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1. Introduction  
 
Wingspan and fuselage length, which are related to the 

take-off mass of the aircraft, are the main dimensional 
parameters that affect the parking area occupied by the aircraft 
in the hangar or apron. ICAO categorized aircraft into 4 main 
groups based on maximum take-off mass, taking into account 
wake turbulence category: J (Super) type of aircraft (A380) 
with a maximum take-off mass of 560 000 kg, H (Heavy) type 
of 136 000 kg or more (except those specified as J); M 
(Medium) type of aircraft less than 136 000 kg and more than 
7 000 kg; and L (Light) type of aircraft 7000 kg or less (ICAO, 
2017). ICAO categorized the wingspan length of aircraft into 
6 main groups with aerodrome reference code letters from A 
to F: A with a wingspan < 15 m, B with 15 m but < 24 m C 
with 24 m but < 36 m, D with 36 m but < 52 m, E with 52 m 
but < 65 m, F with 65 m but < 80 m (ICAO, 1988).  

Torenbeek (2013) claimed that the ratio of fuselage length 
to diameter is the basic parameter affecting aircraft total drag 
with body frontal area and wetted area. Fuselage length of the 
aircraft is the sum of the nose cone, cabin, and tail cone 
lengths. Since the fuselage fineness ratio effect the aircraft 
total drag, the nose length and tail cone length are generally 
defined on fuselage diameter. The fuselage nose length to 
diameter ratio is between 1.2-2.5 and tail cone fuselage length 
to diameter ratio is about 2-5 (Sforza, 2014). Raymer (2018) 
proposed an approach to estimate fuselage lengths using take-
off gross mass. Raymer presented on a power correlation data 

between the mass and fuselage length for different types of 
aircraft (sailplanes, homebuilt, general aviation, jets). Liu 
(2006) claimed that wingspan is proportional to the one-third-
power of the weight. Nicolosi et al. (2016) used computational 
fluid dynamics to predict fuselage drag for regional turboprop 
aircraft. This study concluded that the fuselage coefficient and 
lateral rolling moment coefficients should be neglected, and 
future studies should focus on fuselage shape and wing-
fuselage interferences. Anderson and Takahashi (2017) 
proposed computer aided design and finite element analysis 
for the structural design of fuselage. Singh et al. (2016) in 
conceptual design of transport aircraft, a genetic algorithm was 
used to optimize the fuselage length and wing aspect ratio. 
According to Wells et al. (2017) for conventional tube with 
wing designs, fuselage sizing is used to support aircraft weight 
estimation with the flight optimization system (FLOPS). A 
slender fuselage does not have a significant effect on the lift 
distribution in an upswept wing, whereas it produces a greater 
change in the lift distribution in swept wings (Zlotnic & 
Diederich, 1952).  

There are also studies on original fuselage designs in the 

literature. The unsymmetrical fuselage models affect the 

pitching moment coefficient, so unsymmetrical cambered 

fuselage is difficult to implement (Abubakar et al, 2013). 

Bejan et al. (2014) found that large or small, aircraft show a 

proportionality between wingspan and fuselage length, and 

between fuel load and aircraft size. Also, Bejan et al. (2013) 

revealed correlations between aircraft mass, speed, engine 
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 The study aims to explain the size relationship between wingspan and fuselage length, which 
are the two basic design parameters that a designer is most curious about. Within the scope of 
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based sizing, bad correlations were found for fuselage length for single-piston airplanes and 
good correlations for turboprops and jets. In terms of wingspan to fuselage length ratio (b/lfus) 
jets showed a more pronounced trend, ranging from 0.7 to 1.1, while other aircraft types showed 
different trends, ranging from 0.9 to 1.7. In general, racer, homebuilt, aerobatic, and light 
transport aircraft have low b/lfus ratios, while motor gliders, firefighters, patrol, and agricultural 
aircraft have high b/lfus ratios. The study is valuable in that it fills a gap in the literature by 
considering the relationship between wingspan and fuselage length both with correlations over 
mass and by revealing statistics according to aircraft types over proportional relationship. 
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mass, range. Ardema et al. (1996) developed a computer 

program (PDCYL) for analytical estimation of fuselage and 

wing weight for transport aircraft based on basic structural 

principles. Bronz (2012) proposed multiplying the wingspan 

by a coefficient of 0.8 for the estimate of fuselage length of 

mini-UAV. Kruger et al. (2016) argued that the low fineness 

ratio provides savings in structural weight as well as reduction 

in fuel consumption and total drag. Marta (2008) studied on a 

genetic algorithm for optimization of small regional jet 

geometry with parameters of fuselage length, fuselage 

diameter, wingspan, wing chord. Nita and Scholz (Nita & 

Scholz, 2010) investigated aircraft cabin parameters for 

optimum slenderness parameter namely fuselage length-to-

fuselage diameter using chromosomal algorithm and basic 

methods. McDavid and Kuhner (2017) studied the effect of 

fuselage lengths on determination of the tail lever for different 

tail configurations. The study claimed that the landing angle 

reserve and length of landing gear legs were for increase of 

fuselage length (Zhuralev, 2012).  

This study aims to fill the gap in the literature by 

considering the relationship between wingspan and fuselage 

length with mass-based power correlations and presenting 

statistics according to aircraft types. 

 

2. Materials and Methods 
 
In this study, take-off gross weight (kg), wingspan (m), and 

fuselage length (m) data of 601 aircraft were compiled from 
Jane's All the World's Aircraft (Jackson, 2004). Details by type 
of aircraft examined are as follows: 285 passenger jets, 163 
single piston aircraft, 61 twin piston aircraft, and 92 
turboprops.  

𝑙𝑓𝑢𝑠 = 𝑎𝑚𝑔
𝑐    (1)  

Raymer (2018) proposed an approach of estimating 

fuselage lengths with take-off mass as a method. In this study, 

Raymer’s power correlation methodology was applied to data 

of 601 aircraft. This method is given in Eq. 1 where m is in kg 

and lfus is in meter. Similarly, wingspan (b) is calculated as 

given in Eq. 1. 

 

3. Result and Discussion  
 

In this study, the relationships of fuselage length and 

wingspan were revealed depending on the take-off mass 

parameter for single-piston, twin-piston, turboprop, and jet 

aircraft. Power correlation of fuselage lengths in terms of 

weight parameter according to 4 aircraft types is given in Fig. 

1 on a base 10 logarithmic scale. In terms of fuselage length, 

the weakest correlations were found in single-piston aircraft, 

followed by twin-piston aircraft. As seen from the slopes of 

the curve, in unit weight; the highest fuselage lengths are in jet 

and turboprop aircraft, and the lowest fuselage lengths are in 

single pistons. The biggest difference in terms of fuselage 

length is between the light jets and passenger jets.  

The aircraft designs with the lowest and highest values in 

terms of fuselage length among the examined aircraft, are 

listed below by aircraft types. In the study, the design data of 

both civil aircraft and military aircraft were also examined. In 

the single-piston aircraft examined: Acro Sport has a fuselage 

length of 5.3 m and that of the An-2 is 12.4 m. In twin-piston 

aircraft examined: 680 E commander has a fuselage length of 

7.38 m and that of the CL-215 is 19.82 m. In the turboprop 

aircraft examined: King Air has a fuselage length of 10.82 m 

and that of the Dash 8 is 32.84 m. In jet aircraft examined: 

Cessna A-37 has a fuselage length of 8.62 m and that of the 

Boeing 747 is 76.25 m (Jackson, 2004).  

 

 

Figure 1. Representation of power correlation between fuselage length and aircraft mass on a base 10 logarithmic scale for 

different engine types.  

According to the statistics presented in Fig. 2, the relationships 

between wingspan and mass gave an overall high R2 value, 

except for single-piston aircraft. As seen from Fig. 2, in terms 

of wingspan, the weakest correlations were found in single-



JAV e-ISSN:2587-1676                                                                                                                                                             7 (1):1-6 (2023) 

3 

 

piston aircraft. As can be seen from the slopes of the curve, in 

unit weight; jet have the lowest wingspan with other aircraft 

types showing similar trends.  

 

 

Figure 2. Representation of power correlation between wingspan and aircraft mass on a base 10 logarithmic scale for different 

engine types.  

The coefficient values of power correlation obtained from 

the statistical data of the fuselage length change according to 

the weight parameter are shown in Table 1 together with R2 

values. In terms of both fuselage length and wingspan, the 

worst correlations were found in single-piston aircraft, while 

the best correlations were found in jets followed by 

turboprops. Good correlations found in jet and turboprop 

aircraft show that aircraft have a more uniformly distributed 

density (more homogeneous payload) along the fuselage than 

single-pistons. 

 

 

 

Table 1. Power correlation between fuselage lengths and wingspan in terms of take-off mass  
Fuselage Length Correlations Wingspan Correlations 

lfus = a mg
C b = a mg

C 

Aircraft Type a  c R2 Aircraft Type a  c R2 

Single Pistons 1.22 0.25 0.69 Single Pistons 0.14 0.28 0.41 

Twin Pistons 0.64 0.35 0.80 Twin Pistons 0.57 0.39 0.78 

Turboprops 0.27 0.45 0.90 Turboprops 0.59 0.38 0.90 

Jets 0.39 0.41 0.95 Jets 0.39 0.39 0.94 

 

One of the most curious issues of a designer who wants to 

size aircraft is how the relationship between wingspan and 

fuselage length varies according to types of aircraft. Fig. 3 

shows the wingspan/fuselage length (b/lfus) ratios of 601 

aircraft. Wingspan/fuselage length (b/lfus) ratios are 

concentrated in different ranges for certain aircraft types.  

The b/lfus range (min.-max.) is 1.04-2.25 for single piston 

aircraft, 0.88-2.14 for twin-piston aircraft, 0.86-1.82 for 

turboprop aircraft and 0.61-1.27 for jets. Considering the mean 

b/lfus values, single piston aircraft have highest b/lfus ratio and 

jets have lowest b/lfus ratio. 
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Figure 3. Display of the ratio of wingspan to fuselage length for different type of aircraft  

 

 

 

Figure 4. Boxplot display of b/lfus frequency distribution with 
mean and standard deviation values 

Fig. 4 shows wingspan/fuselage length (b/lfus) frequency 

distributions in a boxplot with basic statistics. In terms of 

wingspan to fuselage length ratio, singe piston props, twin 

piston, and turboprop aircraft showed similar trends, while jets 

showed a distinct trend. While the mean b/lfus value of the jet 
is 0.89, this value is 1.40 for single piston aircraft.  

In Fig. 5 extreme aircraft designs are presented according 

to wingspan/fuselage length ratios. In single-piston aircraft, 

the air racing aircraft- homebuilt aircraft, military trainers and 

aerobatics have low b/lfus values, while motor gliders, 

firefighters and agricultural aircraft have high b/lfus values. In 

twin-piston aircraft, light transport aircraft have low b/lfus 

values, while firefighters have high b/lfus values. In turboprop 

aircraft, the aircraft of regional airliners and executive 

transport aircraft (P.180 Avanti, Mitsubishi MU-2) have low 

b/lfus values, while firefighters, patrol aircraft, agricultural and 

STOL turboprop aircraft have high b/lfus values. In jets, the 

aircraft of the regional airliners, narrow body jets have low 

b/lfus values, while business jets and trainer jets have high b/lfus 

values.  
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Single piston Twin-piston Turboprop  Jet 

Figure 5. Some extreme examples in terms of b/lfus in different aircraft types  

 

4. Conclusion  

When power correlations obtained depending on the mass 

between both fuselage length and wingspan were examined, 

high correlations were obtained in turboprops and jets, good 

correlations in twin pistons and bad correlations were obtained 

in single pistons. The ratio of wingspan to fuselage length was 

high in single piston aircraft, while it was low in jets. For 

single-piston aircraft the b/lfus value is in the range of 1.04-

2.25, with a mean value of 1.40. For twin-piston aircraft the 

b/lfus value is in the range of 0.88-2.14, with a mean value 

of1.30. For turboprop aircraft b/lfus value is in the range of 

0.86-1.82, with a mean value of 1.21. For the jets b/lfus value 

is in the range of 0.61-1.27, with a mean value of 0.89. In 

single-piston aircraft, the air racing aircraft, homebuilt aircraft, 

military trainers, aerobatics, and air taxi aircraft have low b/lfus 

values, while agricultural aircraft and motor gliders have high 

b/lfus values. In twin-piston aircraft, the light transport aircraft 

have low b/lfus values, while firefighters have high b/lfus values. 

In turboprop aircraft, the regional airliner aircraft and 

executive transport aircraft have low b/lfus values, while 

firefighter aircraft, patrol aircraft, agricultural and STOL 

aircraft high b/lfus values. In jets, the regional airliner jets and 

narrow body jet airliner have low b/lfus values, while business 

jets and trainer jets have high b/lfus values. A finding on the 

recommendation of the reviewer has been added to the results 

section. In this study, although the size-mass relations are 

compared according to engine types, the common use of 

composite materials in commercial jets; The differences in 

aircraft mass, wingspan and fuselage length of old and new jets 

may be one of the future studies. 
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1. Introduction  
  

All modern aircraft have some level of automation. 

However, there is increasing interest in the implementation of 

autonomous systems and functions in U.S. military air 

systems. Current certification standards rely on a human to 

have overall responsibility for the air vehicle. An autonomous 

system will not have a human in or on the loop when it 

operates. These systems present unique airworthiness 

certification challenges, and a need has been identified to 

establish an airworthiness certification strategy and framework 

for these systems. 

The various branches of the U.S. armed forces have 

documented processes for airworthiness certification of 

military air systems (NAVAIR Instruction 13034.1F: 

Airworthiness and Cybersecurity Safety Policies for Air 

Vehicles and Aircraft Systems, 2016; NAVAIR Airworthiness 

and Cybersafe Process Manual, NAVAIR Manual M-13034.1, 

2016; Air Force Instruction 62–601: USAF Airworthiness, 

2010; Air Force Policy Directive 62–6: USAF Airworthiness, 

2019; Army Regulation 70–62: Airworthiness of Aircraft 

Systems, 2016; MIL-HDBK-516C: Department of Defense 

Handbook, Airworthiness Certification Criteria, 2014).  These 

processes primarily utilize a set of airworthiness certification 

criteria, standards and methods of compliance to establish the 

airworthiness basis for an air system.  While the overall 

airworthiness processes and procedures can be leveraged for 

air systems implementing autonomous functions, a strategy 

and framework for airworthiness certification of air systems 

with autonomous functions needs to be developed to adapt to 

this emerging capability. Airworthiness certification processes 

are designed to ensure that an air system is airworthy and safe 

for its intended mission in its intended operating environment. 

As part of the airworthiness process, an air system is 

evaluated against a set of airworthiness criteria and standards. 

Operating limitations, normal and emergency procedures, 

warnings, cautions and notes are established, and safety risks 

are assessed and accepted at the appropriate level. In general, 

current airworthiness criteria and standards used to assess 

airworthiness and safety of flight of air system functions, 

hardware and software assume deterministic system behavior. 

To stimulate discussion and build consensus on a possible 

path towards an airworthiness certification strategy and 

framework for autonomous systems, a two-day summit was 

held in June 2021 entitled June 2021 Summit on Certification 

of Autonomous Systems Within Naval Aviation. The summit 

was held in conjunction with the National Airworthiness 

Council Artificial Intelligence Working Group (NACAIWG). 

It was attended by representatives from the United States 

government airworthiness community (United States Navy 

(USN), United States Air Force (USAF), United States Army 

(USA), National Aeronautics and Space Administration 

(NASA), and the Federal Aviation Administration (FAA)), 

industry (Boeing, Lockheed Martin, Northrop Grumman, and 

Article Info 
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Aurora Flight Sciences) and academia (Purdue University, 

University of Maryland, and the United States Naval 

Academy). Following two full days of discussions, the group 

came to a consensus on a strategy and framework for 

airworthiness certification of airborne autonomous functions 

based on an example use case (an unmanned aircraft 

performing a drogue aerial refueling task). This paper 

summarizes the outcomes of the summit. 

The contributions of this paper include documentation of 

the summit itself, and the framework agreed upon by all 

participants (all of whom were subject matter experts in safe 

for flight certification from industry, the United States 

government, and academia). It allowed an open dialog 

between the government and industry in an open forum. Most 

engagement with the industry is only with one company at a 

time. By using a hypothetical use case, every member of the 

summit was able to openly contribute to the shared goal of 

developing a framework for the certification of autonomous 

systems within naval aviation. Ultimately, the results of the 

summit were briefed and endorsed by the NACAIWG. 

 

2. Background 
  

This section provides a summary of definitions and 

concepts, relevant instructions, standards and papers related to 

airworthiness certification, system safety, development 

assurance, and certification of autonomous function in 

aviation. 

  

2.1. Definitions and Concepts  
Based on a literature review, ASTM F3060-20 (ASTM 

International: F3060-20 Standard Terminology for Aircraft, 

2020). Standard Terminology for Aircraft, was determined to 

be the most comprehensive source of relevant definitions 

addressing autonomous systems and functions.  The summit 

adopted the definitions from ASTM F3060-20 to enable a 

common understanding of relevant definitions. As an industry 

consensus standard, ASTM F03060-20 provides a set of 

relevant standardized definitions applicable to the certification 

of autonomous systems including definitions for automatic, 

autonomous, artificial intelligence (AI), adaptive system, 

complex system, deterministic system, non-deterministic 

system, intelligent agent, machine learning (ML), run-time 

assurance (RTA) architecture and safety monitor.  It also 

defines the differences between humans in the loop, humans 

on the loop and humans out of the loop. 

Human in-the-loop systems requires a human to interact 

with the system to be able to perform its intended functions or 

control actions. Human on loop systems is characterized by 

functions where a human can give guidance to an automated 

system that has the authority to perform functions or control 

actions without human oversight or actions. Human out-of-

the-loop systems are characterized by systems in which a 

human is not able to intervene or provide guidance to an 

automatic (or autonomous) system.  The system has the 

authority to perform functions and control actions without 

human oversight or actions. 

