriintiileri birbirinden
edebilmeyi saglayan detayli goriintiiler

ayirmm
renkler

ayirt
sunmaktadir [2].
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2.2.5. iz ve Koku Tespit Cihazlan

Iz ve koku tespit cihazlar1 patlayici maddelerde
kullanilan ¢ok kiiciik miktarlardaki kimyasallarin
izini tespit edebilmektedir. Siiphelenilen bagaj veya
paketler ilizerinden alinan 6rnek (numune) cihaz
icine yerlestirilir. Bu numune 1sitilarak {izerindeki
maddelerin ~ buharlasmas1  saglanir.  Buharn
vakumlayarak analiz eden cihaz, siipheli nesne
kimyasal maddenin varligmi tespit
edebilmektedir. Bu cihazlar sadece siipheli goriilen

uzerinde

paketler veya bagajlar igin kullanilmaktadir [2].

Diinyada en yaygin olarak kullanilan giivenlik
cihaz1 X-ray ya da patlayici tespit teknolojisidir. Bu
cihazlar siipheli goriinen cisimleri tespit ederek
operatore uyart verme Ozelligine sahiptir. Ancak
birgok cisim benzer yogunluk ve oOzelliklere
sahiptir. Operator, cihazin verdigi bu uyarilan
dikkate alarak tehlikeli aletleri ayirt etmektedir [20].

Havalimani giivenliginde etkinligin

arttirilabilmesinde operatoriin -~ verdigi  kararlar
hayati 6neme sahip oldugundan dolay1 hata payimnin
kabul edilebilir seviyede tutulabilmesi ya da hata
payinin tamamen ortadan kaldirilabilmesi i¢in insan
unsurunun  teknoloji  unsuruna  uyumunun

saglanmas1 gerekmektedir.
2.2.6. Robotlar

Robotlarin iiretim siireglerine katki saglamak
amaciyla endistriyel alanda kullanilmasiin yani
sira hizmet sektoriinde de insanlarin ihtiyaglarini
karsilamak ve cesitli bilgiler sunarak onlar
yonlendirmek i¢in de kullanilmaktadir. Havacilik
sektoriinde de Miinih, Seul, Shenzen ve Amsterdam
gibi c¢esitli havalimanlarinda robotik sistemlerin
farkli bircok amag i¢in kullanildig1 goriilmektedir
[21]. Havalimanlarinda robotik  sistemlerin
uygulamalarina bakildiginda check-in islemlerini
gerceklestirebilen  robotik  kiosklar, otonom
elektrikli sipirgeler, yolculara uguslar ile ilgili
bilgiler vererek yolculara eslik eden robotlar,
havalimanindaki yiyecek ve icecek segenekleri ile
ilgili bilgi sunabilen garson robotlar, yolcularin
giizel vakit gecirmesine yardimci olan eglence
robotlari, yolcularin karsilagtigi sorunlara ¢éziim
iiretmek ic¢in kullanilan konusabilen robotlar ve
giivenlik robotlar1 6rnek olarak siralanabilir [22].

Giivenlik amaci ile kullanilan robotlara 6rnek
olarak Schenzen Havalimaninda aktif olarak

kullanilan Anbot isimli robot gdsterilebilir. Bu
robot yiiz tanima yazilimina sahip yiiksek
¢oOzlinlirlikli kameralan ile yolcularin fotografim
cekip bu verileri giivenlik istasyonlarina analiz igin
gonderebilmektedir. Siipheli durumlar karsisinda

mevcut sorunu kontrol odasi memurlarina
aktarmakta ve memurlardan onay almasi
durumunda da elektrosok silahlarini

aktiflestirebilmektedir. Ayrica bu robot, havalimani
icinde kaybolan yolculart yonlendirmek, yanginlari
tespit etmek ve hava kalitesini izlemek i¢in de
kullanilmaktadir. [22].