For automated functions, a system performs actions 

without the need for human intervention and may provide the 

capability for a human to monitor and override the system (to 

include when the system performs off-nominal or to prevent a 

mishap). These functions typically operate with a human on 

the loop as a safety monitor. Current unmanned aerial systems 

(UAS) such as the MQ-4C and MQ-8 function automatically 

but with air vehicle operator (AVO) supervision. They follow 

preplanned routes and utilize a deterministic rule-based 

architecture. In the absence of human intervention, the system 

will perform its programmed mission automatically. 

For autonomous functions, the system is delegated 

authority by a human to independently determine a new course 

of action in the absence of a predefined plan and to accomplish 

goals based on its knowledge and understanding of its 

situational observation of the operational environment. The 

system takes actions that are dependent on sensing and 

interpreting the external environment. Autonomous systems 

utilizing ML improve their performance by exposure to data 

without the need to follow explicitly programmed instructions. 

These systems have the ability and authority to make decisions 

independently and self-sufficiently without human 

intervention. Autonomous functions do not preclude the ability 

of a human to monitor (on the loop) and override the 

autonomous function if provisions for human monitoring and 

intervention are considered in the design. However, for the 

summit, it was assumed that the autonomous functionality 

being certified would not have a human in or on the loop. 

Deterministic behavior is rule-based. For a given input, a 

deterministic system will exhibit known behavior based on 

known input conditions and always produce the same output. 

There is only one potential output for a defined set of inputs. 

Automated functions are deterministic. 

Non-deterministic systems rely on observation to influence 

the output. There are multiple potential outputs to a single 

input. The exact behavior of the system cannot be predicted 

based on input conditions. Autonomous functions are typically 

non-deterministic. 

DoD Directive 3000.09 (Department of Defense Directive 

3009.09: Autonomy in Weapons Systems, 2017) establishes 

guidelines for autonomy in weapon systems used for lethal, 

non-lethal, kinetic and non-kinetic use. It provides a set of top-

level principles that can be used as a basis for establishing 

principles for the certification of autonomous functions in air 

systems. Among these are: 

 

• A human is ultimately responsible for the system and 
its behavior.  A human is responsible for deciding to 
delegate authority to the system to operate with little or 
no human intervention. 

• Autonomous systems should provide operators with 
feedback on system status and enable operators to 
activate and deactivate system functions if needed. 

• Autonomous systems should be sufficiently robust to 
minimize behaviors or failures that lead to safety 
hazards or unintended consequences. 

• Autonomous systems should undergo rigorous 
hardware and software development and testing, 
including software validation and verification, lab, 
ground and developmental flight to ensure the system 
functions as intended with no unintended or unsafe 
behaviors.  They will function as anticipated in realistic 
operating environments.  Regression tests should be 
conducted after changes to the system to ensure safety 
critical systems have not been affected. 

  

2.2. Review of Relevant Airworthiness Instructions and 
Standards  

Relevant Department of Defense (DoD) instructions and 

handbooks related to airworthiness certification were 

reviewed.  These include: 
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• NAVAIRINST 13034.1: Airworthiness and 

Cybersecurity Safety Policies (NAVAIR Instruction 

13034.1F: Airworthiness and Cybersecurity Safety 

Policies for Air Vehicles and Aircraft Systems, 2016). 

• NAVAIR M-13034.1: NAVAIR Airworthiness and 

CYBERSAFE Process Manual (NAVAIR 

Airworthiness and Cybersafe Process Manual, 

NAVAIR Manual M-13034.1, 2016). 

• AFI 62-601: USAF Airworthiness Instruction (Air 

Force Instruction 62–601: USAF Airworthiness, 2010). 

• AFPD 62-6: USAF Airworthiness Policy (Air Force 
Policy Directive 62–6: USAF Airworthiness, 2019). 

• 70-62: Airworthiness of Aircraft Systems (Army 

Regulation 70–62: Airworthiness of Aircraft Systems, 

2016). 

• MIL-HDBK-516C: Airworthiness Certification 

Criteria Guidance for the DoD (MIL-HDBK-516C: 

Department of Defense Handbook, Airworthiness 

Certification Criteria, 2014). 

These instructions and policies establish the process and 

procedures for airworthiness certification for the USN, USAF 

and USA. They address airworthiness certification processes 

and procedures but do not specifically address certification 

criteria and standards for autonomous systems. MIL-HDBK-

516C (MIL-HDBK-516C: Department of Defense Handbook, 

Airworthiness Certification Criteria, 2014) is a tri-service 

handbook that identifies airworthiness certification criteria, 

standards and methods of compliance to be considered as part 

of the airworthiness certification process.  MIL-HDBK-516C 

(MIL-HDBK-516C: Department of Defense Handbook, 

Airworthiness Certification Criteria, 2014) contains criteria 

addressing software certification, system safety and vehicle 

control functions but does not specifically address certification 

of autonomous systems.  These top-level criteria would be 

generally applicable to autonomous systems. In the future, as 

the DoD gains experience in the certification of autonomous 

systems, there may be a need to specifically address 

autonomous systems within the handbook. 

  

2.3. Review of Relevant System Safety and 
Development Assurance Standards and Best Practices 

Military, civil aviation and industry standards and 

best practices for system safety and development assurance 

were reviewed.  These include: 

• MIL-STD-882E: DoD Standard Practice: System 

Safety (Department of Defense MIL-STD-882E: 

Department of Defense Standard Practice, System 

Safety, 2012). 

• Joint Software Systems Safety Engineering Handbook 

(JSSSEH) (Joint Software Systems Safety Engineering 

Handbook, 2010). 

• FAA Advisory Circular 23.1309E: FAA System Safety 

Analysis and Assessment for Part 23 Airplanes 

(Advisory Circular 23.1309.E: System Safety Analysis 

and Assessment for Part 23 Airplanes, 2011). 

• European Union Aviation Safety Agency (EASA) 
Certification Specification 25 Alternate Means of 
Compliance AMC 25.1309 (Systems and Equipment) 
is part of the EASA (Certification Specifications for 
Large Airplanes CS-25, 2007). 

• SAE ARP 4761: Guidelines and Methods for 

Conducting the Safety Assessment Process on Civil 

Airborne Systems and Equipment (Guidelines and 

Methods for Conducting the Safety Assessment 

Process on Civil Airborne Systems and Equipment, 

1996). 

• SAE ARP 4754: Guidelines for Development of Civil 

Aircraft and Systems (Guidelines for Development of 

Civil Aircraft and Systems, 2010). 

• DO-178C, Software Considerations in Airborne 

Systems and Equipment Certification (Certification 

Specifications for Large Aeroplanes CS-25 Software 

Considerations in Airborne Systems and Equipment 

Certification, 2011). 

These standards and best practices document the system 

safety and software system safety/development assurance 

processes for military and civil systems.  They document a 

systems-engineering approach for decomposing a system into 

functions implemented by hardware and software, and 

establish safety objectives for hardware and software. Both 

civil and military processes share a common theme of 

functional decomposition of the system, allocation of 

functions to hardware and software, and setting safety 

objectives based on the criticality of the function to be 

performed in hardware or software. 

In general, software functions whose failure results in a 

catastrophic failure (e.g., loss of aircraft) demands a greater 

level of development and test rigor (or development assurance) 

than those that do not. MIL-STD-882E (Department of 

Defense MIL-STD-882E: Department of Defense Standard 

Practice, System Safety, 2012) and the JSSSEH (Joint 

Software Systems Safety Engineering Handbook, 2010) 

identify Level of Rigor (LOR) Tasks that should be performed 

based on the criticality of the software function to ensure the 

software is safe for the intended use. Within the DoD safety 

framework, software safety risks may be identified and 

accepted by the appropriate authority for software that does 

not satisfy the LOR tasks. 

Civil airworthiness regulations establish a set of safety 

objectives and development assurance levels that are assigned 

at the functional level based on hazard classification.  Civil 

airworthiness certification is compliance based. Unlike the 

DoD, civil system safety processes do not accommodate safety 

risk acceptance for software that does not satisfy the required 

development assurance level.  The software must be shown to 

be compliant with the processes and tasks otherwise the air 

system may not receive civil certification.  The processes 

defined in ARP 4761 (Guidelines and Methods for Conducting 

the Safety Assessment Process on Civil Airborne Systems and 

Equipment, 1996), ARP 4754 (Guidelines for Development of 

Civil Aircraft and Systems, 2010) and DO-178C (Certification 

Specifications for Large Aeroplanes CS-25 Software 

Considerations in Airborne Systems and Equipment 

Certification, 2011) follow the systems engineering process.  

Functions are decomposed into hardware and software items. 

Acceptable failure probabilities are assigned to hardware 

items, and development assurance levels are assigned to 

software based on hazard classification (e.g., Catastrophic, 

Hazardous, Major, etc.) to software items. The development 

assurance level of the software items establishes the 

development objectives that must be accomplished. A 

common theme is that the level of rigor (or development 

assurance) for safety-critical software is determined by the 

criticality of the function (i.e., hazard severity and probability 

of occurrence). 
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2.4. Other Relevant Standards and Papers on Autonomy 
A survey of other relevant standards and papers related to the 

certification of autonomous systems was performed.  Several 

relevant industry standards and papers were identified.  These 

include: 

• Concepts of Design Assurance for Neural Networks 

(CoDANN) (Concepts of Design Assurance for Neural 

Networks (CoDANN), 2020), March 2020 

• CoDANN II (Concepts of Design Assurance for Neural 

Networks (CoDANN) II, 2021), May 2021 

• EASA Artificial Intelligence Roadmap 1.0  (Artificial 

Intelligence Roadmap 1.0, 2020), February 2020 

• EASA Concept Paper: First Usable Guidance for Level 

1 Machine Learning Applications (EASA Concept 

Paper: First Usable Guidance for Level 1 Machine 

Learning Applications, 2021), April 2021 

• ASTM F3060: Standard Terminology for Aircraft 

(ASTM International: F3060-20 Standard Terminology 

for Aircraft, 2020), February 2020 

• ASTM TR1-EB: Autonomy Design and Operations in 

Aviation: Terminology and Requirements Framework, 

2019 (Autonomy Design and Operations in Aviation: 

Terminology and Requirements Framework, 2019) 

• ASTM TR2-EB: Developmental Pillars of Increased 

Autonomy for Aircraft Systems (ASTM International: 

TR2-EB: Developmental Pillars of Increased 

Autonomy for Aircraft Systems, 2019) 

• ASTM F3269-17: Standard Practice for Methods to 

Bound Flight Behavior of Unmanned Aircraft Systems 

Containing Complex Functions (ASTM International: 

F3269-17 Standard Practice Methods to Safely Bound 

Flight Behavior of Unmanned Aircraft Systems 

Containing Complex Functions, 2017) 

• ASTM F3269: An Industry Standard on Run-Time 

Assurance for Aircraft Systems (Nagarajan et al., 

2021), January 2021 

• Leveraging ASTM Industry Standard F3269-17 for 

Providing Safe Operations of a Highly Autonomous 

Aircraft (Skoog et al., 2020), 2020 

• An ASTM Standard for Bounding Behavior of 

Adaptive Algorithms for Unmanned Aircraft 

Operations (Invited) (Cook, 2017), January 2017 

 

As noted above, ASTM F3060 (ASTM International: 

F3060-20 Standard Terminology for Aircraft, 2020) provides 

a set of standardized definitions related to autonomous 

systems, including the distinction between automated systems 

and autonomous systems.  The standard also defines key terms 

such as ML, intelligent agent, non-deterministic system, safety 

monitors and run-time assurance architecture.  ASTM F3269-

17 (ASTM International: F3269-17 Standard Practice Methods 

to Safely Bound Flight Behavior of Unmanned Aircraft 

Systems Containing Complex Functions, 2017) provides 

information on the implementation of run-time 

assurance/safety monitor architectures for airborne systems. 

EASA CoDANN (Concepts of Design Assurance for Neural 

Networks (CoDANN), 2020), CoDANN II (Concepts of 

Design Assurance for Neural Networks (CoDANN) II, 2021), 

and the EASA Concept Paper for First Usable Guidance for 

Level 1 Machine Learning Applications (EASA Concept 

Paper: First Usable Guidance for Level 1 Machine Learning 

Applications, 2021) provide detailed background and 

certification considerations for autonomous systems.  They are 

particularly focused on the challenges posed by the use of 

neural networks in aviation and in the broader context of 

allowing ML and more generally artificial intelligence on-

board aircraft for safety-critical applications. The EASA 

Concept Paper for First Usable Guidance for Level 1 ML 

Applications (EASA Concept Paper: First Usable Guidance 

for Level 1 Machine Learning Applications, 2021) also 

provides guidance for learning assurance of autonomous 

systems and a set of design objectives/tasks for the 

development of AI/ML functions. 

  

3. Example Use Case: Vision Based Receiver 
Unmanned Aircraft Autonomous Aerial Refueling 

  

An example use case was selected to facilitate the 

development of an airworthiness certification strategy based 

on an example application of AI.  The use case focused on an 

unmanned receiver aircraft autonomous aerial refueling task 

where the receiver aircraft is equipped with a vision-based 

ML/neural network sensor that provides aerial refueling 

drogue location in 3-D space to the receiver aircraft’s vehicle 

management system. 

The 2006 NASA/Defense Advanced Research Projects 

Agency (DARPA) study (Schweikhard, 2006) and the 2015 X-

47 program (Photo Release -- X-47B Unmanned Aircraft 

Demonstrates the First Autonomous Aerial Refueling, 2015) 

both demonstrated the ability of a UAS to receive fuel through 

the NATO standard method with limited human interaction. 

However, both programs were flown under intern flight 

clearances (IFCs). An IFC requires multiple risk mitigation 

steps from flight certification officials and is not intended for 

general fleet use. This work focuses on developing a process 

for obtaining a permanent flight clearance (PFC) for 

autonomous behavior. A PFC would allow operations with 

limited risk mitigation steps in place.  

Building on prior work (Schweikhard, 2006; Photo Release 

-- X-47B Unmanned Aircraft Demonstrates the First 

Autonomous Aerial Refueling, 2015), we assumed that 

unmanned receiver aircraft would be capable of navigation to 

pre-contact position (5 to 20 feet directly aft of the drogue) 

behind the tanker aircraft. Figure 1 illustrates the pre-contact 

position behind a wing pod of a KC-135. From this point, the 

UAS would employ a computer vision-based optical sensor 

with a neural net to identify and track the drogue through 

contact. The vision sensor provides drogue location from pre-

contact (5-20 feet behind the drogue) to contact (probe tip 

linking with the coupler). The vehicle management system 

commands the vehicle position to place the aerial refueling 

probe tip in the drogue based on the drogue position provided 

by a computer vision system. Following contact, the vehicle 

management system will station keep based on a position 

signal (such as a Differential Global Positioning  (DGPS) 

signal as demonstrated in Reference (Schweikhard, 2006; 

Photo Release -- X-47B Unmanned Aircraft Demonstrates the 

First Autonomous Aerial Refueling, 2015)) from the tanker 

aircraft.  Consideration of the use case highlighted some of the 

challenges in applying traditional design and development 

assurance techniques to autonomous functions. Figure 2 

highlights the drogue, coupler and probe tip on an F/A-18F 

preparing to refuel from a KC-130 wing pod. 
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Figure 1.  EA-18G Growler at the pre-contact position in 

2013 behind a KC-135 (“EA-18G at the Pre-Contact Point 

Behind a KC-10 over Afghanistan,” 2013) 

 

 
Figure 2.  F/A-18F Super Hornet preparing to aerial refuel 

(“F/A-18F Preparing to Aerial Refuel Over Maryland,” 2010) 

 
4. Autonomous Systems Airworthiness 

Certification Challenges  
 

The emergence of AI/ML functions in airborne systems 

presents unique airworthiness certification challenges. These 

challenges include limitations in the application of existing 

development assurance concepts to AI/ML, system 

architecture considerations, and the unique challenges 

associated with machine learning.  The design and analysis 

techniques traditionally applied to deterministic functions may 

not provide adequate development assurance/safety coverage 

for AI/ML functions. While the principles of development 

assurance (utilizing a combination of process assurance and 

verification coverage criteria, or structured analysis or 

assessment techniques) may be applied, the non-deterministic 

nature of AI/ML drives unique design assurance 

considerations to provide confidence that errors in 

requirements, design, integration, or interaction effects have 

been adequately identified and corrected.  

Unique challenges associated with certification of AI/ML 

functions include: 

• System Development Assurance: This includes unique 

considerations for the safety assessment process, 

definition of requirements for the intended function and 

architectural considerations.  

• Learning Process: This includes the process to train the 

system, evaluate system performance, and the 

hardware/software learning environment. 

• Data Assurance Process: This includes definition of an 

end-to-end process to select and manage training data 

sets throughout the product lifecycle, and 

considerations regarding training data quality 

(accuracy, completeness, etc.). 

• Training Verification and Data Sets: This includes the 

development and management of training data and the 

processes to verify the system functions as intended. 

Existing requirement-based hardware and software 

development and certification processes and standards such as 

MIL-STD-882E (Department of Defense MIL-STD-882E: 

Department of Defense Standard Practice, System Safety, 

2012), ARP-4761 (Guidelines and Methods for Conducting 

the Safety Assessment Process on Civil Airborne Systems and 

Equipment, 1996), ARP-4754 (Guidelines for Development of 

Civil Aircraft and Systems, 2010), DO-178C (Certification 

Specifications for Large Aeroplanes CS-25 Software 

Considerations in Airborne Systems and Equipment 

Certification, 2011) are well suited to the certification of 

deterministic systems and functions. These processes and 

standards utilize formal methods to implement the system 

engineering process to identify requirements, develop and 

verify hardware and software functions and items. The process 

begins with development of functional and performance 

requirements and, in parallel, decomposition of the system into 

hardware and software functions. A functional hazard 

assessment (FHA) is conducted to identify functional failure 

conditions leading to hazards. Functional failure conditions are 

assigned a hazard classification that characterizes the 

probability and severity of the functional failure. As the system 

is further decomposed into hardware and software items, 

hazard classifications are assigned to each hardware and 

software item. For software, a level of rigor or development 

assurance level is assigned based on criticality of the 

function/item that establishes the development processes and 

tasks required to ensure that the function/item performs as 

intended with an appropriate level of safety. MIL-STD-882E 

(Department of Defense MIL-STD-882E: Department of 

Defense Standard Practice, System Safety, 2012), ARP-4761 

(Guidelines and Methods for Conducting the Safety 

Assessment Process on Civil Airborne Systems and 

Equipment, 1996), ARP-4754 (Guidelines for Development of 

Civil Aircraft and Systems, 2010), DO-178C (Certification 

Specifications for Large Aeroplanes CS-25 Software 

Considerations in Airborne Systems and Equipment 

Certification, 2011) provide guidelines for the development of 

software based on the hazard classification/safety criticality of 

the function. More details on the FHA process can be found in 

Reference (Guidelines for Development of Civil Aircraft and 

Systems, 2010). 