Yanyan ve Meng (2020) de havalimanlarindaki
hizmet robotlarma iliskin yapmis olduklar
aragtirmada  havalimam1  glivenligi  agisindan
robotlarin kullanilmasinin 6nemine deginmislerdir.
Ozellikle robotlarm yliz tanima, izleme, davranig
analizi, nesne tamimlama, kalabalik ortamlarin
kontrolii, veri toplama ve analizi, erken uyar1 ve acil
durumlara miidahale kabiliyetlerinin gelistirilmesi
sayesinde  havaliman  giivenlik

etkinliginin arttirilabilecegini ifade etmiglerdir [23].

yoOnetimi

2.3. Havalimam Giivenliginde Insan

Diinya genelinde havalimanlarinda giivenligi
saglamada kullanilan teknolojik cihazlar her gecen
giin gelismesine ragmen tek basma yeterli
olamamakta ve tehlikeli maddelerin tespitinde insan
unsurundan bagimsiz olarak c¢alisgamamaktadir.
Tehlikelerin tespitinde son karar1 veren insan
oldugu icin gelisen teknolojiyle beraber insanin da
bilgi ve yeteneklerinin gelistirilmesi Onem
tasimaktadir [19]. Bilgi ve yetenekler tam olarak
kullanilmadig1 taktirde en iyi ekipman bile
giivenligi saglamada yetersiz kalmaktadir. Bu
nedenle havacilik giivenligi uzmanlar1
havalimanlarindaki en zayif halkanin insan unsuru
oldugunu ifade etmektedirler [5].

Insanlarin  kabiliyetlerine uygun gorevlerin
verilmesi giivenlik kontrollerindeki hata payinin
azaltilmasina katki saglayan diger bir unsur
olmaktadir [9]. Insanin ¢alisma performansinin
arttirllmasinin  hata yapma olasiligin1 azaltacag
disiiniilmektedir. Literatlirde calisan performansi

bireysel ve islevsel olarak ele alinarak
aciklanmaktadir.
Bireysel agidan performans; c¢alisanin isi

yapabilme, becerebilme, basarabilme yetenegi,

kapasitesi ve istlendigi gOrevleri yerine
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getirebilmesi olarak tanimlanmaktadir. Islevsel
performans ise verilen gorevde istenilen Kriterleri
saglayarak hedeflere ulasma basarisi olarak
tamimlanmaktadir [24]. Kisaca 6rgiitten alinan ticret
ve diger olanaklar i¢in gosterilen caba olarak da
tanimlanabilen performans: etkileyen motivasyon
unsurlart ekonomik, psiko-sosyal ve orgiitsel-
yonetsel olarak ¢ kategoride

degerlendirilebilmektedir [25, 26].

o Ekonomik faktdrler; maasta artig, prim, maddi
odil, kar pay1 olarak siralanabilmekte ve
calisanlarin performansina dogrudan katki saglayan
unsurlar olarak nitelendirilmektedir.

e Psiko-sosyal faktorler; gorevde bagimsizlik,
sosyal katilim, ¢aligma ortaminda deger gérme ve
statii edinme, calisma ortamina uyum, yeni fikirlere

deger verilmesi, ¢alisganin psikolojik olarak
Orgiitine  giivenmesi,  sosyal  faaliyetlerin
gergeklestirilmesi  olarak  siralanabilmektedir.

Literatiirde bu faktorlerin ¢alisanlarin orgiite olan
baglhiliklarin1 arttirmada yarar sagladigr ifade
edilmektedir.

e Orgiitsel-yonetsel faktorler; ortak hedeflerin
belirlenmesi, yetki ve sorumluluklarin dengeli

olarak dagitilmasi, egitim ve iste ylikselme
olanaklarmin sunulmasi, ¢aliganlarin kararlara
katiliminin saglanmasi, etkili iletisimin

gergeklestirilmesi, is genigletme ve zenginlestirme
sistemlerinin kurulmasi, yar1 bagimsiz caligsma
gruplarimin olusturulmasi ile g¢aligma ortaminda
rahatligin saglanmasi olarak siralanabilmektedir.

Calisan performansi iizerinde etkisi oldugu tespit
edilen bu faktdrlerin havalimani giivenliginde
calisan personelin performansi iizerinde de etkili
olacagi degerlendirilmektedir. Bu nedenle teknoloji
ve insan uyumunda bu faktorlerden yararlanilmasi
fayda saglamaktadir.