System architecture is an important consideration in the 

development of the FHA. Architectural considerations such as 

redundancy, functional independence, and the degree of 

human oversight are considered when establishing the 

criticality and level of rigor/development assurance level for 

each function/item. MIL-STD-882E (Department of Defense 

MIL-STD-882E: Department of Defense Standard Practice, 

System Safety, 2012) implements the concept of software 

criticality index (SWCI) to establish level rigor tasks for 
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software development. A SWCI is assigned based on the 

Software Control Category and severity/consequence of 

failure. Similarly, DO-178C (Certification Specifications for 

Large Aeroplanes CS-25 Software Considerations in Airborne 

Systems and Equipment Certification, 2011) assigns a design 

assurance level (DAL) to software items based on the 

functional failure analysis. A set of development objectives are 

assigned based on the assigned DAL. Use of development 

assurance methods that utilize a combination of process 

assurance and verification coverage criteria, or structured 

analysis or assessment techniques increase confidence that 

errors in requirements or design, integration, and interaction 

effects have been adequately identified and mitigated. An 

overview of the FHA can also be found in Reference 

(Guidelines for Development of Civil Aircraft and Systems, 

2010). 

The EASA AI Roadmap (Artificial Intelligence Roadmap 

1.0, 2020) notes that traditional development assurance 

frameworks are not completely adaptable to ML functions.  

The roadmap identifies several challenges with respect to the 

trustworthiness of AI/ML functions and the integrity of 

learning processes. 

 

4.1. Learning Assurance 
While the principles of traditional requirement-based 

development assurance can be applied to autonomous 

functions using ML, the development assurance process must 

also consider the unique aspects of the learning function and 

its implementation during development and fielding.  This 

process is known as a learning assurance.  Learning assurance 

comprises the systematic activities to provide at an adequate 

level of confidence that the system functions as intended, that 

errors in the data driven learning process are identified and 

corrected such that the system satisfies applicable 

requirements (including safety considerations), and provides 

sufficient generalization guarantees (EASA Concept Paper 

(EASA Concept Paper: First Usable Guidance for Level 1 

Machine Learning Applications, 2021). The EASA AI 

Roadmap (Artificial Intelligence Roadmap 1.0, 2020) and the 

CoDANN phases (Concepts of Design Assurance for Neural 

Networks (CoDANN), 2020; Concepts of Design Assurance 

for Neural Networks (CoDANN) II, 2021) identify the 

challenges associated with learning assurance and provide 

recommended certification strategies to support certification 

of autonomous systems implementing ML. 

A building block approach was identified that is intended 

to provide confidence at an appropriate level that an AI/ML 

function supports the intended functionality safely.  The 

learning assurance ‘Process W’ developed by EASA addresses 

the fundamental aspects of this approach.  The Learning 

Assurance Process ‘W’ is summarized in CoDANN and 

CoDANN II (Concepts of Design Assurance for Neural 

Networks (CoDANN), 2020; Concepts of Design Assurance 

for Neural Networks (CoDANN) II, 2021). 

 

4.2. Architectural Mitigations – Safety Monitors and RTA 
Given the challenges with ensuring the trustworthiness of 

AI/ML functions, architectural considerations such as the 

implementation of deterministic independent RTA safety 

monitors can mitigate the inability to fully validate and verify 

AI/ML functions, ensure behavior is always safe and 

predictable, and mitigate the risks associated with 

anomalous/undesired behavior.  With this approach, the 

uncertainty in the AI black box is mitigated by implementing 

deterministic boundaries and controls around it.  

ASTM international committee F38 on Unmanned Aircraft 

Systems developed ASTM F3269-17 (ASTM International: 

F3269-17 Standard Practice Methods to Safely Bound Flight 

Behavior of Unmanned Aircraft Systems Containing Complex 

Functions, 2017) Standard Practice for Methods to Safety 

Bound Flight Behavior of Unmanned Aircraft Systems 

Containing Complex Functions.  Acknowledging the 

challenges in verification of complex functions using 

conventional software methods, the document was developed 

to provide industry with a standard practice for certification of 

UAS containing complex functions.  F3269-17 (ASTM 

International: F3269-17 Standard Practice Methods to Safely 

Bound Flight Behavior of Unmanned Aircraft Systems 

Containing Complex Functions, 2017) address a RTA safety 

monitor architecture concept that implements independent 

real-time monitoring, prediction, and fail-safe recovery 

mechanisms that bound the behavior of a complex functions to 

ensure the safety of a UAS.  The RTA architecture implements 

a deterministic independent safety monitor function that 

oversees the outputs of the complex function and ensures that 

the outputs are safe and executable based on a set of 

predetermined rules that bound acceptable outputs of the 

complex function.  Should the complex function’s outputs be 

determined to be outside of an acceptable range, the safety 

monitor implements a deterministic response overriding the 

outputs of the complex system to ensure the air system remains 

in a safe state.  

Independent safety monitors and RTA architectures 

provide a deterministic layer of protection around the complex 

function and mitigates the risk of unpredictable/anomalous 

behavior of the complex function. In addition, safety monitors 

provide a layer of failure detection that is independent of the 

complex system being monitored. As they are deterministic, 

RTA safety monitor architectures can be developed using 

traditional hardware and software systems engineering 

processes (e.g., the systems engineering ‘V’). Existing 

functional, hardware and software safety assessment and 

development assurance processes and standards (e.g., MIL-

STD-882E (MIL-STD-882E: Department of Defense Standard 

Practice, System Safety, 2012), ARP-4761 (Guidelines and 

Methods for Conducting the Safety Assessment Process on 

Civil Airborne Systems and Equipment, 1996), ARP-4754 

(Guidelines for Development of Civil Aircraft and Systems, 

2010), DO-178C (Certification Specifications for Large 

Aeroplanes CS-25 Software Considerations in Airborne 

Systems and Equipment Certification, 2011) can be utilized. 

System and subsystem functional hazard analyses considering 

system architecture can be used to establish RTA safety 

monitor safety objectives and mitigations. This includes 

allocation of functional, performance and safety requirements 

to the RTA safety monitor function, and use of system and 

subsystem functional hazard analyses considering system 

architecture to establish safety objectives and mitigations. 

Hardware and software safety objectives should be based on 

the criticality of function using MIL-STD-882E (Department 

of Defense MIL-STD-882E: Department of Defense Standard 

Practice, System Safety, 2012) or civil equivalent (ARP-4761 

(Guidelines and Methods for Conducting the Safety 

Assessment Process on Civil Airborne Systems and 

Equipment, 1996), ARP 4754 (Guidelines for Development of 

Civil Aircraft and Systems, 2010). Typically, safety monitors 
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are considered safety critical functions and developed to the 

appropriate level of rigor/development assurance.  

An example implementation of a RTA safety monitor 

architecture is provided in Figure 3. In this example, an 

AI/neural net complex function provides outputs to a vehicle 

management function.  A safety monitor is implemented that 

monitors the inputs to, and outputs from the complex function. 

Input monitors assure that system inputs are acceptable for use 

by the complex function (e.g., valid within an acceptable range 

of expected values, rates of change, etc.). The output side of 

the safety monitor checks that the outputs of the complex 

function are with predefined safety boundaries/range of 

acceptability before being sent to the vehicle management 

function.  In the event that the output of the complex function 

falls outside of a pre-defined set of safety boundaries, the 

safety monitor will override the complex function’s output, 

and provide outputs to the vehicle management function that 

insures the system remains in a safe state.  These outputs can 

range from simple error declaration that flags an error in the 

complex function to issuance of safe state commands in lieu of 

those determined by the complex function.  

 

 
 

Figure 3. RTA Architecture  

 

  

5. Materials and Methods  
  

The summit determined that the following concept for 

aerial refueling could lead to a PFC for a AI/ML function 

within naval aviation and can be used as a certification strategy 

and framework: 

• Midair Collision Avoidance With the Tanker Aircraft: 

A 3-D keep-out zone safety boundary shall be 

established around the tanker aircraft.  This keep-out 

zone serves as a safety boundary to ensure the receiver 

aircraft does not contact the tanker.  Utilizing a DGPS 

based relative navigation solution, deterministic 

vehicle management function can be used to position 

the receiver in the pre-contact position.  During the 

entire tanking evolution, a deterministic safety monitor 

ensures the receiver aircraft remains in a safe position 

relative to the tanker. 

• Corridor of Autonomy (COA): As part of the RTA 

architecture the receiver would maintain separation 

from the tanker and only attempt to make contact with 

a drogue that is within a defined volume behind the 

tanker. The summit agreed that the key to obtaining a 

PFC for autonomous tanking is to establish a COA. The 

COA would also be considered a flight clearance 

envelope, where the system will be permitted to exhibit 

autonomous behavior where a monitor will ensure it 

will remain within the envelope (Figure 4). The 

dimensions of the COA are defined relative to the 

tanker aircraft. It would include the nominal location of 

the drogue and the nominal location of the optional 

refueling point (approximately 10 feet forward of the 

contact position). The COA would include some 

amount of room for deviations from the nominal 

positions to allow for perturbations. The UAS would 

only be allowed to exhibit autonomous behavior if it 

that behavior would result in the UAS remaining within 

the COA. 

• Transition from Pre-Contact to Contact: Once in the 

pre-contact position, the vehicle position command 

transitions from DGPS-based tanker relative position to 

drogue-relative navigation position using an AI/ML 

based computer vision sensor. The AI/ML based vision 

sensor identifies the drogue location and provides 

relative position commands to the vehicle management 

function which maneuvers the probe tip into the 

drogue.  This contact point is marked via a relative 

position to the tanker. 

• Fuel Transfer: After the receiver makes contact with the 

drogue, it will push the drogue in approximately 10 feet 

(based on DGPS) to allow fuel to transfer. Throughout 

the tanking evolution safety monitors track the location 

of the receiver and tanker aircraft to ensure the COA is 

not breached. This will also continue to mitigate the 

risk of midair collision. 

• Completing the Task: Once the receiver has completed 

its fuel onload it will return the drogue to the contact 

point, back out to its pre-contact point, and continue its 

planned mission. 
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Figure 4.  EA-18G Growler at the Pre-Contact 

Position in 2011 with a Notional COA added to the Image 

(“EA-18G Completing the Aerial Refueling Task Over 

Washington State,” 2011) 

  

6. Remaining Tasks for Certification 
  

Certification of autonomous systems presents unique 

challenges.  Existing processes and standards form a basic 

foundation for certification, but are predicated on the use of 

deterministic systems.  Near term practical certification 

solutions for certification of non-deterministic AI/ML 

applications are needed.  The fundamental work accomplished 

by ASTM and EASA provides a jumping off point for a 

development of a tailored development assurance strategy for 

AI/ML.  It is recommended that the NACAIWG develop and 

document certification, criteria, standards, methods of 

compliance and processes for AI/ML in DoD air systems. In 

an effort to help establish a path forward to certification, the 

NACAIWG is attempting to reach a consensus across the DoD 

for updates to the relevant guidance documents. 

The following key elements should be considered in the 

development of a tailored certification framework for a 

specific AI/ML function: 

• Implement traditional systems engineering processes 

(the systems engineering "V").  Utilize existing 

functional, hardware and software safety assessment 

and development assurance processes and standards to 

the maximum extent possible (e.g., MIL-STD-882E 

(MIL-STD-882E: Department of Defense Standard 

Practice, System Safety, 2012), ARP-4761 (Guidelines 

and Methods for Conducting the Safety Assessment 

Process on Civil Airborne Systems and Equipment, 

1996), ARP-4754 (Guidelines for Development of 

Civil Aircraft and Systems, 2010), DO-178C 

(Certification Specifications for Large Aeroplanes CS-

25 Software Considerations in Airborne Systems and 

Equipment Certification, 2011)).  This includes of 

system level functional, performance and safety 

requirements allocation to the AI/ML function. 

Conduct system and subsystem functional hazard 

analyses considering system architecture, and establish 

hardware and software safety requirements and 

mitigations. 

• Leverage the EASA learning process W to develop a 

development assurance framework for AI/ML 

functional assurance.  Tailor EASA ML development 

objectives to the proposed system design and 

architecture.  Leverage EASA ML safety assessment 

objectives, means of compliance and guidance material 

to establish a framework for AI/ML functional 

assurance.  Implement and adapt the traditional 

Systems Engineering V with the Learning Assurance 

W.  Guidance and objectives are provided in EASA 

concept Paper: First Usable Guidance for Level 1 

Machine Learning Applications (EASA Concept 

Paper: First Usable Guidance for Level 1 Machine 

Learning Applications, 2021). 

• Implement an independent, deterministic RTA/safety 

monitor architecture to mitigate residual risk associated 

with the uncertainty of the AI/ML function and satisfy 

system-level safety objectives.  This is necessary due to 

the complexity and nature of AI/ML functions and the 

challenges associated with ensuring fail-safe behavior 

of non-deterministic autonomous functions.  Because 

they are deterministic, existing hardware and software 

systems engineering processes can be used and existing 

functional, hardware and software safety assessment 

and development assurance processes and standards 

(e.g., MIL-STD-882E (MIL-STD-882E: Department of 

Defense Standard Practice, System Safety, 2012), 

ARP-4761 (Guidelines and Methods for Conducting 

the Safety Assessment Process on Civil Airborne 

Systems and Equipment, 1996), ARP-4754 (Guidelines 

for Development of Civil Aircraft and Systems, 2010), 

DO-178C (Certification Specifications for Large 

Aeroplanes CS-25 Software Considerations in 

Airborne Systems and Equipment Certification, 2011)) 

may be utilized.  This includes allocation of functional, 

performance and safety requirements to RTA safety 

monitor functions, and use of system and subsystem 

functional hazard analyses considering system 

architecture to establish safety objectives and 

mitigations.  Hardware and software safety objectives 

should be based on the criticality of function using 

MIL-STD-882E (Department of Defense MIL-STD-

882E: Department of Defense Standard Practice, 

System Safety, 2012) or civil equivalent (ARP-4761 

(Guidelines and Methods for Conducting the Safety 

Assessment Process on Civil Airborne Systems and 

Equipment, 1996), ARP 4754 (Guidelines for 

Development of Civil Aircraft and Systems, 2010)). 

Treat safety monitors as safety critical functions.  

Guidance on the development and implementation of 

safety monitors and RTA can be found in ASTM 

F3269-17 (ASTM International: F3269-17 Standard 

Practice Methods to Safely Bound Flight Behavior of 

Unmanned Aircraft Systems Containing Complex 

Functions, 2017). 

• Implement provisions for delegation of autonomy to 

the system as well a human 

supervision/monitoring/oversight of the autonomous 

function (human-on-the-loop) as an additional 

mitigation against unpredictable system behavior or 

complex failure conditions. 

• Utilize an iterative AI/ML development and 

verification strategy utilizing software simulations, 

hardware in the loop simulations, and flight test data to 

train, and verify the AI/ML function. 

• Limit ML to the development environment until 

confidence is gained in the learning function. Once 

confidence is gained in the integrity of the AI/ML 

function, consider enabling learning in operational 

systems. 
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7. Conclusions and Future Work 
  

The June 2021 summit was a large step in the right 

direction for certification of autonomous systems in Naval 

Aviation. By bringing certification officials from the three 

services and NASA together with industry and academia on a 

notional use case we were able to have an open and frank 

dialog on the airworthiness certification issues associated with 

AI/ML. AI/ML certification guidelines need to be established 

by the government before we task industry to develop the 

systems. The results of the summit highlighted the need for 

standards and guidelines that support the development and 

certification of autonomous systems.  

The results of the summit also provide insight into a 

potential airworthiness certification framework for AI/ML for 

a specific use case. We recommend that future summits 

expand to other use cases. We recommend that a future summit 

be held with an expanded audience (to include NAVAIR Naval 

Subject Matter Experts) to further iterate on standards, 

methods of compliance, validation and verification processes 

that will be required to certify air systems that incorporate 

AI/ML functions.  

We recommend a future summit to further decompose the 

unmanned aerial refueling task, with a focus on establishing 

guidelines, standards and methods of compliance supporting 

development and certification of autonomous systems.  The 

example use case may be useful in exploring testing, modeling 

and simulation methods and strategies to support autonomous 

system certification.  

The summit chose to keep the receiver aircraft as a generic 

system. Not one that is developed by one of the primes (i.e., 

Boeing, Lockheed Martin, or Northrop Grumman). This 

enabled free and open discussion among all attendees of the 

summit. Prior to full certification of the autonomous system 

the interactions between the autonomous functionality and the 

air vehicle would need to be vetted through flight clearance 

officials. This paper only focused on the application 

capabilities of the system and not the technical aspects. Once 

a path towards certification has been approved by 

airworthiness authorities, examining the technical aspects of 

the interactions would have been to be accomplished before a 

truly autonomous system can be given a safety of flight 

certification within United States Naval Aviation.  
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1. Introduction 
 

Airline companies have emerged in the first quarter of the 

20th century (Wensveen, 2007), and have gained an important 

place in the passenger transportation industry by growing 

continuously (TOBB, 2018). Due to the rapid growth in the 

industry, the intensity of the competition between airline 

companies has increased day by day (Küçükönal & Korul, 

2012), and reached its highest level at the beginning of the 21st 

century. At the beginning, there were the major airlines which 

evolved into FSCs in today’s terminology, the regional airlines 

and the charter airlines. After deregulation, LCCs entered the 

sector as a new model, but even this model had been pioneered 

by Southwest (founded in 1967) and built on the charter airline 

model’s focus on cheap tickets. Eventually, increased 

competition (mainly due to rapidly growing LCCs) in the 

deregulated era led to major changes in business models. Thus, 

more competition has caused changes in existing business 

models and the invention of new ones, and airline companies 

have started to adopt different business models in order to 

reduce the severity of competition by segmenting the market 

(Koch, 2010). 