3. Teknoloji ve Insan Uyumu ile Havalimam
Giivenlik Yonetiminde Etkinligi Saglama

ICAO  teknolojik  sistemlerin
giivenliginde  kullanimimin  artmasiyla

havacilik
6nemi
giderek artan insan unsurunu ele alan bir ¢aligma
yapmis Sivil Havacilik Givenlik
Operasyonlarinda insan Faktorleri isimli dokiimani
yayinlamigtir [27]. Bu
hazirlanmasindaki amag sivil
giivenliginin insan hatalarindan arindirilarak bir

Ve

dokiimanin
havacilik

biitiin olarak etkinliginin arttirilmasini saglamaktir.

Insan faktorleri ile ilgili olarak sivil havacilik

giivenligi  operasyonel  gerekliliklerini  ve
degerlendirmelerini ele almak i¢cin mevcut
kaynaklarin ~ dagitilacagi  dort ana  eksen
tanmimlanmigtir.  Bu  eksenler  Sekil 1.°de
gosterilmektedir.

Eksen 1: Eksen 2:

Teknoloj

Operatorler

Operasyon Tabanh

Operasyonel Cevre [Diizenleyici | Sertifikasyon
+
Orgiit Kilririi

Sekil 1. Sivil Havaciik Giivenliginde Insan
Faktorleri [27]

Sekil 1.’de goriildiigii iizere Operatorler ve
Teknoloji  “Kullanic1  Odakli”
isimlendirilmistir. ~ Glivenlikle ilgili  ayrilan
kaynaklarin biiyiikk bir miktarinin bu iki alana

eksen olarak

Ozellikle de teknolojiye ayrildig1 belirtilmistir.
Havalimanlarinda giivenligin etkinliginin
saglanabilmesi i¢in teknolojiye yapilan yatirim
kadar insana da yatirim yapilmasi1 ve kaynaklarin
dengeli sekilde ifade

Insan yapilan

dagitilmas1  gerektigi

edilmistir. ve teknolojiye
yatirnmlardan verim alabilmek i¢in de Operasyonel
Cevre ve Orgiit Kiiltiirii ile Sertifikasyon temeline
dayal1 olan “Diizenleyici Odakli” eksenin
etkinliginin saglanmas1 gerekmektedir. Orgiitlerin
calisanlarin1 gelistirici ve destekleyici politikalar
gelistirmesi  gerektigi belirtilmistir.  Giivenlikte
standartlarin saglanabilmesi i¢in de personelin ve
teknolojik sistemlerin belli sertifikalara sahip

olmasi gerektigi vurgulanmistir.

ICAO’nun  belirttigi
giivenliginde dikkat edilmesi gereken unsurlari
gbzler Oniline sermektedir. Bu temelden yola
cikilarak bu c¢alismada da

eksenler  havacilik

havalimanlarinda
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giivenligin  etkinliginin ~ saglanabilmesi  i¢in
teknoloji insan unsuru arasinda uyumun
saglanmasinda yapilabilecekler ele alinmistir. Bu
kapsamda uyumu saglamak i¢in ekonomik, psiko-
sosyal ve oOrgiitsel-yonetsel gibi motivasyon
unsurlarinin yani sira ise alimda dogru secim,
baglangic ve tazeleme egitimleri, sertifikasyon,
tecriibe, performans degerlendirme ve giivenligi 6n
plana alan bir orgiit kiiltiiriiniin olusturulmasi gibi
faktorler de biiyiik 6neme sahiptir [1, 2, 3, 19, 28].