 

Recently, it is observed that airlines adopting different 

business models have started to enter into each other's fields of 

activity (Wit & Zuidberg, 2012). For this reason, especially 

full-service and low-cost airline companies strive to gain a 

competitive advantage against each other by controlling “the 

overtime fees (Hava-İş, 2019), accommodation fees paid to 

cockpit and cabin crews, the fees paid to the accommodation 

facilities, and the transfer fees between facilities and the 

airport (Durmuş & Öztürk, 2014). The Crew Planning 

Department assumes one of the most important tasks in this 

regard (Üzülmez & Çalışkan, 2018). In order to perform the 

most effective flight operations at the lowest cost, the crew 

Planning department is engaged in two consecutive activities 

that complement each other: Crew Pairing and Crew Rostering 

(Barnhart et al., 2003). The crew pairing addresses the problem 

of finding a flight sequence, while the crew rostering focuses 

on the problem of determining the cockpit and cabin crews to 

be assigned to these flight sequences (Tekiner et al., 2009). 

According to the business model, the expectations from 

crew planning departments and their focus points may differ. 

In the study, semi-structured interviews were carried out with 

the managers and employees of the crew planning departments 
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of a low-cost airline company and a full-service provider, 

which operates as Turkey's flag carrier airline, and the 

similarities and differences that emerge according to the 

adopted business model were studied. 

 

2. Conceptual Framework 
2.1. Business Models in the Airline Industry 

The airline business models that comply with the 

competitive strategies introduced by Porter, 1980 can 

generally be discussed in five classes: the full-service provider, 

low-cost, regional, charter, and air taxi business models (Koch, 

2010). In accordance with the differentiation strategy, full- 

service airline business model offers the highest level of 

service for different passenger classes (Özkan, 2019). In this 

business model, high costs are incurred in exchange for 

carrying passengers with high ticket fees (Mutlu & Sertoğlu, 

2018). 

The full-service provider airline business model is mostly 

adopted by large airline companies operating on multiple 

continents. They have a mixed fleet structure, which usually 

consists of wide and narrow-body aircraft (Önen, 2018). Due 

to Flight and Duty Time Limitations and Rest Requirements 

(FTL) instruction and the variety of services offered on-board, 

they employ more than the minimum number of cockpit and 

cabin crew members (Steine et al., 2009). This business model 

has specific features such as maintaining operations in primary 

airports (Wit & Zuidberg, 2012), operating connected flights 

using certain airports as a Hub & Spoke center (Erdoğan, 

2018) and establishing low-cost airline business subsidiaries. 

Low-cost airlines usually provide services only to 

economy class passengers with a uniform fleet of narrow-body 

aircraft (Eroğlu, 2015). In accordance with the cost leadership 

strategy, there is a constant effort to develop mitigating 

practices on all items of expenses (Dinçer, 2013). Low-cost 

airline companies prefer secondary airports to procure the 

services offered by the airport at more affordable rates (Şen & 

Akpur, 2015). As the flight density of secondary airports is 

less, the ground times are kept to a minimum to carry out a 

more frequent number of flights (Erdoğan, 2018). In addition, 

it is aimed to control the costs by assigning the lowest number 

of the cockpit crew and cabin crew allowed (Shaw, 2007). 

Regional airlines, on the other hand, usually use the focus 

strategy. They try to avoid the severity of competition by 

operating flights with regional jets with seats usually less than 

100, or turbo props aircrafts to destinations where other airline 

companies do not operate flights. Some regional airlines can 

generate revenue by moving passengers from small cities to 

Hub & Spoke centers on behalf of full-service airline 

businesses (Bieger & Agosti, 2005). In this business model, 

since the total number of flights, aircraft, flights, and cabin 

crew is smaller than in other business models, expense control 

activities are mostly based on cockpit and cabin crew fees. 

Charter airlines adopt a focused cost leadership strategy 

(Gerede, 2015). In this business model, it is aimed to achieve 

the maximum number of flights by selling seats to tour 

operators in blocks (Aldemir, 2018). Agreements are most 

often concluded before the holiday season (Balta & Altıntaş, 

n.d.). Since the cockpit and cabin crews to be employed are 

usually seasonally determined, options such as unpaid leave or 

dismissal may be on the agenda during periods when the need 

decreases (Jull, 2016). In general, the demand for charter 

flights is low compared to other airline business models. 

Adopting a focused differentiation strategy, Air Taxi 
businesses offer a small number of passengers the opportunity 

to travel with high quality and flexible hours through business 

jets in their fleet (Wensveen, 2007). The share of business jets 

leased by passengers who can pay high fares in the airline 

industry is increasing regularly (Vincent, 2020). There may be 

sudden changes in the schedules of cockpit and cabin crews as 

air taxi companies offer flexible flight hours to passengers. 

Effective flight planning is required to keep these changes 

under control, which may lead to an increase in overtime and 

accommodation fees. 

Although there are differences in practice according to the 

adopted business model, the crew planning department is 

primarily responsible for ensuring that the operations of airline 

companies are carried out smoothly and at the lowest possible 

costs. 

 

2.2. Crew Planning Department 
Crew planning activity is a complex and dynamic process 

consisting of various tasks such as calculating flight duty 

period (FDP), duty period (DP), and rest time of cockpit and 

cabin crew members (Akyurt & Yaşlıoğlu, 2018), recording 

professional health controls, annual leave, training, and 

considering the circumstances that hinder the flight of the 

members (Akyurt & Yaşlıoğlu, 2018; Ernst et al., 2004). Crew 

formation activities include cockpit and cabin crew members 

and may differ depending on the structure of the industry, the 

size of the company, and the intended purposes. 

The cockpit crew members consist of at least one pilot in 

command and a co-pilot. The pilot in command is a person 

who is responsible for the entire operation of the aircraft 

during flight duty and is licensed by an authorized civil 
aviation organization of the relevant aircraft type (SHGM, 

2016). The cabin crew consists of cabin attendants licensed by 

an authorized civil aviation organization and who have 

successfully completed the airline's training, at least one of 

whom is a cabin chief. The cabin chief is appointed from cabin 

attendants who have at least 1 year of cabin attendant 

experience and have successfully completed their training and 

control flights (SHGM, 2019). 

The body size of the aircraft, the number of seats, the 

number of emergency exit doors (SHGM, 2002) and the FTL 

instruction issued by the civil aviation organizations of the 

countries can cause significant variations in the formation of 

cockpit and cabin crews (EASA, 2017). However, the 

procedures of the airline company, the earned rights by 

collective bargaining agreements, the existence of connecting 

flights, aircraft parking capacity of airports, safety, security, 

and comfort conditions in the accommodation airports, and 

differences in service according to the business model adopted 

by the airline may also be effective in this regard. 

In addition, the crew planning department has important 

additional tasks such as rostering cockpit and cabin crew to 

specific flights they prefer, scheduling annual permits to the 

dates they request, and balancing the distribution of the 

number of monthly and annual flights and the number of 

airports for flights and accommodation. It is aimed to maintain 

labor peace and increase motivation through these additional 

tasks (Barnhart et al., 2003). 

 

2.2.1. Crew Pairing 
The crew pairing activity usually refers to the scheduling 

of a series of flight duties that end where they started. When 

scheduling flight sequences, first of all, the maximum FDP, 

flight time (FT), and DP determined by civil aviation 

organizations for crew members are taken into account. FDP 
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covers a period that begins when a flight crew member reports 

his/her arrival for flight duty and ends when the aircraft's 

engines are shut down after the last flight (SHGM, 2018). FT 

is a period that starts with the first movement of the aircraft for 

each flight and ends with the shutdown of the engines at the 

end of the flight (SHGM, 2017). DP refers to the period 

between the arrival of crew members at the designated time at 

the place of duty and decommissioning from all duties at the 

end of the flight (Erkayman, 2013). 

The procedures of the airline companies and/or the 

procedures that can be arranged in favor of the crew members 

as a result of trade union activities can have an effect on FDP, 

FT, and DP. There may be differences in the determination of 

these periods in two airline companies with different 

operational conditions, as well as the differences in the periods 

determined for different bases of a single airline company 

(Hava-İş, 2019a). 

Many airlines plan connecting flights for destinations 

where passengers cannot go directly (Gerede, 2015). 

Passengers collected at major airports designated as Hub & 

Spoke centers are distributed to a wide range of flight 

destinations through connected flights. In order for connected 

flights to be carried out without delay, it is necessary to plan 

the flight sequences with extreme caution (Medard & 

Sawhney, 2007). 

Each airport has a certain capacity, and in order for airlines 

to use airport services, they must have obtained a permit called 

SLOT prior to the flight (İnan, 2020). SLOT refers to the 

allocation of the time required to the airline company usually 

for a fee, for the flight of the aircraft from the relevant airport 

(Cengiz, 2010). Availability of SLOT dependent on the airport 

capacity is important, especially in order to meet the additional 

flight requests of airline companies and to evaluate the 

feasibility of new lines (Battal et al., 2006). 

Crew planning departments work in cooperation with 

various departments to prevent possible delays by effectively 

planning the time that aircraft spend on the ground. For 

example, the maintenance activities of the technical 

department have an important place in the effective use of the 

time spent on the ground. Maintenance operations, which are 

often audited by authorized civil aviation organizations 

(SHGM, 2008), can be scheduled between flights or when the 

aircraft is parked during an overnight stay (Gerede, 2017). 

Airline companies cannot generate revenue during the time 

that planes are on the ground. Therefore, the crew planning 

departments attempt to create flight sequences that allow for 

the highest number of flights. When creating flight sequences, 

planners should determine at which airport the aircraft will 

spend the parking time taking into account the connected 

flights and where the next flight series will start, check the 

availability of parking at the relevant airport, coordinate with 

the technical department should be ensured if there are planned 

maintenance procedures during the parking period, and ensure 

the safety and comfort of the crew staying at the airport or in a 

suitable facility. An extremely complex structure arises when 

the coordination of these activities is carried out for a large 

number of aircrafts, flights, and crews. After the completion of 

the crew pairing activities through the flight sequences, the 

crew planning department starts the crew rostering, which is 

also very challenging the second problematic issue. 
 

2.2.2. Crew Rostering 
Crew rostering activity refers to the creation of individual 

programs of the crew members taking into account the criteria 

of aircraft type, FTL, airline procedures, trade union 

requirements, and a balanced distribution of duties. In order to 

create individual programs, the number of crew members 

required for each type of aircraft must first be determined. The 

number of crew members varies according to the aircraft size. 

Civil aviation organizations generally require that at least 1 

cabin crew member is on board for every 50 passenger seats 

and/or each emergency exit door (SHGM, 2002). The 

minimum number of cabin crew members increases in wide- 

body aircraft types due to the seat capacity and the high 

number emergency exit doors. In addition, there must be at 

least 2 pilots on the passenger aircraft, one of whom is the pilot 

in command (Lim at al., 2017). However, with the inclusion of 

flight engineers in the cockpit crew in some types of wide- 

body aircraft, the number of flight crew members may increase 

(EASA, 2019). 

Another important factor that should be taken into account 

when determining the number of cockpit and cabin crew 

members is the FTL instruction. The instruction details many 

practices, especially on FDP, FT, and DP; such as, duty start 

times, number of flights, situations and requirements where the 

maximum duty period can be extended, in-flight and post- 

flight rest times, transitions between consecutive day and night 

duties (SHGM, 2018). Factors such as technical disruptions 

during the flight, the intensity of the airport, deteriorating 

health condition of the passenger, and adverse weather 

conditions can cause delays (Serdar, 2019). In such unforeseen 

circumstances, FDP may be extended and the Extended 

Maximum Daily FDP chart may be used within certain 

restrictions. In addition, if certain conditions are met, extended 
FDP can be applied for flights with a planned departure from 

the main base. In this case, cockpit and cabin crews should be 

provided with in-flight rest and at least one additional crew 

member should be assigned (EASA, 2017). 

The rest period allocated for the crew members at the end 

of the flight should be at least 12 hours or as much as the 

previous FDP, depending on which one is longer. Outside the 

main base, this duration is applied as 10 hours or as the 

previous FDP (SHGM, 2018). If transition from a night flight 

to an early day flight is planned, then at least one-night rest 

should be allowed between the two duties, and at least 60 hours 

of rest should be planned if four or more consecutive night 

duties are assigned (EASA, 2017). These restrictions increase 

the number of crews necessary to complete flight sequences. 

For the crew planning department, the airline's procedures 

are important, in addition to the FTL instruction, in the 

preparation of flight schedules. Scheduling more than the 

minimum number of cabin crew on certain flights, having 

cockpit and cabin crew members with different ratings, paid 

and unpaid leave periods, and special requests can affect the 

activities of the crew planning department. 

If cockpit and cabin crews are unionized, many rules of 

FTL instruction and operating procedures that form the basis 

for the preparation of flight schedules can be changed in favor 

of the personnel (Akyurt & Yaşlıoğlu, 2018). Therefore, the 

activities of the crew planning department may differ between 

airline companies depending on whether the personnel are 

represented by a union or not. Determining the number of 

annual leaves, crew rostering of extra members for short 

flights, and FDP, FT, DPs, determined specifically in the 

collective bargaining agreement, in favor of employees affects 

crew rostering activities (Hava-İş, 2019). 

The appointment of cockpit and cabin crews to the long 
consecutive duties, night flights, or numerous accommodation 
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tasks can increase the level of fatigue (SHGM, 2018). If some 

of the crew members consistently find their flight schedules to 

be more exhausting than other members, labor peace may be 

disturbed. This condition, which may create a decrease in the 

level of job satisfaction and motivation, may cause a decrease 

in service quality, and have a negative impact on the 

profitability and sustainability of the airline business 

(Yangınlar & Kabul, 2020). 

The crew planning department performs an important task 

to ensure labor peace by preparing balanced flight schedules 

and thus increasing the competitiveness of the airline 

company. Activities such as granting cockpit and cabin crews 

the right to choose a certain number of flights, taking into 

account their preferred annual leave dates, allowing free days 

on birthdays and anniversaries are among the methods used by 

crew planning departments to increase job satisfaction and 

motivation. The crew planning departments carry out crew 

rostering activities by considering all these factors. 

 
3. Research Purpose, Importance, And Problem 

 

The study aims to contribute to the literature and relevant 

stakeholders in the industry by comparing the crew planning 

activities of two airline companies that adopt different 

competitive strategies in Turkey. 

In the literature, there are no studies investigating the 

differences between the crew planning departments within the 

scope of the competitive strategies adopted by airline 

companies. It is important that the crew planning activities that 

have a significant impact on the profitability and sustainability 

of airline companies are investigated in-depth for a 

contribution to the literature. 

The majority of the human resources employed in airline 

companies are cockpit and cabin crews. The research problem 

is to reveal the crew planning activities applied for the 

effective use of human resources in airline companies that 

adopt different competitive strategies. 

 

4. Research Method 
 

The research was conducted at two airlines operating in 

Turkey in 2019 by adopting qualitative methods. For the 

purpose of explaining the problem in-depth in the qualitative 

research method, the information collected from the relevant 

people is analyzed by creating themes that lead from the 

specific to the general (Creswell, 2007). The use of the 

purposive sampling technique together with the qualitative 

research method makes it possible to obtain more information 

about the subject being investigated (Curtisa, 2000). 

The research participants consisted of managers and 

employees of the crew planning departments of two airline 

companies. Firstly, the crew planning department managers of 

each airline were interviewed within the scope of the research. 

Based on the information received from the department 

managers, department employees with at least 3 years of 

professional experience in the relevant airline were identified 

and included in the study. The number of participants is a total 

of 10 individuals, consisting of 5 individuals for each airline, 

including managers of the crew planning department of the 

two airlines. Semi-structured interviews were conducted with 

the participants. The interview technique allows direct access 

to the feelings and beliefs of the people participating in the 

research (Patton, 2014). The semi-structured interview 

technique is often preferred since it provides flexibility for the 

researcher (Tümüklü, 2000). An in-depth interview is possible 

with the prepared interview questions that can have a new 

direction according to the responses given by the participants 

(Toprakçı & Aksoy, 2019; Ekiz, 2003). 

The research questions were prepared by considering an 

article that two of the authors had previously published about 

crew planning management and other studies available in the 

literature, such as DGCA, EASA publications. In addition, 

while preparing the interview questions, the questions that the 

authors obtained from the literature in the previous article were 

developed by taking the suggestions of two airline crew 

planning managers. The participants of the study were 

informed about the subject matter, the use of audio recording 

devices, and their right to get their expressions removed from 

the recordings if they wish. The participants were informed 

about their confidentiality by stating that codes will be used in 

the manuscript, instead of their names, and the interviews were 

conducted in places where they feel free to express themselves 

clearly to collect the most data possible. T1, T2, T3, T4, T5 

codes were used for the names of individuals working in the 

crew planning department of the flag carrier airline, and the 

P1, P2, P3, P4, P5 codes were used instead of the names of 

employees of the crew planning department of the low-cost 

airline company. 

 

5. Research Data Analysis, And Findings 
 

By assigning codes to the collected data, their relationships 

with each other were determined and themes were created 

accordingly. After the activities of the crew planning 

departments of the two airlines were addressed separately, the 

differences between them were analyzed and interpreted. 

 

5.1 Turkish Flag Carrier Crew Scheduling Department 
Eighteen codes were identified as a result of the data 

obtained through semi-structured interviews conducted with 

the managers and employees of the crew planning department 

of the full-service airline operating as a flag carrier in Turkey. 