veE

3.1. Ise Ahm

Cesitli uzmanlar havalimani giivenliginde en
zayif  halkanin  insan
belirtmektedir. Ancak
havalimanlarinda insan unsuru ile ilgili yapilmis

unsuru  oldugunu

uluslararas

cok sayida c¢alismada ige alimlarda dogru segim
yapilmasi ve etkin bir egitimin verilmesi ile insan
en  gigli olmasinin
saglanabilecegi ifade edilmistir. Insanlarin farkl
yeteneklere ve 6zelliklere sahip olmalarindan dolay1
ise alimlarda bu farkliliklara dikkat edilmesi
gerekmektedir. Bu farkliliklart dikkate alan gegerli
ve glvenilir bir se¢im siireci gergeklestirilerek ise

unsurunun unsur

baglatilan personelin, farkliliklar1 dikkate almadan
yapilan se¢im sonucunda ige baglayanlardan daha
yiiksek performans sergiledikleri gozlemlenmistir
[29]. Ayrica ise alim siirecinde potansiyel giivenlik
riski tagiyan yolcular veya egsyalarin igindeki
tehlikeli  aletlerin  tespit edilmesinde profil
degerlendirmesi yapabilecek kapasitede insanlarin
secilmesi 6nem tagimaktadir [30]. Etkin bir ise alim
prosediiriiniin  varlig ilk hattin
olusturmaktadir. Bu nedenle uzmanlar tarafindan
teknikler
giivenlik personelinin ge¢misleri de ayrica kontrol
edilerek giivenlik yoniinden sakincasi olmayanlarin

savunmanin

psikometrik kullanilarak  segilecek

secilmesi gerekmektedir [11]. Gilivenlik personeli
seciminde ulusal ve uluslararast kriterler g6z
onlinde bulundurularak gorevle ilgili yeterlilik
testleri ve miilakat gibi yontemlerin uygulanmasi ve
ise 1iligkin yeteneklere sahip elemanlarin ise
alinmas1 teknoloji-insan uyumunu kolaylastirarak
giivenlikteki  etkinligin  arttirilmasina  katki

saglayacagi disiiniilmektedir.
3.2. Egitim
Ise alim siirecinden sonra havacilik giivenliginin

gereklilikleri, uygulanacak  giivenlik
kullanilacak

Oonemi,

prosediirleri, ilgili mevzuatlar,

ekipmanlar ve 6zellikle nesne tanima gibi konularda
egitimler almas1 gerekmektedir [31]. Giivenlikte
etkinligin arttirilabilmesi igin 6zellikle teknolojik
ekipmanlar1 kullanan personelin tehlikeli nesneleri
tespit kabiliyetinin arttirilmasina iligkin egitimlere
agirlik  verilmesi gerekmektedir. Bu nedenle
calismada oOzellikle nesne tamima yetenegini
gelistirmeye yonelik caligmalar incelenmistir.

Nesne tanima ¢ok karmasik bir siirectir. Bilim
insanlar1 insan beyninin nesneleri nasil tanidigina
dair gesitli caligmalar yaparak detayl bilgiler elde
etmislerdir. Temelde nesne tanima, goriilen bir
nesnenin  gorsel hafizada kayith cisimlerle
karsilagtirilmas1  esasina  dayanmaktadir. Giin
igerisinde goriilen her nesneyi beyin algilayarak son
derece giivenilir bir sekilde tanimaktadir. Ornegin
bir sandalyeyi farkli acgilardan gordiigiinde bile
rahatlikla taniyabilmektedir. Ancak nesne tanimada
en Onemli husus insanlarin yalnizca daha Once
gordiikleri ogrendikleri
taniyabilmesidir. Nesne tanima yetenegi egitimlerle
gelistirilebilmektedir. Bu bilgiler 1s18inda 6zellikle
teknolojik cihazlarla goriintilleme yapan giivenlik
personelinin  egitilmesine iliskin etkin egitim
programlari olusturulabilmektedir.
Havalimanlarinin ve insanlarin giivenligini tehdit
edebilecek
gorevlilerine

ve cisimleri

nesnelerin  egitimlerde

tanitilmasi,

giivenlik
gosterilerek cihazlar
yardimiyla bunlarin tespit edilmesinin saglanmasi,
calisanlarin gorevlerini daha etkin ve basarili bir

sekilde gerceklestirmesini saglamaktadir [5, 19].

Literatiirde yapilmis c¢alismalar incelendiginde
nesne tanima egitimlerinin giivenlikte etkinligi
arttirdigl  6ne

stiriilmiistiir. Bu ¢aligmalardan

bazilarina asagida yer verilmistir.

Ziirih Emniyeti Havalimani Birimi goriintiileme
egitimlerinde  kullamilmak {izere alt1 temel
goriintiiye dayali bir sistem olusturmustur. Bu
sistemde tehlike arz eden nesnelerin goriintiileri 6
farkli agidan ele alinmig bunun yam sira 3 farkh
doéndiirme ve dort ayna yansimasi olmak tizere her
nesnenin 6 x 3 x 4 = 72 farkli gériintiisii kayit altina
almmustir. Toplam 236 nesnenin oldugu bu cihazda
236 X 72 = 16.992 farkli goriintii yer almaktadir.
Egitimlerde bu goriintilerden yararlanilarak
calisanlarin gorsel hafizalarmin tanima kapasitesi
arttirtlmaya calisilmstir [5].
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Schwaninger tarafindan 2003 yilinda yapilmis
olan galismada alti aylik donem iginde her hafta
daha once hi¢ gormedikleri nesnelerle 20 dakikalik
gorsel egitim alan  havaliman1  gilivenlik
caligsanlarinin nesneleri tanima hizlariin bu egitimi
almayanlara oranla arttigt gorilmiistir. 20
egitimden sonra %60, 28 egitimden sonra %71, 31
egitimden sonra ise %84 tamima yeteneginin ve
performansin arttig1 tespit edilmistir. Bomba tanima
hizlarinin da 8 saniyeden 4 saniyeye distigii
gortilmiistir [5].

Schwaninger vd. (2005) tehdidi algilamada
goriintli ve bilgi temeline dayali faktorlerin roliinii
Olecmek tizere 268 katilimcinin yer aldigi bagka bir
caligma daha gerceklestirmiglerdir. Katilimcilarin
yarisi iki yillik deneyimi olan havalimani giivenlik
gorevlisi (X-ray cihazinda gorev yapan) diger yarist
ise ise baslayanlardir.  Tehlikeli-yasak
maddeler testi ve nesne tanima testi olmak tizere iki
cesit test yapmuslardir. Tehlikeli-yasak maddeler
testinde toplam 98 adet madde (silah, keskin aletler,
patlayicilar, kimyasallar ve yiiksek seviyede yanict
maddeler vb.) kullanarak ¢antalar hazirlamislardir.
68 cantaya tek, 6 cantaya iki, 6 ¢antaya ise 3 madde
konularak x-ray cihazi goriintiileri elde edilmistir.
Her c¢anta iki kez gosterilmek suretiyle 160 tanitim

yeni

ve deneme testleri yapilmistir. Nesne tanima
testlerinde ise 8 silah ile 8 bigagin farkli agilardan
gorlintlisti alinmistir. Bunlar degisik seviyelerde
karmagikliga sahip cantalara dahil edilmek suretiyle
256 farkli canta goriintiisii elde edilmistir. Bu
gorilintiilerle 64 deneme testi gerceklestirilmistir.
Goriintii  temeline dayali nesne tanima testinin

sonuglart her iki grup i¢in de ¢antalarin
karmagsikliginin =~ veya  icindeki  nesnelerin
dondirildiigindeki  goriintiisiinin ~ tanimlama

yapmay1 etkiledigini ortaya koymustur. Deneyimli
olanlarin test sonuglarinin daha iyi oldugu
goriilmiistlir. Nesne tanima testinin x-ray cihazinda
gorev yapan giivenlik gorevlilerinin ve ise yeni
alinacak olanlarin yeteneklerini degerlendirmede
Tehlikeli-
yasak madde testi ise gorevlilerin bu maddelere
iligkin bilgisini 6lgmek i¢in tasarlanmugtir. Test

kullanilabilecegini ifade etmislerdir.

sonuglart deneyim sahibi gorevlilerin ise yeni
baglayanlara oranla ¢ok daha fazla basarili
olduklarini ortaya koymustur. Bu nedenle testin
sertifikalandirmada,
degerlendirmelerinde

giivenlik
yeterlilik

gorevlilerini

ve risk

kullanilabilecegi ifade edilmistir. Calismanin nihai
sonucunda  goriintillemeye iliskin  cihazlarda
tehlikeli madde tespit performansinin gorsel
yeteneklere dayandigi bu nedenle goérsel deneyim
ve egitimin ¢ok dnemli oldugu vurgulanmistir [15].