The codes were found to be grouped under 7 themes: business 

model, communication and reporting, aircraft type, airline 

procedures, trade union, fair and equitable distribution of 

duties, and FTL. 

There are three codes that group under the business model 

theme: the 'separation of senior (experienced) and junior 

(inexperienced)', 'standby crew', and 'accommodation'. 

• Separation of senior and junior: Professional 

experience and language competencies are considered in 

the formation of cabin crew with the idea that maintaining 

the quality of service at the highest possible level will 

provide a competitive advantage. In addition, cabin and 

cockpit crews were classified according to the experience 

criterion in order to increase flight safety. If there is a 

junior second pilot in the cockpit crew, the pilot in 

command must be experienced, or vice versa, a senior 

second pilot is assigned for the pilot who is new as a pilot 

in command. 

• Standby crew: Published flight schedules may be 

changed during the month for many reasons such as 

cancellation, delay, divert, compassionate and sick leaves. 

Business model-specific activities such as classifying 

crews by providing different training according to the type 

of aircraft and scheduling more people for flights to 

priority points of importance, such as the prestigious line, 

make it difficult to plan standby crews. 
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• Accommodations: Accommodations increase the costs 

incurred by airline companies. Subsistence paid to crew 

members, hotel, and transfer fees are important expense 

items. In order to reduce the number of night layovers, 

short flights are combined when scheduling the flight 

sequences. Due to the FDP limits, it is seen as an 

important crew scheduling activity to plan four short 

flights as a flight sequence and reduce costs instead of 

resting the crews outside the main base by giving one 

short flight after two long flights. "The scheduling of four- 

legged flights is not welcomed by the crews, but it is a very 

effective method in terms of reducing costs," said 

participant T2 on this issue. The term leg is used for each 

take-off. 

Two codes were grouped under the theme of 

communication and reporting: 'communication' and 

'reporting. 

• Communication: The preferred method of 

communication in the flag carrier airline is the use of 

electronic mail. Although there is no rule that prevents 

communication by phone, it takes an effort to access. Prior 

to the face-to-face interviews with the relevant 

departments for various reasons, an appointment is 

requested via electronic forms. Permission must be 

granted by the responsible authorities of the affiliated 

department in order to conduct interviews on issues 

related to different departments. The crew scheduling 

department needs to work in cooperation with various 

departments. This vertical communication can be an 

obstacle in situations that require speed. 

• Reporting: The reporting culture is quite common in the 

flag carrier airline. It is expected that all conflicts between 

employees will be reported, especially in cases related to 

safety. Particularly, to follow the problems experienced 

among the cabin crew members, it is requested by the 

cabin crew department to plan face-to-face meetings 

under the name of office preoccupation. This increases the 

workload of the crew planning department and may cause 

flight schedules to be disrupted. 

There are two codes that group under the aircraft type 
theme: 'variety of aircraft types' and 'rostering by type'. 

• Variety of aircraft types: The flag carrier airline has a 

large number of narrow and wide-body aircraft in its fleet. 

Considering the types of aircraft with similar usage 

characteristics as a single type, cockpit crews only be 

rostered in one aircraft type, whereas cabin crews can be 

rostered in three aircraft types. For this reason, it is not 

possible for cabin crews to take part in some of the aircraft 

types in the fleet. Participant T1 expressed her opinion on 

this issue: We have to pay attention to the classes when 

assigning tasks. For instance, mistakenly rostering a Y- 

Class cabin chief licensed for an Airbus 330/350, in the 

place of a V-Class cabin chief licensed for a B777/787 will 

disrupt the operation. Due to this and many similar 

classifications, our work becomes complicated. 

• Rostering by type: Especially when a new aircraft type 

is added to the fleet, first of all, the lines, the number, and 

frequency of flights with this aircraft type are taken into 

account. Within the scope of these criteria, the crew need 

is determined and type training is planned. In addition, the 

annual mandatory recurrent training dates of the crews are 

planned by considering the number of crews required at 

that period in the aircraft type. 

There are three codes that are grouped under the theme of 

the Airline Procedures: 'income and expense balance', 'number 

of flight legs', and 'employee satisfaction' 

• Balance of income and expenses: Civil aviation 

organizations determine only the minimum number of the 

cockpit crew and cabin crew, but do not state a maximum 

number. The flag carrier airline schedules the least 

possible number of crew members for flights without 

sacrificing quality. On the other hand, in order to maintain 

operations at the lowest cost, many factors are taken into 

account, such as which airport the aircraft will spend long 

parking periods in, connecting flights, and technical 

requirements. Participant T3 said, "We don't just perform 

a grouping process when scheduling flight sequences. The 

number of connecting flights is very large, which leads to 

a complex scheduling process. We are expected to 

perform operations at the least cost, but there are factors 

that increase the complexity of the process such as airport 

availability, SLOT permits, and the maintenance time of 

the aircraft," he said, emphasizing the difficulties of the 

planning work. 

• Number of flight legs: The FTL instruction specifies how 

many take-offs can be performed during a flight duty, 

depending on the type of aircraft, the start time of the duty, 

and the total duty time. However, to increase safety in the 

flag carrier airline and not to wear down the human 

resources at hand, the maximum number of flight legs that 

are performed within a duty period is limited with four. 

Participant T1 stated the following regarding this issue: 

"The maximum number of flights per crew in our company 

is 4 legs. While other airlines can plan 5-legged flights for 

each cockpit and cabin crew, the fact that our application 

of procedures not allowing us to plan more than 4-legged 

flights, has a negative impact on costs and increases the 

number of crew members needed. My opinion is that it has 

an important contribution in terms of working conditions 

and safety." 

• Employee satisfaction: Employee satisfaction is taken 

into consideration when crew planning activities are 

carried out in the flag carrier airline. In this context, it is 

aimed to share the workload equally in the cockpit and 

cabin crew rosters. 

There are four codes under the trade union theme: '24-hour 

rule', 'overtime', 'rest periods', and 'fixed off days'. 

• 24-hour rule: The 24-hour rule is a restriction that is 

applied only to the flag carrier airline in Turkey because 

of trade union rights. According to this rule, the planned 

duties of crew members can be changed if they are 

notified at least 24 hours in advance. For example, T1 

stated the importance of the issue to them by saying "Since 

there is a rule that makes it difficult to assign crew 

members for sudden flight changes, it causes the planning 

more crew members to standby duties and increasing our 

workload". 

• Overtime: Flight crew members are entitled to overtime 

pay for each hour when they work over 70 flight hours per 

month, while cabin crew members are entitled to this right 

when they exceed 80 flight hours per month. Overtime 

pays should be carefully planned within the scope of 

expense management when preparing flight schedules. 

There is great importance attached to this issue since it 

will be a loss for the airline to enforce overtime work for 

some people when there are enough crews at hand. 

• Rest periods: The rest periods in the flag carrier airline 
differ according to the FTL instruction. According to the 
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collective bargaining agreement, the minimum rest period 

to be given at the end of a flight duty is calculated by three 

different methods. The calculation of the rest period is 

carried out by considering twice the FT, a minimum of 12 

hours, or FDP, whichever is longer. 

• Fixed off days: According to the FTL instruction, cockpit 

and cabin crews should be provided with 96 free days per 

year. Seven off-days in a month should be given, and the 

remaining 12 off-days should be distributed at available 

times. Trade union rights require that 8 fixed off-days 

must be given per month. In addition, 8 fixed off-days 

should be allocated in the 2+2+2+1+1 form. As 

participant T5 said, "Fixed off-days are a restrictive 

criterion for us. Sometimes we find it difficult to find a 

crew in case of need, and we cannot assign people, who 

have finished their rest period, to duty since they are on 

their fixed free off-days." 

The codes that are grouped under the theme of fair and 

equitable distribution of duties include 'person-independent 

pairings' and 'off-day requests'. In accordance with the first of 

these codes, the pairings are made independent of people when 

planning the flight schedules. 

• Person-independent pairings: It is emphasized that each 

crew member is evaluated equally and efforts are made to 

issue a fair and equitable schedule in which the seniority 

of crew members in the airline company and/or personal 

relationships with crew planning department employees 

are not involved. For example, T3 explained the 

importance attached by saying, "The work we do is 

capable of affecting the people's lives, and therefore we 

strive to ensure to issue the fairest possible schedule." 

• Off-day requests: Cockpit and cabin crews at the flag 

carrier airline can request eight off-days and four time- 

offs of 8 hours for the next month between the 1st and 

10th day of the current month. In this context, participant 

T4 said, "We are making a great effort to fulfill the wishes 

of the crews when preparing the programs. We have a 

priority to satisfy requests as much as possible. We try to 

create a balance on a monthly and sometimes yearly basis 

by treating everyone equally fairly." 

There are two codes that group under the FTL theme: 'civil 

aviation authority audits' and 'new rules'. 

• Civil aviation authority audits:The participants stated 

that the Directorate General of Civil Aviation (DGCA) 

inspects the crew planning activities through an electronic 

system, that breaking the FTL instruction imposes 

financial obligations and is important for the performance 

of department employees. 

• New rules: On January 1st, 2019, the FTL instruction was 

issued with significant changes in practice. Being a much 

more detailed instruction than before has led to an 

extension of the time for crew planning employees and 

cockpit and cabin crews to learn and get used to the new 

rules. In this regard, training documents have been 

prepared and crew members have been informed with 

detailed examples. The instruction, which has been in 

force for a short time, is supported by the operating 

procedures to adapt it to the operational structure of the 

airline. Participant T5 said, "When the FTL instruction has 

entered into force, we had to provide information for the 

crew members to adapt. Yet, we still receive objections 

regarding inappropriate duty assignments from crew 

members, and we have to explain to them that we have not 

made wrong planning according to the new rules. 

5.2 Low-Cost Airline Crew Planning Department 
Twenty codes were determined as a result of interviews 

with managers and employees of the crew planning 

department of the low-cost airline. It was observed that the 

codes are grouped under 7 themes: business model, safety 

management, aircraft type, airline procedures, FTL, 

communication and reporting, fair and equitable distribution 

of duties. 

There are four codes that group under the business model 

theme: 'turnaround time, 'base', 'accommodation', and the 

'number of employees'. 

• Turnaround times: Turnaround time up to 25 minutes on 

domestic flights and up to 40 minutes on international 

flights can be planned in a low-cost airline. These periods 

are usually 1 hour or more in full-service airline 

companies. A quick operation cycle is important to 

increase revenues by scheduling more frequent flights. 

• Base: Different bases have been established in order to 

minimize the accommodation and transfer fees paid to the 

crew members at the low-cost airline. There are six bases: 

Istanbul (SAW), Antalya (AYT), Izmir (ADB), Ankara 

(ESB), Adana (ADA), and Lefkoşa (ECN). Cockpit and 

cabin crews are offered to work at one of these bases 

provided that they organize their own accommodation, 

and requests within the quota are met. The crew planning 

department makes its plans by recalculating the number of 

captain pilots, co-pilots, cabin chiefs, and cabin attendants 

on the bases on a monthly basis. Regarding the bases, "We 

are trying to plan all the bases from a single center. Bases 

other than SAW are being run with fewer crew members. 

This is advantageous both for the company and for us. Not 

trying to solve the accommodation problem reduces our 

workload and keeps the business profitable. The major 

problem that can be experienced at the bases can be 

experienced in the planning of standby crew," said 

participant P2. 

• Accommodation: When scheduling flight sequences, the 

low-cost airline works with the unit that makes hotel 

adjustments. It is important that accommodation planning 

is carried out at a minimum level in terms of the hotel fees 

and subsistence paid to crew members, hotel, and transfer 

fees are important expense items paid. If there is an 

increase in hotel expenses at the end of the year, more 

careful planning needs to be done for the next year. On 

this issue, "Expense control is quite important in our 

business. We are expected to keep costs down as much as 

possible. We are trying not to deviate from the annual 

forecasts by carrying out constant checks on hotel fees 

and charges," said participant P3. 

•  Number of employees: The low-cost airline business 

model conducts operations with the fewest possible 

employees. Therefore, both the number of employees in 

the crew planning department and the number of cockpit 

and cabin crew are less than in other business models. On 

this issue, "We have a significant workload, we carry out 

planning activities with a small number of people. In 

addition, the number of crews is kept to a minimum. We 

are scheduling standby crew with a limited number of 

crew members at hand, and we have to disrupt all the 

plans we have made in unexpected situations, such as 

adverse weather conditions, and the number of aircraft 

failures greater than expected," said the participant P2. 

There are three codes that are grouped under the theme of 
safety management: 'safety department', 'fatigue levels', and 
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'separation of senior and junior'. 

• Safety department: Employees of low-cost airlines do 

not have the right to enter into a collective bargaining 

agreement. Instead, the safety department provides the 

management with suggestions about the FT, FDP, and 

DPs of cockpit and cabin crews, as well as rest and off- 

day periods within the scope of increasing flight safety. 

• Fatigue levels: The safety department can follow the 

fatigue levels of the crew members through algorithms 

and instruct the crew planning department to make the 

necessary corrections. 

• Separation senior and Junior: The safety department 

pays special attention to the separation between senior and 

junior when forming a cabin crew. Cabin crew 

classifications were made as cabin chief, 1st cabin 

attendant (CA1), 2nd cabin attendant (CA2), and 3rd cabin 

attendant (CA3). The cabin chief is responsible for the 

front left door, CA1 is responsible for the rear left, CA2 is 

responsible for the front right, and CA3 is responsible for 

the rear right door. The safety department aims to 

establish equality in terms of experience in front of and 

behind the aircraft with this assignment structure. 

There are two codes under the theme of aircraft type: the 

'variety of aircraft types' and 'rostering by type'. 

• Variety of aircraft types: Low-cost airlines usually 

operate with a uniform fleet of aircraft. Thus, it is aimed 

to reduce training costs, maintenance, and repair costs, as 

well as to use the crews effectively. The low-cost airline 

has three types of aircraft: B737, A320, and A321. The 

cockpit crew is divided into two classes as a Boeing and 

an Airbus crew. Since A320 aircraft and A321 aircraft are 

of a similar type, the Airbus crew can take part in both 

types of aircraft. Since they can be used in three types of 

aircraft, cabin crews can be utilized quite effectively. 

Participant P1 said, "Our workload has increased as when 

we started scheduling for two different aircraft types. In 

the first stage, we were able to plan training for a small 

number of cabin crews, but over time, all cabin crews 

were certified. As the training of the cockpit crews took 

longer, we had a difficult process. It is still difficult to find 

a cockpit crew due to the type differences at some times." 

• Rostering by type: The use of more than one type of 

aircraft in a flight sequence disrupts the unity of the 

cockpit and cabin crew. In low-cost airline companies, 

crew rostering activities usually begin with the selection 

of a cockpit crew, and then they are combined with the 

cabin crew to ensure that they act together during the duty 

period. If two aircraft types are used for reasons such as 

maintenance requirements, fuel-saving on four-legged 

flights, the pairing of cockpit and cabin crews is disrupted, 

and the workload of the crew planning department 

increases. 

The codes that are grouped under the airline procedures are 

'restriction of residence', 'part-time work', 'decision authority', 

and the '10 hours rule'. 

• Restriction of residence: Since the low-cost airline does 

not have a collective bargaining agreement, the most 

important restriction following the FTL instruction is the 

airline procedures. It is aimed to control the transfer costs 

by obliging the SAW base crews to reside on the 

Anatolian side of Istanbul. Vehicle planning is carried out 

for the residence addresses of the cockpit and cabin crews 

for the transportation to and from their duties. 

• Part-time work: The low-cost airline offers part-time 

work to cockpit and cabin crews. The crew planning 

department informs the flight operations and cabin crew 

departments about the number of crew members needed 

in respective months. The crew members who are on a 

part-time contract are employed full-time in one of the 

months between July and September. The option of 

working part-time is offered to cockpit crews as a 15-day 

unpaid leave, and cabin crew as a 7-day unpaid leave. 

• Decision authority: The crew planning department has 

the right to have a say in scheduling such as annual leave 

and holiday leaves. The crew planning department 

prepares calendars for annual leave scheduling, taking 

into account the need for cockpit and cabin crews, and 

allows crew members to make requests for a total of three 

different time frames. The flag carrier airline, on the other 

hand, offers a choice of 12 different time frames for the 

annual leave request. 

• 10 hours rule: Changes in the schedules of cockpit and 

cabin crews should be notified at least 10 hours before the 

start of the duty. About this issue, "We try not to disrupt 

the programs we issued as much as possible. Disruption 

of a person's schedule requires us to reschedule many 

people's schedules. We make changes to the programs in 

case of necessity for reasons such as additional flights, 

and health reports. We need to inform about the change 

we have made at least 10 hours before the flight," said 

participant P5. 

The codes that are grouped under the FTL theme include 

'civil aviation authority audits' 'number of flight legs', and 'rest 
requirements'. 

• Civil aviation authority audits (DGCA AUDITS): In 

DCGA audits, detection of practices contrary to the FTL 

instruction may result in administrative and financial 

sanctions. In this regard, "With the implementation of the 

FTL instruction, the frequency of audits has increased. 

Remote controls are carried out by means of technology. 

In case of non-compliance, fines can be imposed on the 

company or measures can be taken to stop the flight," said 

participant P4, stressing the importance of the issue. 

• Number of flight legs: Flight sequences are mostly tried 

to be planned as 4-legged. In order for the crew to reach 

the main base during the returns from the accommodation 

airports, 5-legged flight sequences can be scheduled 

provided that the last leg is off-duty (deadhead crew). 

• Rest requirements: The in-flight rest requirements have 

been tightened by the FTL instruction. In order to benefit 

from the extended maximum FDP right with the 

additional crew, one of the three rest facilities with 

different characteristics must be offered. The maximum 

FDP varies depending on the rest offered. Aircraft in the 

low-cost airline's fleet can take advantage of the extended 

maximum FDP only to a certain extent since they provide 

a limited rest in terms of the number of seats, placement, 

and reclining angle of the seats. 

The codes that are grouped around the communication and 

reporting theme are the 'communication' and 'reporting'. 