Halbherr vd. (2013), 70 havalimaninda calisan

5717  havalimami  giivenlik  personelinin
performansi tlizerinde 4 yillik siireci kapsayan bir
calisma  yiriitmiislerdir. ~Calismada  tehlikeli

nesneleri (bigaklar, silahlar, patlayict maddeler ve
havalimanlarina sokulmasi yasaklanmig diger
maddeleri) tespit etmeyi saglayan goriintiileme
cihazlarinda ¢alisan personeli diizenli olarak
bilgisayar temelli egitimlere tabi tutmuslardir.
Aragtirmanin bulgular1 6nceki ¢aligmalart destekler
nitelikte olmus ve egitimin pozitif etkisini ortaya
koymustur. Egitim alan personelin performansi
egitim almayanlara oranla daha yiiksek c¢ikmustir.
Bu ve benzeri uygulamalar teknoloji ve insan
uyumuna katki  saglamakta havalimani
giivenliginin etkinligini arttirmaktadir [19].

Ve

3.3. Sertifikasyon

Sertifikasyon, kisinin ilgili egitimi basariyla
tamamladigini ve kendisine verilen gorevleri kabul
edilebilir bir diizeyde yerine getirmek i¢in gerekli
yeterliliklere sahip oldugunu gosteren resmi bir
degerlendirme ve onaydir [32].

Sertifikasyon prosediirlerinin temel amaci, farkli
iilkelerde ve havalimanlarinda yeterli diizeyde
giivenligin saglanmasi i¢in temel standartlarin
olusturulabilmesidir. ~ Sertifikasyon,  giivenlik
uygulamalarinda  kalite
saglamaktadir. Havacilik giivenligi prosediirlerinin

kontroline  olanak
ve giivenlik personelinin gii¢lii ve zayif yonleri
hakkinda oOnemli bilgiler saglayabilmektedir.
Sertifikasyon ve yetkinlik degerlendirme, personele
verilen egitimlerin etkinliginin 6l¢iilmesine, egitim
stireglerinin ~ gelistirilmesine ve motivasyonun
arttirtlmasina katki saglamaktadir. Bu nedenle
uluslararast1  standartlarda  olusturulmus  bir
sertifikasyon  siireci  havacilik  giivenliginin
etkinligini arttiracaktir [29].

3.4. Tecriibe

Genellikle insanlar beklemedikleri bir durumla
kargilagtiklar1 zaman prosediirlere uygun bir sekilde
hareket etmede zorluk yasayabilmekte ve hata
yapabilmektedirler. Bu nedenle uygulamaya
yonelik cesitli testler gelistirilerek  giivenlik
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personelinin beklenmedik durumlara karst hazirlikli
olmalari gorevde tecriibe kazanmalari
saglanmalidir [5]. Prosediirlerde yer almayan ancak
giivenlik personelinin tecriibe ve dikkati sayesinde
tespit edilebilen durumlar da s6z konusudur.
Ornegin, 20 Santigrat derecelik sicaklikta kislik
eldiven takan veya kalin uzun bir ceket giyen bir
insanin bu davranis1 dikkat edilmesi gereken bir
durumdur [33]. Tecriibe arttikca
davraniglari  degerlendirme ve

Ve

insanlarin

olagan dis1
yetenegi  de
(2007) gore

saglanmasindan
sorumlu personelin is devir hizinin diisilk olmasi
gerekmektedir. Bu sayede goérevde uzun siire
caligarak tecriibe kazanmis personel ile havalimani
giivenliginin yiiksek seviyede olusturulabilmesi,

edebilme
Salter’a

durumlart  tespit
gelismektedir.

havalimanlarinda  giivenligin

hatasiz kontrollerin yapilabilmesi ve giivenlik
kontrollerinden kaynakl1 gecikmelerin
onlenebilmesi saglanabilecektir [34].

3.5. Performans Degerlendirme

Ise alim siirecinde dogru secim, verimli egitim,
tecriibe gibi unsurlarin yani sira isin 6zellikleri,
caligma ortami, yeteneklere uygun gorevlendirme,
ekipmanlarin ergonomik yapisi, iicret, bireysel ve
orgiitsel statii, sosyal olanaklar da performans
iizerinde etkili olmaktadir. Bunun yani sira verilen
gorevlerin siirekli tekrarlayan ozellikte olmasi,
kisisel ozelliklerin teknolojiyi kullanmada yetersiz
olmasi, verilen egitimlerin c¢alisanlar tarafindan
yeterince uygulanamamasi, gece vardiyasi, yetersiz
uyku, isin monotonlugu nedeniyle c¢alisanlarin
dikkatinin dagilmasi performansi olumsuz yo6nde
etkilemektedir.  Bu ortadan
kaldirabilmek ve performansi en ist diizeyde
tutabilmek i¢in beraberinde tehdit unsuru tasiyan
yolcu profili olusturularak giivenlik personelinin
dikkati belirli araliklarla 6l¢iilmeli, basarisi diisiik

olumsuzluklari

olan personel tekrar egitimlere alinmali, basarisi
yiiksek olanlar ise ddillendirilmelidir [9, 13, 35,
36].

Performans degerlendirmede calisan hakkinda
olumlu ya da olumsuz yonde bir karar verilebilmesi
icin degerlendirme siirecinin belirli bir periyodu
kapsamasi ve g¢alisanin potansiyel tehditleri tespit
edebilme kabiliyeti, basari/basarisizlik oranlari,
aldig1 odiil/ceza gibi unsurlar dikkate alinmalidir
[35]-

Askew  (2004)  ¢alisgmasinda  giivenlik
personelinin etkinliginin ve performansinin yiiksek
olmasinin saglanmasinda kapsamli ise alim siireci,
yogun ise baslama egitimi, diizenli tazeleme
egitimleri, siirekli olarak siirecin ve kurallarin
gozden gecirilerek giincellenmesi, diizenli olarak
ekipmanin kontrol edilmesi, kontrol noktalarinin en
ideal diizeyde olusturulmasi, yonetimde yiiksek
kalitenin saglanmasi sorumlulugun
arttirllmasinin - gerekliligini ifade etmistir [37].

Ve

Harris de performans 6l¢iimii, degerlendirilmesi ve
raporlanmasina iliskin  kullanilan  teknolojik
sistemlerin calisanlarin performansinin
arttirllmasina ve giivenlik uygulamalarinin st
diizeyde gerceklestirilmesine katki sagladigini ifade
etmigtir [9].

3.6. Orgiit Kiiltiirii

Genel olarak orgiit kiiltiri, bir orgiitiin isini
yiirlitme bi¢imini ifade eden inanglar, normlar,
semboller  ve degerler  biitlinii  olarak
tanimlanmaktadir [38]. Eng ve Sullivan (2018)
orgiit kiiltiirlinii baslangic noktasi olarak kabul
etmekte ve havalimaninda giivenlik ¢alisanlarina
giivenlik bilincini asilamada orgiit kiiltiirlinden
yararlanilmast  gerektigini  ifade
Gilvenlik bilincine dayali etkin orgit kiiltiri

etmektedir.

sayesinde giivenlik gorevlilerinin, karsilastiklari
givenlik  ihlallerine karst dogru midahale
yontemlerini sececeklerini belirtmektedirler. Ornek
olarak bir calisanin teknik bilgisinin yeterli
olmasina ragmen giivenligi tehdit eden unsurlari
yakalamada sikintt yagamasinin nedenini orgiitte
uygulanan prosediirlerin Onemini yeteri kadar
kavrayamamast oldugunu oOne siirmektedirler.
Dolayisiyla giivenligi saglamada sadece teknik
bilgilere dayali egitimlerin yeterli olmayacagini, bu
egitimlerin yanm sira Orgiit kiiltliriiniin giivenligin
Onemi tizerine olusturulmasinin ¢alisanlari daha
yiikksek performans gostermeye ydnlendirecegini

belirtmektedirler [28].