• Communication: Communication is carried out in a 

horizontal direction, intensively. The preferred way of 

communication is the use of electronic mail. The use of 

phones is accepted in order to increase the speed of 

communication in emergencies. The impact of 

bureaucratic obstacles is attempted to be alleviated 
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• through horizontal 

• communication. 

• Reporting: The low-cost airline company is given 

priority to employee satisfaction, and their commitment is 

tried to be increased by making them feel like family 

members. For example, the reporting of personal conflicts 

to the management are not welcome, this may be 

perceived as disturbing the peace in such family 

environment. Unlike the flag carrier airline, the reporting 

culture covers only circumstances related to safety and 

business development proposals. 

The codes that are grouped under the theme of fair and 

equitable distribution of duties are the 'person-independent 

pairings', and 'leg fee'. 

• Person-independent pairings: ID codes are used instead 

of names when scheduling the programs. After issuing the 

rosters, they are only changed when a crew member is 

absent, has a medical report, or if there are any operational 

reasons. In this case, the interested parties are informed 

about the reason for the change. 

• Leg fee: A low-cost airline has a fee item calculated per 

flight and expressed as a leg fee. Leg fees vary depending 

on the duration of the flight. The established fees increase 

by 50% in the summer season. It is important that the 

flight schedules are planned in a balanced manner in terms 

of due fares. 

5.3 Comparative Analysis of Crew Planning 

Departments of Flag Carrier Airlines and Low-Cost 

Airlines 

The themes and codes determined for the crew planning 

departments of the two airlines were created considering the 

frequency of the statements emphasized by the participants in 

their responses to the interview questions and the relationships 

of these themes with each other. Table 1 shows the themes, 

codes, and repetition frequencies obtained for the flag carrier 

airline and the low-cost airline. 

 

Table.1 Themes, Codes, And Frequencies of The Flag Carrier Airline And The Low-Cost Airline. 

Themes of Flag Carrier Airline Codes of Flag Carrier Airline Frequencies 

Business Model Separation of Senior and Junior 3 
 Standby Crew 5 
 Accommodation 4 

Aircraft Type Variety of Types 4 
 Rostering by Type 6 

Airline Procedures Income and Expense Balance 2 
 Number of Flight Legs 5 
 Employee Satisfaction 3 

Communication and Reporting Communication 4 
 Reporting 5 

FTL Civil Aviation Authority Audits 3 
 New Rules 4 

Trade Union 24-Hour Rule 6 
 Rest Periods 2 
 Fixed Off Days 3 
 Overtime 4 

Fair and Equitable Distribution of Duties Person-Independent Parings 3 

 Off-Day Requests 5 

Themes of Low-Cost Airline Codes of Low-Cost Airline Frequencies 

 
Business Model 

Aircraft Type 

Airline Procedures 

Communication and Reporting 

Safety Management 

FTL 

 
Fair and Equitable Distribution of Duties 

 
 

As shown in Table 1, the themes of the crew planning 

departments of the two airlines are similar, but the issues they 

consider important to achieve their goals differ. The only 

difference between the themes identified is the fact that low- 

cost airline employees do not have the right to make a 

collective bargaining agreement. The fact that similar codes 

Turnaround Time 5 

Accommodation 4 

Base 5 

Number of Employees 4 

Variety of Types 4 

Rostering by Type 4 

Restriction of Residence 3 

Part-Time Work 6 

Decision Authority 5 

10 Hours Rule 4 

 
Communication 3 
Reporting 2 

Safety Department 4 

Fatigue Levels 5 

Separation of Senior and Junior 5 

Civil Aviation Authority Audits 4 

Number of Flight Legs 3 

Rest Requirements 6 

 
Person-Independent Pairings 3 

Leg Fee 4 
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group under different themes is due to the different priorities 

caused by the procedures, safety management practices, and 

business models of the two airlines. 

 

6. Discussion 
 

The studied flag carrier airline and the low-cost airline are 

the leading airline companies in Turkey. The flag carrier 

airline ranks first in terms of fleet size, the number of 

passengers carried, and employed personnel, while the low- 

cost airline ranks second. The flag carrier airline adopts a full- 

service provider business model in line with the differentiation 

strategy, while the low-cost airline adopts the cost leadership 

strategy. 

Competition strategies may cause practices specific to 

different organizational structures, organizational culture, and 

business models. Different competition strategies are adopted 

in order to gain a competitive advantage by dividing the 

market in the airline industry where competition severity is 

high. However, airline companies may increase the severity of 

competition by entering each other's market sections for 

reasons such as saturation of occupancy rates on the lines they 

operate. For example, while the flag carrier airline operating 

in Turkey and the low-cost airline initially offered services to 

different market segments, today they compete with each other 

by scheduling simultaneous flights to many destinations. 

The fact that full-service airline companies pay attention to 

expense management as much as low-cost airlines may enable 

them to gain a competitive advantage against their 

competitors. The two major items of expenses of airline 

companies are fuel costs and personnel wages, respectively. 

The crew planning department strives to ensure that the 

company achieves the highest efficiency using the resources at 

its disposal by planning the schedules of cockpit and cabin 

crews, which have a significant share of personnel wages, as 

well as scheduling the flight sequences of aircraft in the fleet. 

For this purpose, crew pairing and crew rostering activities are 

successively performing to reach the targets. 

Cost management may be counted among the issues that 

are important for the effective execution of flight planning 

activities. In addition, these flight planning activities should be 

in compliance with criteria such as the airline's business 

model, fleet structure, instructions of civil aviation 

organizations, communication structure, organizational 

culture, airline procedures, trade union rights, fair and 

equitable distribution of duties. 

Flag carrier airline companies usually strive to differentiate 

by keeping the quality of service high. Low-cost airlines 

generally strive to keep the perception of quality lower level 

than flag carrier airlines and aim to incur the lowest possible 

costs on all expense items. Therefore, the amount resources 

allocated by the flag carrier airline to the crew planning 

department may be more than the low-cost airline. For 

example, even if the aircraft is similar to the low-cost airline 

in terms of the number and frequency of flights, the number of 

the cockpit crew and cabin crew employed in the flag carrier 
airline is usually higher due to the expectation of a higher 

quality. In addition, there may be advantages such as the 

number of accommodated duties planned, the conclusion of 

accommodation agreements with multiple hotels within the 

same city, and the faster fulfillment of requests due to the more 

intensive use of airport facilities. From this point of view, it is 

possible to conclude that the activities of the crew planning 

department of the flag carrier airline are less challenging than 

the activities of the crew planning department of the low-cost 

airline. Although an FSC might have more resources, its crew 

scheduling problem is almost always more difficult than that 

of an LCC because of extensive use of the hub and spoke 

network structure which is a tool for maximizing connections. 

However, in the light of the data obtained in the research, it 

was seen that the crew planning departments of the flag-carrier 

airline and the low-cost airline prioritized different concepts 

when attempting to achieve similar goals and had to deal with 

different challenges in both business models. 

Within the scope of the business model of the flag carrier 

airline crew planning department, attention is paid to the 

conditions for the coexistence of senior and junior crew 

members for flights in order to provide high-level quality 

service in full-service airline companies. The low-cost airline 

aims to increase safety by identifying the areas where senior 

and junior cabin crew members are responsible on the plane. 

The crew planning department of the low-cost airline tries 

to keep the number of accommodations of the cockpit and 

cabin crews to a minimum in accordance with its philosophy 

of taking mitigating measures on all items of expenses within 

the scope of its business model. In this way, it is aimed to 

control the hotel and transfer fees, aircraft parking rentals, and 

subsistence paid to the crew members. Flag carrier airline 

considers the same practice within the scope of airline 

procedures. In addition, the high number of connected flights 

of full-service airline companies is effective in this decision. 

Within the scope of the procedures of the flag carrier 

airline, short-term flights are combined to reduce the number 

of accommodations, while on the other hand, as few four- 

legged flights as possible are planned to ensure safety and not 

to burden the human resources at hand. In the low-cost airline, 

on the other hand, the same application is covered within the 

scope of FTL and safety management. Whereas attempts are 

made to make the most flights with the least number of crews, 

changes and interventions are made to the crew planning 

within the scope of safety management based on the analyses 

towards fatigue management. 

Both airlines emphasized that DCGA inspections have 

increased under the FTL instruction. It is of approximately the 

same importance that the work performed is monitored 

remotely with frequent intervals by an authorized 

organization. Similarly, the degree of importance attached to 

planning the most objective flight schedule possible by making 

pairings independent of people within the scope of fair and 

equitable duty distribution is similar. 

Many of the different practices seen between the flag 

carrier airline and the low-cost airline's crew planning 

departments are caused by the trade union activities. Since the 

majority of the flag carrier airline's staff are trade union 

members, they are able to conclude a collective bargaining 

agreement. However, in the low-cost airline there are no 

collective bargaining rights. Therefore, the rule of notification 

of a change in duty at least 24 hours before the start of the duty 

in the flag carrier airline, within the scope of the trade union, 

is applied in the form of notification at least 10 hours before 

the start of duty in the low-cost airline in accordance with the 

procedures. 

Although crew planning activities show similarities within 

the scope of the goals to be achieved, they differ in terms of 

the reasons for achieving these goals. As a result of the 

analysis, it was found that there are small differences between 

the goals of the crew planning departments of the two airlines, 
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but their practices differentiate from each other on many 

issues. 

7. Limitations and Recommendations for Future 

Research 

The decline in the airline industry after COVID-19 

pandemic and the fact that airlines have turned mainly to 

cargo services in addition to transporting passengers 

further increases the importance of crew planning. The 

main reason for this is the growing demand for cargo in 

addition to the decreasing passenger capacity, and the 

increasing importance attached by airlines to cargo 

services, so they are switching to aircraft suitable for 

carrying larger hulls and cargo. For this reason, the crew 

planning department also manages the transition process 
while determining the needs of these new types of aircraft. In 

addition, crew planning also plays an important role in 

determining the need for training. In the subsequent research, 

it is planned to investigate the effect of this structure on the 

process, which has changed and taken shape after COVID-19 

pandemic. 

In addition, the fact that the research was carried out only 

with the crew planning departments of two airlines, and that 

exclusion of the flight management, cabin crew, and technical 

departments that constantly interact with the crew planning 

department constitutes the limitations of the study. 

Consideration of the mutual relations of the activities of these 

departments in future research will contribute to the literature 

and the industry. In this context, as shown in Figure 1 below, 

a model is proposed for future research. 
 

 
Figure 1. The Proposed Research Model for Future Research 

 

In the proposed model, the mediating role of the flight 

operations department and the cabin crew department, which 

are defined as the flight crews, and the regulatory role of the 

technical department are investigated in the impact of the 

activities of the crew planning department on the operational 

efficiency. 
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1. Introduction  
 

 Aviation can be defined as one of the fastest growing 

sectors in the global economy and market. In order for global 

transportation and shipping services to be sustainable, human 

resources should be evaluated in the best way. Human resource 

is the most precious treasure that businesses have. It is 

evaluated that organizations managed with personal 

empowerment, motivation and knowledge management will 

be less injured in global competition wars. 

 In order to achieve sustainable goals strongly, 

organizations need to use their existing resources 

appropriately. Human resource is the most precious capital that 

organizations have. For this reason, the withdrawal of 

experienced personnel learnt by making large investments 

from the sector depending on internal and external factors can 

cause great financial losses for businesses. 

 In professional organizations, human resources are 

important for staff turnover. According to studies conducted in 

various sectors, the incidence of turnover is high for 

employees with low job satisfaction (Chin, 2018, Gabor, 2018, 

Lee et al., 2017, Shu et al., 2018). 

 Aviation, which is the job that requires top security and 

quality, aims to make people travel safely and quickly. It deals 

with increasing costs because of high standards. Losing human 

resources has the feature of increasing the costs of aviation. 
Therefore, job satisfaction among employees has an important 

place in staff turnover. 

 Compassion fatigue can be expressed as pity, loss of 

sadness because of a situation or numbness (Jenkins & 

Warren, 2012, Stamm, 2002). According to studies, there is a 

significant relationship between job satisfaction and 

compassion fatigue (DePanfilis, (2006), Grant et al., 2019, Li 

et al., 2014, Slatten et al., 2011, Yang & Kim, 2016). The most 

common studies on compassion fatigue are those of healthcare 

workers. 

 Aviation is an industry where billions of people use 

terminals to fly from one place to another. It is necessary to 

consider aviation not only in terms of flight services, but also 

within the scope of ground services. There is a broad spectral 

division of labor, such as welcoming passengers at terminals, 

boarding card and suitcase delivery, electronic guidance 

systems, boarding and apron transportation services, cleaning 

and operation. In addition, the management of airport 

personnel becomes more complex when additional services 

provided to disabled or elderly passengers are included. The 

daily population of most terminals can exceed the population 

of a city. The daily problems faced by the employees who 
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serve such a vast crowd of people, the endless demands of the 

passengers and the perfectionist attitudes of their managers can 

affect the lives of these employees. 

 Job dissatisfaction and compassion fatigue can cause 

exhaustion in aviation workers. This can lead to a decrease in 

the work's quality and an increase in the rate of work turnover. 

Ignoring people who ask for help in any matter or adopting 

inappropriate behavior patterns to avoid them. 

 In this research, it is aimed to compare the job satisfaction 

and compassion fatigue among airport employees. Although it 

is possible to find studies in the literature on job satisfaction, 

there is no research on compassion fatigue in aviation. 

Therefore, it is important to determine the relationship 

between compassion fatigue and job satisfaction in aviation, 

which is one of the most important sectors on a global scale. 

 

2. Job Satisfaction 
 

 Job satisfaction refers to the complex attitudes and feelings 

of employees towards their jobs. It is an emotional 

phenomenon that gives employees the value, ownership and 

satisfaction they give to their jobs (Thiagaraj & Thangaswamy, 

2017). Job satisfaction can be expressed as the emotional 

happiness between the expectations and the result (Cranny et 

al., 1992). 

 Job satisfaction is associated with specific job factors, 

personal characteristics, and group relationships. According to 

the research, these three factors are closely related to each 

other in terms of job satisfaction. In addition, job satisfaction 

includes issues related to employee expectations (Mishra, 

2013). 

 When the theoretical studies on job satisfaction are 

examined, Vroom's study in 1964 contains very important 

results. Staff turnover, accident, absenteeism and job 

performance studies drew attention as variables in Vroom's 

research on job satisfaction. 

 Within the hedonistic approach, it is necessary for the 

employees to take pleasure from their work. The satisfaction 

created by the perception of pleasure is in harmony with the 

realization of wishes (Davis, 1982). 

 Researchers approaching job satisfaction from the reward 

and punishment parabola (Condon & DeSteno, 2011) focused 

on utility. If benefit is got after a job, satisfaction can occur in 

the reward parabola. On the other hand, the punishment 

approach is a factor that negatively affects job satisfaction. 

Here, reward and punishment are used as reinforcements.

  Many studies have been conducted on the relationship 

between job satisfaction and income. In addition, there are 

studies stating that there is an important relationship between 

job satisfaction and the physical characteristics of the working 

environment and ergonomics (Habibi et al. 2008, May et al., 

1997). 

 The common aspect of research on various occupational 

groups is that insufficient wages affect job satisfaction 

negatively (Abdulla, 2009, Carlan, 2007, Chimanikire et al., 

2007, Guis, 2014, Harrington et al., 2001, Martin & Schinke, 

1998, Ololube, 2006, Papanastasiou & Zembylas, 2005, 

Schweitzer et al., 2013). The common aspect of research on 

job satisfaction in the aviation industry is like the results in 

other industries (Nahar et al., 2017, Jou et al., 2013, Blyton et 

al., 2001). It is stated that wage inequality matters in job 

satisfaction. 

 In 1943, Abraham Maslow developed a five-stage 

hierarchy of needs theory similar to the creation of man. In the 

historical process, the need pyramid has been used in many 

researches and theses. The logic of this theory is that unless 

simple needs are met, people cannot move on to the next level. 

As human needs are met, the next step can be taken. Maslow 

expressed a five-stage category of needs. The first group 

includes the physical needs of people. It is not possible for the 

individual who cannot meet his physiological needs, such as 

eating and drinking, to pass to the second part. Physiological 

needs are essential elements for human survival. The second 

step is security. A person who can satisfy his basic needs seeks 

an environment where he can protect himself against external 

dangers. The third level is social needs. Within the scope of 

social needs, people emphasize the feelings of love and 

belonging. Status needs are at the fourth level. People may 

need a status in society. After long efforts, professionalism is 

adopted to gain status and value. As an outcome of these 

professional occupations, earning income or benefits begins. 

The last step is the realization phase. A person who meets the 

needs of the lower level reaches the ideal individual. The stage 

of reaching prestige in one's ideals can be expressed as 

realization (Fallatah & Syed, 2018, Shahrawat & Shahrawat, 

2017). 

 Clayton Alderfer, in his in-depth analysis of Maslow's 

empirical research, argued that the components centered on 

three basic human needs. These are existence, relatedness, and 

growth needs. Alferder's ERG theory was created with the 

initials of these needs. A person among these needs can meet 

over one need at the same time (Alderfer, 1969). Therefore, he 

avoided talking about a hierarchy in the order of needs 

(Caulton, 2012, Schneider & Alderfer, 1973). Existence refers 

to physical needs. Elements such as accommodation, security, 

salary, safe working life describe this stage. Building 

relationships with other people and developing feelings of 

respect and belonging refers to the second part. It is considered 

as a need to interact not only with colleagues but also with 

family or social environment. Growth refers to all the needs 

that a person can satisfy by using his abilities and intelligence 

(Botha & Venter, 2016, Poulou & Norwich, 2019, Wanous & 

Zwany, 1977). 

 Fredrick Herzberg conducted empirical research aimed at 

changing hierarchy theory. He calls his argument a theory of 

hygiene, two-factor theory, rather than a hierarchical structure. 