4. Sonuc¢
Havalimam giivenliginin etkinliginin
arttirlmasmma  yonelik  teknolojik  unsurlarin

geligtirilmesine ve fonksiyonlarinin arttirilmasina
iligkin ¢ok ¢esitli caligsmalar yapilmakta ve bu yolda
gelismeler saglanmaktadir. Yapilan ¢alismalar
havaliman1 giivenlik yOnetiminin etkinliginde
insan, kullanilan teknoloji ve ise iligkin siiregler gibi
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unsurlarin 6nemli oldugunu ortaya koymaktadir.
Caligmalarda teknolojik gelismelerle havalimani
giivenligini saglamada ilerlemeler
kaydedilebilecegi ifade edilmektedir. Ancak sadece
cihazlarin gelistirilmesinin yeterli olmadigi, bu
teknolojik cihazlar1 kullanacak insanlarin da ayni
sekilde kabiliyetlerinin gelistirilmesi, egitimlerinin
verilmesi ve bu teknolojiye uyumunun saglanmasi
gerektigi de ifade edilmektedir [1, 34]. Bu
caligmada teknoloji ve insan unsurlar ele alinarak
havalimani

arttirtlmasina

giivenlik  yonetiminde etkinligin
yonelik yapilabilecekler
incelenmistir.

Literatiirdeki caligmalar incelendiginde
havalimani gilivenligini saglamada gelistirilen
teknolojik cihazlara insan unsurunun
adaptasyonunun saglanmasinda 6ne ¢ikan hususun
egitim konusu oldugu gorilmektedir. Yapilan
caligmalar ise alimdan itibaren diizenli olarak
verilen egitimlerin insan unsuru {izerindeki olumlu
etkilerini net bir sekilde ortaya koymaktadir.
Egitimin yan1 sira ekonomik, psiko-sosyal ve
orgiitsel-yonetsel gibi motivasyon unsurlarinin da
teknoloji ve insan unsurlarinin birbirlerine uyumuna
olumlu yonde katki saglayacagi calisan
performansini arttiracagi cesitli ¢aligmalarda ifade
edilmektedir [1, 5, 9, 13, 19, 26, 28]. Ayrica orgiit
icinde is akigimi ideal diizeyde gergeklestirmeyi

\

saglayacak prosediirlerin olusturulmasinin ve yetki
dagilimimin uygun sekilde yapilmasinin da insan
kaynaklar ile teknoloji uyumunu saglamada katki
saglayacagi ifade edilmektedir [1].

Sonug olarak havalimani giivenliginde ¢aligacak
ve teknolojik unsurlar kullanacak personelin dogru
secilmesi, egitimlerinin etkinliginin arttirilmast,
tecriilbe  kazanmasinin  saglanmasi, tecriibeli
personelin de licret, sosyal olanaklar gibi unsurlarla
orgiitsel bagliliginin arttirilmasi, giivenlik bilincine
dayali bir Orgiit
performans degerlendirme sistemleri ile c¢alisan
performansinin dogru bir sekilde dl¢iilmesi, tespit

kiiltiirtiniin ~ olusturulmast,

edilen  eksikliklerin  giderilmesine iligkin
caligmalarin diizenli bir sekilde yapilmasi ile hem
teknoloji  ve insan  unsurunun  uyumunun

saglanabilecegi hem de havalimanmi giivenliginin
etkinliginin arttirilabilecegi degerlendirilmistir.

Bu havalimanm1  giivenliginde
kullanilan kap1 ve el dedektorii, viicut tarama

sistemleri, X-ray cihazi, patlayici tespit cihazi, iz ve

caligmada

koku tespit cihazi ve robotlar ele alinarak insan
unsurunun teknoloji ile olan uyumu
degerlendirilmistir. Ancak robotlar gibi yeni gelisen
teknolojiler hakkinda daha fazla bilgiye ihtiyac
duyulmaktadir. Bu nedenle gelecekte yapilacak
calismalarda arastirmacilar akilli havalimanlar1 ve
bu havalimanlarinda kullanilan robotlar gibi son
teknolojik gelismeleri daha detayli olarak ele
alabilirler. Ayrica bu sistemlere insan unsurunun
nasil adapte edilecegi konusunda da arastirmalar
yapilabilir.
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