It has been determined that employees have satisfaction and 

dissatisfaction, but removing dissatisfaction in the workplace 

does not lead people to absolute satisfaction (May & Decker, 

1988, Sanjeev & Surya, 2016). This is associated with 

satisfaction. Removal of unsatisfactory elements does not 

reveal job satisfaction among employees. The most important 

factor emerging in this section is the existence of motivation 

factors (Dartey-Baah & Amoako, 2011, Maidani, 1991). 

 David McClelland, in his work published in 1961, 

expressed three important needs that motivate people to be 

successful: the need for achievement, the need for power, and 

the need for relationship. (McClelland, 1961). The most 

important part of the theory is the claim that needs will differ 

according to people's culture, expectations and education 

levels. Therefore, people's needs differ according to their 

perspective on needs. The basis of the approach is that people 

realize their needs by learning and that the need may increase 

according to the severity of the need. The need for 

achievement is an impulse that must be satisfied in order to 

reach the intended goals as soon as possible. For this impulse, 

ability, knowledge, and power must be used. The need for 

power is directly proportional to the masculine development 
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and knowledge capacity. No success is accidental. 

Achievement goals that are not supported by power are also 

difficult to achieve. The last part is the need for relationship. 

Humans are created with a sense of belonging by nature. It is 

important to satisfy needs within social relations. It can be 

easier for people who are in team or group work to achieve 

success. In addition, team organizations also enrich the power 

factor (Harrell & Stahl, 1984, Osemeke & Adegboyega, 2017, 

Royle & Hall, 2012). 

 Reinforcement theory should be evaluated in parallel with 

learning and differential reinforcement theories. According to 

the approach that suggests that behaviors can be developed 

with the help of reinforcers, a different model of the reward 

and punishment relationship has been adopted. A behavior can 

be weakened by negative reinforcement. Positive 

reinforcement can also reinforce behavior. Rewarding 

employees after a behavior and gaining income can be 

expressed as an important motivation. The development of this 

motivation factor also increases the job satisfaction of the 

employees (Viken & McFall, 1994, Villere & Hartman, 1991, 

Wei & Yazdanifard, 2014). 

 Vroom's expectancy theory states that motivation does not 

always result in performance for employees. The main 

backbone of the theory is the attractiveness and utility of the 

result to be got after an action. If the pleasure to be created by 

the result of the individual who will try meets the expectation 

of the person, this action will take place as soon as possible. 

The volume and severity of gain achieved can provide an 

increase in effort. If the threshold value of the gain is below 

the expectation, the person is not expected to exhibit that 

behavior. Thus, the result of an action may cause satisfaction 

or dissatisfaction (Badubi, 2017, Zboja et al., 2020). 

 
3. Compassion Fatigue 
 

 Compassion is an interpersonal process that creates the 

urge to feel and notice the pain of another person and to reveal 

the motivation to help (Dutton et al, 2014). In another 

definition, compassion is the feeling of pity that is frequently 

encountered in relationships where the sense of empathy is 

weak (Wei et. al, 2011). Compassion is one of the human 

characteristics. In the light of the definitions made in the 

literature, compassion is the state of pity, sadness and a desire 

to help a person due to a situation he has experienced. 

Compassion and empathy are two issues that are dealt with on 

the same parallel axis (Welp & Brown, 2014). 

 When the studies are examined, empirical studies on 

compassion are made on the health sector (Bride et al., 2007, 

Coetzee & Klopper, 2010, Yoder, 2010). The common aspect 

of these studies is that the feeling of compassion is negatively 

affected over time, as healthcare professionals encounter 

people in need of help every day. This concept has also found 

a place in the literature as compassion fatigue. Compassion 

fatigue can be expressed as the increase in burnout levels of 

employees over time due to reasons such as worthlessness, 

weariness and dissatisfaction. 

 Compassion fatigue can be explained by mental, 

emotional, social, or physical burnout. Workplace change 

problems of employees who have post-traumatic stress 

disorder after traumatic events in the profession may increase 

their burnout. For example, flash bangs left by an employee 

who has been exposed to violence or an accident that resulted 

in a serious injury can explain mental burnout. Sometimes, 

mental burnout is also a component of an emotional trauma. 

The disrespectful and violent attitudes and behaviors of the 

people who receive the service against the employees trigger 

emotional burnout in the employees. Emotional traumas affect 

the job performance of employees negatively (Devilly et. al, 

2009). It can be stated that employees who feel social 

exclusion are similarly fatigued. Finally, compassion fatigue 

can be observed in employees who experience physical 

burnout because of insufficient sleep, long working hours, and 

lack of exercise (Whitebird et al., 2013).   

 
4. Materials and Methods  
 

 Between February 1st, 2020 and April 01st, 2020, research 

scales and questionnaires were presented to the participants on 

the internet. There are 62 airports suitable for civil air traffic 

operating in Turkey. A survey link was sent to the block e-mail 

addresses of the employees belonging to these airports and on 

the administrative websites, and they were invited to take part. 

In addition, it is aimed to increase the accessibility of the 

survey through social media groups and the mobile phone 

applications of the employees. In order to determine the 

universe of the research, it was not possible to reach the State 

Airports Authority data. For this reason, each participant who 

responded to the research was accepted by the convenience 

sampling method. 653 people responded to the data collection 

tools. 

 The first part of the data collection tools is the 

sociodemographic scale. The Minnesota Job Satisfaction Scale 

used in the second part was developed by Spector (1985) and 

is a two-dimensional, 5-point Likert-type scale comprising 20 

questions in total. Internal satisfaction and external satisfaction 

make up the dimensions of the scale. Scores to be got because 

of the scale provide information about job satisfaction. In the 

last part of the study, the compassion fatigue scale developed 

by Pommier (2020) was used. This scale is a 7-point Likert 

type scale and comprises 24 items and six sub-dimensions. The 

sub-dimensions of the scale are kindness, indifference, 

common humanity, separation, mindfulness, and 

disengagement. According to the mean of the scale, it can be 

stated that as the total scores increase, the level of compassion 

also increases. 

 Cronbach's Alpha and confirmatory factor analysis were 

performed in order to test the structural validity of the 

measurement tools. In terms of alpha values, the job 

satisfaction scale was .0819 (81.9%) and the compassion 

fatigue scale was .0763 (76.3%). When examined in terms of 

Skewness and Kurtosis, it was understood that the sample 

showed a normal distribution. 

 The obtained data was analyzed by t test, one-way Anova 

test, Levene and regression tests using SPSS (version 20) 

package program; 

 

H1a: Job satisfaction differs according to gender. 

H1b: Compassion fatigue differs according to gender. 

H2a: Job satisfaction differs according to marital status. 

H2b: Compassion fatigue differs according to marital status. 

H3a: Job satisfaction differs according to education level. 

H3b: Compassion fatigue differs according to education level. 

H4a: Job satisfaction differs according to age. 

H4b: Compassion fatigue differs according to age. 

H5a: Job satisfaction differs according to the task. 

H5b: Compassion fatigue differs according to task. 

H6a: Job satisfaction differs according to the financial 

situation. 
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H6b: Compassion fatigue differs according to the financial 

situation. 

H7: Compassion fatigue affects job satisfaction positively. 

 

Figure 1. Research model 

5. Result and Discussion 
 

 653 people working at airports were included in the study. 

The youngest of the participants in the study is 25 years old, 

and the oldest is 57 years old. 

 

 

Table 1. Sociodemographics 
Education  n % Marital Status n % 

High School 197 30.1 Married 355 54.3 

Vocational School 154 23.5 Single 298 45.7 

University 217 33.2    

+Graduates 85 13.2    

Age n % Gender n % 

18-30 years 223 34.1 Female  374 57.2 

31-40 years 295 45.1 Male 279 42.8 

+41 years 135 20.8    

Status n % Income n % 

Handling services 203 31 Excellent 176 26.9 

Air traffic control 73 11.1 Good 154 23.5 

Electronic services 48 7.3 Not bad 122 18.6 

Slot coordination 86 13.1 Bad 78 11.9 

Security 243 37.5 Very bad 123 19.1 

      

Total 653 100.0 Total 653 100.0 

The education level of the participants in the research is high. 

57.2% of the sample are women, nearly half (45.1%) are 

between the ages of 31-40 and half (54.3%) are married. 31% 

of the employees work in handling services including 

passenger handling, operations, ramp and freight, passenger 

service, ticket sales and de-icing services and 37.5% in 

security services. 50.4% find the salary they receive 

satisfactory, and 18.6% find it relatively satisfactory. 

 

 

Table 2. T-test results of sociodemographic variables and scale averages  

Gender n Mean StD df t p Levene 

Job Satisfaction 
Female 374 3.76 0.12 

653 4.226 .000 .126 
Male 279 3.04 0.23 

Compassion Fatigue 
Female 374 3.17 0.17 

653 4.645 .000 .153 
Male 279 3.89 0.12 

Marital Status        

Job Satisfactin 
Married 374 3.57 0.11 

653 4.945 .000 .192 
Single 279 2.87 0.15 

Compassion Fatigue 
Married 374 3.03 0.18 

653 4.284 .000 .128 
Single 279 3.68 0.21 

 In scale averages, it can be stated that women have higher 

job satisfaction scores than men (3.76±0.12). It is noteworthy 

that men have a much higher score than the mean of the 

compassion fatigue scale (3.89±0.12). 

 After the t test analysis, it is understood from the Levene 

test results that the variances between the groups are equally 

distributed (p>0.05). According to Table 2, job satisfaction 

and compassion fatigue were compared with gender and 

marital status. According to the t-test results, a statistical 

difference was found between gender and job satisfaction 

[t(653)=4.226, p<0.01)] and compassion fatigue 

[t(653)=4.645, p<0.01)]. 

 In this context, it can be stated that the hypotheses "H1a: 

Job satisfaction differs according to gender" and "H1b: 
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Compassion fatigue differs according to gender" are 

confirmed. 

 For marital status, within scale averages, the high 

satisfaction rate of married people in terms of job satisfaction 

(3.57±0.11) is remarkable. In terms of compassion fatigue 

(3.68±0.21), it is seen that singles achieve higher scores. 

 A statistical difference was found between marital status 

and job satisfaction [t(653)=4.945, p<0.01)] and compassion 

fatigue [t(653)=4.284, p<0.01)]. 

 In this context, “H2a: Job satisfaction differs according to 

marital status.” and “H2b: Compassion fatigue differs 

according to marital status.” hypotheses can be confirmed.  

 

Table 3. One Way Anova test results 

Education n F p Levene 

Job Satisfaction 

High School 197 

3.834 .000 1.912 
College 154 

University 217 

+Graduate 85 

Compassion 

Fatigue 

High School 197 

3.643 .000 1.843 
College 154 

University 217 

+Graduate 85 

Age     

Job Satisfaction 

18-30 years 223 

3.854 .000 1.945 31-40 years 295 

+41 years 135 

Compassion 

Fatigue 

18-30 years 223 

3.532 .000 1.853 31-40 years 295 

+41 years 135 

Task     

Job Satisfaction 

Handling services 203 

3.924 .000 2.053 

Air traffic control 73 

Electronic services 48 

Slot coordination 86 

Security 243 

Compassion 

Fatigue 

Handling services 203 

3.484 .000 1.553 

Air traffic control 73 

Electronic services 48 

Slot coordination 86 

Security 243 

Income     

Job Satisfaction  

Excellent 176 

4.642 .000 2.347 

Good 154 

Not bad 122 

Bad 78 

Very bad 123 

Compassion 

Fatigue 

Excellent 176 

3.805 

 

.000 

 

1.806 

Good 154 

Not bad 122 

Bad 78 

Very bad 123 

 As seen in Table 3, it is understood from the Levene test 

results that the variances between the groups were equally 

distributed after the One Way Anova test analysis (p>0.05). A 

statistical difference was found between education, age, duty 

and financial situation, job satisfaction and compassion fatigue 

(p<0.01). In this context, "H3a: Job satisfaction differs 

according to educational status.", "H3b: Compassion fatigue 

differs according to educational status.", "H4a: Job satisfaction 

varies according to age.", "H4b: Compassion fatigue differs 

according to age.”, “H5a: Job satisfaction differs according to 

the task.”, “H5b: Compassion fatigue differs according to the 

task.”, “H6a: Job satisfaction differs according to financial 

situation.”, “H6b: Compassion fatigue differs according to 

financial situation. ” hypotheses can be confirmed. When the 

Tukey HSD test was used to find the direction of the 

difference, there were differences for both scale variables of 

learning. Accordingly, employees with a master's degree or 

higher have a very low level of satisfaction. When compared 

with age, it was shown that the job satisfaction of those 

younger than 30 years old was not sufficiently satisfied, and 

similarly, the compassion fatigue of this age group was 

different. When job satisfaction is examined by occupational 

status in airports, it is seen that air traffic control officers are 

highly satisfied, while handling services employees provide 

the highest score in compassion fatigue. As income increased, 

job satisfaction increased and compassion fatigue decreased.
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 The relationship between compassion fatigue and job 

satisfaction was examined with the help of correlation 

analysis. According to the correlation analysis, (r= -0.822, 

p<0.01) value was got. It can be stated that as the intensity of 

compassion decreases, job satisfaction increases. It can be said 

that the hypothesis "H7: Compassion fatigue affects job 

satisfaction positively" is rejected. 

 

Table 4. Regression Analysis of Job Satisfaction and 

Compassion Fatigue 
 

B P R2 
Cor 

R2 
F Sig. F 

Kindness 1.421 .000 .372 .370 141.271 0.000 

Indifference .742 

Common 

humanity 
1.441 

Separation .953 

Mindfulness 1.558 

Disengagement 1.041 

 

  According to the results of the regression analysis 

between job satisfaction and compassion fatigue (Table 4), job 

satisfaction has a statistically significant explanatory effect on 

compassion fatigue. Life satisfaction explains 37% of 

compassion fatigue. 

 According to the findings, the status of the hypotheses is 

given in Table 5. It is seen that only the H7 hypothesis was 

rejected and the rest were accepted.  

 

Table 5. Hypothesis table 
Hypothesis Accept/Reject 

H1a: Job satisfaction differs according to 

gender. 

Accept 

H1b: Compassion fatigue differs according 

to gender. 

Accept 

H2a: Job satisfaction differs according to 

marital status. 

Accept 

H2b: Compassion fatigue differs according 

to marital status. 

Accept 

H3a: Job satisfaction differs according to 

education level. 

Accept 

H3b: Compassion fatigue differs according 

to education level. 

Accept 

H4a: Job satisfaction differs according to 

age. 

Accept 

H4b: Compassion fatigue differs according 

to age. 

Accept 

H5a: Job satisfaction differs according to the 

task. 

Accept 

H5b: Compassion fatigue differs according 

to task. 

Accept 

H6a: Job satisfaction differs according to the 

financial situation. 

Accept 

H6b: Compassion fatigue differs according 

to the financial situation. 

Accept 

H7: Compassion fatigue affects job 

satisfaction positively. 

Reject 

 
 According to Vroom (1964), there is a negative 

relationship between job satisfaction and turnover and 

absenteeism. On the other hand, presenteeism is also 

negatively associated with job satisfaction (Côté et al., 2021). 

 Compassion fatigue can be used in almost all areas of the 

service sector, although it has found more work in the health 

sector. In industries that are in constant contact with people, 

data on compassion fatigue may be more accurate (Waytz, 

2016).   

 Job satisfaction is directly related to wage (Freund, 2005), 

value of experience (Saber, 2013), physical environment and 

ergonomics (Ishaque & Shahzad, 2016, Shobe, 2018, Waqas 

et al., 2014), job insecurity (Sang et al., 2009) personal and job 

characteristics (Gazioglu & Tansel, 2006), promotion 

opportunities (Pandey & Asthana, 2017), personality 

(Furnham et. al., 2002) and job stress (Linn et al., 1985, 

Voltmer et. al, 2012).  

 According to the results of the study on organizational 

culture and job satisfaction conducted with 228 people in 

Jordanian private aviation companies, it has been revealed that 

there is a positive and significant relationship between 

organizational culture and job satisfaction. Some stated that 

there is a negative relationship between the market, 

bureaucracy, and hierarchy of the personnel working in airline 

companies and job satisfaction (Rawashdeh et al., 2015).

  

 In the study on job satisfaction of US Airforce Officers 

(Sullivan, 1998), it was revealed that pension raises for senior 

officers were only 15% effective. According to our study, it 

has been revealed that the effect of salary raises and bonuses 

on young aviators reduces the intention to leave the job. It has 

been stated that salary matters in job satisfaction for younger 

aviators, even though it is not very meaningful for senior 

aviators in this study. 

 In the study conducted with 122 people working as air 

traffic controllers within the Pakistan Civil Aviation 

Authority, it was stated that the participants had a top level of 

job satisfaction (Iqbal, 2012). In another study, which is a 

continuation of the studies in the same unit, it is noteworthy 

that one of the most important factors reducing job satisfaction 

of air traffic controllers is job stress (Iqbal & Waseem, 2012). 

 According to another study conducted in Thailand, it was 

stated that the job satisfaction levels of the employees who are 

at the forefront of the aviation industry in contact with 

customers are much lower than the other employees 

(Krongboonying & Lin, 2015). 

 Mehta (2019) conducted a job satisfaction study with 300 

people working in civil aviation businesses in India, and a 

significant relationship was found between gender, marital 

status, job profile, shift and experience, and job satisfaction. 

 In another study on personality traits and job satisfaction 

of aviators, 60 personnel working in a private aviation 

company were included in the study. Extroversion was found 

to be more determinant in job satisfaction than other 

personality traits. In this context, it was stated that extroverted 

employees achieved higher scores in job satisfaction (Mansour 

et al, 2021). 

 In studies on job satisfaction, it is stated that the quality of 

the job also affects the level of satisfaction (Gazioglu & 

Tansel, 2006). In this context, in the research conducted on 704 

South African aircraft pilots, it was determined that the region 

to be flown, the content of the flight task, and the license 

type(s) for the command in flight caused a change in job 

satisfaction (Hoole & Vermeulen, 2003). 

 According to the results, job satisfaction of women was 

measured higher than that of men. In contrast, men have higher 

compassion fatigue than women. In this context, it can be 

stated that compassion fatigue among the genders affects job 

satisfaction negatively. When the same comparison is 

evaluated in terms of the marital status of the employees, it is 

seen that the job satisfaction of the married personnel is higher. 

It is noteworthy that the job satisfaction of single employees is 

very low. In this context, it is evaluated that the responsibilities 
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and habits of married employees towards their families have a 

positive reflection on job satisfaction. On the other hand, it can 

be stated that the satisfaction levels of single employees are 

low for various reasons and they have a greater potential for 

job turnover compared to married employees. 

 The level of job satisfaction varies according to educational 

status, age, income, and job status. It has been observed that 

individuals with high education levels have low job 

satisfaction levels. In this context, it can be stated that the level 

of dissatisfaction occurs in the employees due to the difference 

between the education received and the characteristic or 

income of the job. On the other hand, it is important to increase 

job satisfaction as age increases. Junior employees are less 

afraid of losing their current position because they believe they 

can easily find another job. A better career prospect is an 

important variable that affects the satisfaction of young 

employees. On the other hand, it is considered that the job 

satisfaction of former employees is high due to reasons such 

as professional maturity and the necessity to find a job again. 

The job satisfaction level of air navigation workers is higher 

than the others. This situation can be explained in two ways. 

Employees have less contact with people in the air control 

tower. Therefore, psychological attrition levels may be low. 

The salary received is much higher than for their peers 

working in other fields. On the other hand, it is thought that 

the most important factor reducing job satisfaction of air 

navigation officers is job stress. When evaluated in parallel 

with motivation theories, it can be accepted that wage issue is 

an important hygiene factor. According to the results of this 

research, the level of job satisfaction increased as the income 

increased. For this reason, the satisfactory income of 

employees by adhering to economic policies also increases the 

level of job satisfaction. 

 When the level of education, age, income and job status are 

analyzed with compassion fatigue, it is noteworthy that 

compassion decreases as the education level increases. The 

most important issue to be investigated in this section is what 

the training received is. The roles of those who are trained to 

do this job, such as aviation, communication and business, and 

graduates from other departments in the aviation sector should 

be compared. It is considered that interesting results can be 

obtained in future research on this subject. 

 The direction of the difference in compassion fatigue 

according to the age variable is remarkable. As age progresses, 

the level of compassion fatigue also increases. This may be 

closely related to burnout. Addressing compassion fatigue in 

terms of exhaustion in future studies may provide important 

results. 

 When the income status with compassion fatigue is 

examined, the fatigue level of the employees who describe 

their income status as insufficient is higher. On the other hand, 

when the task situation is considered, it is understood that the 

compassion fatigue of the employees who are in the front line 

to serve people is high. This result is in line with the job 

satisfaction results of the Krongboonying & Lin (2015) study. 

 Another important result got from the study is the organic 

link between compassion fatigue and job satisfaction. 

Increasing compassion fatigue negatively affects job 

satisfaction. Adoption of policies that will reduce the level of 

fatigue in order to reduce the personnel turnover rate in the 

enterprises will increase job satisfaction. 

 

 

 

6. Conclusion  
 

 The aviation industry comprises thousands of businesses 

aiming to survive in a globally competitive environment. 

Besides flight services, ground and passenger services are of 

great importance in the sector. Human capital is the industry's 

most valuable resource. The endless demands of passengers, 

who have high expectations in the triangle of safety, quality 

and comfort, are the biggest cause of fatigue for airport 

employees. 

 One of the biggest costs in the aviation industry is the 

spent-on education. Employees who successfully complete the 

courses designed and certified under international criteria 

work in a way that does not allow mistakes. Turnover is just 

like chaos for the aviation industry because life at the airport 

continues twenty-four hours a day. Moreover, passengers 

expect service regardless of whether the employees are new or 

experienced. In addition, aviation services continue, assuming 

that the people who provide air control and ground services 

know their job and are qualified. Unfortunately, the 

replacement of lost personnel in the aviation industry requires 

endless processes. 

 According to the results of this study, job satisfaction and 

compassion fatigue of female employees differ from males. 

Women's job satisfaction levels are higher than men's. In 

addition, men's compassion fatigue level is also higher than 

women's. In this context, it can be stated that women are more 

dedicated in terms of airport employees. On the other hand, the 

situation of male employees regarding job satisfaction needs 

to be reconsidered. In connection with this result, the level of 

compassion fatigue among male employees with low job 

satisfaction is high. Considering the correlation between these 

two variables, it is evaluated that increasing job satisfaction 

can reduce compassion fatigue. 

 The selection of the personnel to be assigned in the airport 

operations is important. In order not to experience a process 

that may cause frustration, it is vital to select the appropriate 

personnel for the appropriate job. According to the results of 

this research, the satisfaction levels of single, young and highly 

educated employees are low in aviation ground handling 

services. On the other hand, it should be noted that the 

satisfaction level of air control officers is above the average. 

In this context, it can be stated that employees who are in direct 

contact with passengers have low job satisfaction and high 

compassion fatigue. Within the scope of this result, the 

situation of the personnel who are in contact with people in the 

airport operations should be closely surveyed. Supporting the 

personnel with the help of supervisors, reducing working 

hours, arranging their shifts, making promotions and salary 

arrangements, and giving priority to motivation-enhancing 

activities can also increase performance and quality. 

 This research was carried out at 62 airports operated in 

Turkey. All the participants work in ground services. In order 

to better understand the job satisfaction and compassion 

fatigue of aviation professionals, it is recommended that flight 

crew may be included in future studies. Revealing the 

similarities and differences between ground personnel and 

flight crew in terms of job satisfaction and compassion fatigue 

may be a suggestion for future studies. 
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1. Introduction                                              

Studies analysing and revealing the positive or negative 

effects of changing and developing new technologies are 

increasing day by day (Chiappetta, 2017). Developing 

technology and increase in knowledge cause changes in the 

business life of employees. Recent studies emphasize that 

employees are under the influence of technology-based 

information, and this creates an overload of information and 

work stress on employees (Kaymaz, 2019). This type of stress 

originating from developing technology is examined under the 

concept of technostress as a new phenomenon (Norulkamar et 

al., 2009). TS (Technostress), a phenomenon that emerged 

with the integration of computer and artificial intelligence 

technologies into working life, was defined by the first 

psychologist Dr. Craig Brod (1984) as 'the inability to cope 

with new computer technologies as a modern disease of our 

age and the failure to adapt to these new technologies'. 

According to different researchers, technostress is a 

psychological expression and the mental and physiological 

arousal due to technology (Arnetz & Wiholm, 1997), the 

negative impact on the thoughts, behaviors, attitudes and body 

of the employee who is expected to cope with technology 

(Weil & Rosen, 1997), It is defined as the difficulty of adapting 

to new technologies (Brand, 2000). Researchers are focusing 

more and more on the effects of technostress, especially on 

employee behaviors and organizations, over concepts and 

variables. Although technology strengthens businesses with 

greater productivity, efficiency in the workplace, improved 

communication, improved mobility and HR (Human 

Resources), negative consequences that can be considered 

important for both employers and employees may arise from 

the use of this technology (Boyer-Davis, 2018). 

The aviation sector is one of the sectors where technology 

develops most rapidly and its applications have a wide impact 

(Alam, 2016). The advancement of technologies used in an 

aircraft is a serious stress factor on both pilots and technical 

personnel. The decisions to be made by the technical personnel 

in case of aircraft maintenance and breakdowns affect the 

entire flight operation in particularly and the aviation industry 

in general. Several leading companies in high-tech industries 

have begun to reorganize their procedures, approaches to 

work, and decision support systems using training methods 

derived from decision analysis. The aviation industry and 

airlines are supporting related programs to improve decision-

making and raise situational awareness about the impact of the 

decision (Zsambok, 2014). These programs are especially 

based on regulating the decision-making styles of the 

employees and determining which factors affect the decision-

making styles of the employees. In this process, especially 
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employees have to cope with intense tension and stress. 

Therefore, it can be said that the decision-making behaviors of 

the employees have become more important than ever 

(Çolakkadıoğlu & Güçray, 2007).  

According to (Sverke & Hellgren, 2002), job insecurity is 

considered a classical job stressor that theoretically operates 

with two basic mechanisms. The first mechanism is that the 

need for security is a fundamental motivation to work. The 

second mechanism is based on the idea that the relationship 

between employer and employee is partially social. Major 

organizational changes, such as layoffs, pay cuts, or other 

threats to job security, provoke negative reactions because they 

violate an employee's psychological contract against the 

organization. In this case, the perception of job insecurity is 

seen as a job stressor for employees and its connection with 

technological stress is revealed. Employee engagement and 

lack of job satisfaction affect employee turnover intention and 

employee turnover rate (Appelbaum et al., 2013). Employees 

who have more decision-making and decision-making 

opportunities experience less negative consequences of job 

insecurity than employees who have less decision-making 

opportunities. For this reason, it is thought that employees' 

decision-making behaviors and especially their decision-

making styles are associated with job insecurity (Probst, 

2005). 

Considering the statements before mentioned, it is seen that 

technological stress is an important factor in the aviation 

industry. In this research, it has been a matter of curiosity how 

the dimensions of technological stress have a behavioral effect 

in the aviation sector and how it causes a change, particularly 

for employees at the decision stage. In previous studies, the 

effects of stress on decision-making styles were analysed in 

different sectors. The aim here is to determine how 

technology-based stress will affect employees' decision-

making styles. Its application in the aviation industry, where 

technology is intensively high, is also suitable for the 

investigation of the technological stress factor. Observations 

and investigations confirm that technology is a stress factor in 

the aviation industry. At the same time, technological 

developments affect the decisions of the personnel working in 

aircraft maintenance, and the decisions of the employees 

directly affect the costs and flight safety. The question of how 

the perception of job insecurity, which is an important concept 

in the aviation industry, plays a regulatory role between these 

two variables will also be revealed. In addition, the questions 

of whether technological stress causes a certain effect on 

decision-making styles and whether its results are 

differentiated according to decision-making styles can be 

answered. 

2. Conceptual Framework 

2.1. Technostress 
It is possible to talk about many types of stress and many 

parameters, mechanisms and environments that trigger it. In 

management studies, the concept of stress is quite old and is 

explained under different theoretical assumptions. 

Administrative stress; for a phenomenon that occurs in the 

person's environment and is perceived as a demand that must 

be made by the person, is an environmental factor that emerges 

as a result of the experience of the difference between the 

individual's demanded wills and the skills and resources 

required to meet it (McGrath, 1976). At the organizational 

level, job stress is based on the stressor-strain approach. Any 

feature related to work, working life, the nature of the job or 

new technology is known as stress or situations that cause 

stress, and the physiological or psychological response to this 

stress is defined as tension (Hurrel et al., 1998). All approaches 

are generally based on a transitional approach, which defines 

stress as a dynamic process between stress and the individual 

and his/her environment. 

Information and communication technologies have 

changed the functioning of global work environments in 

particular. In addition, the digital revolution has permanently 

shaped the nature and future of many jobs and professions. 

Although technology empowers organizations with greater 

productivity, productivity in the workplace, improved 

communication and improved mobility, significant negative 

consequences may arise from the use of this technology for 

both employers and employees (Boyer-Davis, 2018). 

Therefore; studies are carried out to understand and isolate the 

effects of information and communication technologies on 

business employees and managers. As a result of these studies, 

a phenomenon called 'Technostress' was discovered and 

people's relations with this phenomenon began to be 

researched (Boyer-Davis, 2018). 

In the organizational sense, technostress is the stress 

situation that arises due to the use of technological information 

systems in organizational tasks, and they attributed the reason 

to modern technological information systems (Ayyagari et al., 

2011). When stress related to the workplace is considered, 

technostress is defined as a negative psychological state 

related to the use of information systems in the workplace and 

the use of more advanced systems in future, and thus; this can 

result in anxiety, mental fatigue, skepticism and inefficiency 

(Salanova et al., 2007). When business and working 

environments are examined in general, according to (Ragu-

Nathan & Tarafdar, 2008), it has three main characteristics as 

a technological and working environment. First one is the 

increasing and enormous dependence of managers on 

information technology (personal computers, production 

applications, interfaces, etc.), second is the difference in 

employee-manager knowledge level caused by the increasing 

complexity of information technologies and third is modern 

information technologies changing the working climate and 

organizational culture as well. 

Similar to stress in general, but specifically, the key 

dimensions of technostress are techno-insecurity, techno-

uncertainty, techno-overload, techno-invasion and techno-

complexity. Technostress creators (stress situations resulting 

from the use of high information technologies) can be 

expressed in accordance with the theory as stress situations 

(expressing emerging situations) and technostress preventers 

(mitigating situations). Technostress can occur in many 

situations which are high levels of role stress, low job 

satisfaction, organizational commitment, productivity and 

satisfaction of end users from information systems (Tarafdar 

et al., 2015). However, recent research has shown that when 

employees are trained to reframe their stress perceptions from 

negative to positive, significant improvements in their job 

performance and health have been observed (Crum et al., 

2013). 

When the studies with technostress are examined, it is seen 

that the personality traits of the employees, their performance, 

their productivity, organizational commitment, types of 

leadership, organizational citizenship, psychological results, 

intention to leave, feeling good, organizational support, 

cultural difference, job character and job insecurity, job 
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satisfaction, productivity, innovation, organizational 

environment, and its effects were examined (Salanova et al., 

2007; Akhtari et al., 2013; Ayyagari et al., 2011; Tarafdar et 

al., 2015; Srivastana et al., 2015). This research, on the other 

hand, saw a gap in the field and was designed to understand 

how it affects the decision-making styles of employees. The 

research was designed both to fill a gap in the literature and to 

analyse the relationship between technostress and decision-

making styles, and to see the effect on the decision styles of 

aviation maintenance personnel working with high technology 

in the sector. 

2.2. Decision-Making Styles 
Decision-making is the process of choosing among the 

solution alternatives in order to reach the most suitable result 

for the specified situation, after obtaining information about 

the existing alternatives (Chatoupis, 2007). Psychological 

effects, stress and other irrational internal events affect human 

decision-making. Especially the role of emotions in decision-

making is very important (Leykin & DeBrubeis, 2010). 

According to (BarOn, 2007), decision-making can be defined 

as the setting of goals in order to meet any need, generate 

possible options, and make the most appropriate choice among 

alternatives. 

When it comes to human performance, abilities can 

partially explain interpersonal differences. However, styles are 

just as effective on people's performance as abilities. DMS 

(Decision-Making Styles) have been equated with cognitive 

style in many studies. Cognitive (intellectual) style determines 

the speed of the decision maker's processing and interpretation 

of information (Hayes & Allinson, 1998). 

When decision behavior is examined based on decision 

theory, more than one sub-behavior style and style that affects 

this type of behavior is detected. One of the sub-dimensions of 

decision behavior, the factor that most influences behavior is 

decision-making styles. In particular, decision-making styles 

take the first place in the list of factors that have the most 

impact on the risk perceptions of individuals who make 

decisions (Yaşar, 2016). The decision-making style can be 

expressed as the reactionary approach of individuals to a 

phenomenon in a decision-making process (Ercengiz, 2019). 

Decision-making style has been defined as a characteristic 

pattern in individuals' interpretation and response to decision-

making tasks. With the help of decision-making styles, it can 

be understood why a person uses such different decision 

processes when facing seemingly similar situations (Baiocco 

et al., 2009). 

Scott and Bruce (1995) drew attention to many internal 

characteristics and individual differences in the factors 

affecting the decision in their studies on decision-making 

styles and decision-making of individuals. Decision-making 

by people in managerial positions is an important part of 

organizational behavior. However, the decision-making styles 

of managers and the decisions they make are mostly affected 

by their perceptions and emotions (Nowzari, 2015). Decision-

making styles is defined as 'learned habitual response patterns 

exhibited by an individual when faced with a decision 

situation'. This is not a personality trait, but a tendency based 

on the habit of reacting in a certain way in the context of a 

certain decision (Orosova & Bavolar, 2015). 

Five decision-making styles were defined as a result of a 

project based on four different populations and explained in 

behavioral terms (Scott & Bruce, 1995); 

• Rational DMS: attributed to the use of reasoning and 

logical approaches in decision-making; 

• Intuitive DMS: Defined based on hunches, instinctive 

experience, and hormonal feelings; 

• Dependent DMS: It is characterized by waiting for 

support from others before making a decision and turning to 

different decision-facilitating tools; 

• Avoidant DMS: Defined by withdrawing, postponing, 

withdrawing and negating decision scenarios; 

• Instant DMS: Characterized by quick, heartfelt and 

impulsive decision-making. The research was designed to 

reveal the effects and changes of the dimensions of 

technostress on these five decision-making styles. 

2.3. Perception of Job Insecurity 
The concept of J.I. (job insecurity), which has become 

much more effective than its conceptual importance in the 

2000s, has now emerged as ian important problem in the macro 

plans of countries. For example, in a recent policy document 

published by the European Union in 2013, job security is 

defined as a 'basic psychological hazard'. The reasons for this 

are stated as economic problems, globalization and increasing 

competition in the future (Schaufeli, 2016). When analysing 

the respective literature, many different definitions of job 

insecurity are encountered. It has been defined by Shoss as 'a 

perceived threat to the continuity and stability of employment' 

(Shoss, 2017). In this context, the concept of job insecurity can 

be considered as two types. Quantitative job insecurity refers 

to perceived threats to the job as a whole, while qualitative job 

insecurity refers to perceived threats to job characteristics 

(deteriorating working conditions, lack of career opportunities 

and reduced salary development, etc.) (Hellgren et al., 1999). 

In another definition, job insecurity refers to an employee's 

anxiety about losing their current job or about losing an 

existing feature of the job (Greenhalgh & Rosenblatt, 1984). 

Job insecurity can be defined as the anxiety of the employee 

about how long he can stay in his current job in the future and 

the level of continuity he perceives in his job (Lam et al., 

2015). Looking at the other phases of job insecurity, the 

following situations are thought to be a trigger  (Roskies & 

Louis-Guerin, 1990); 

• Termination of Employee's Expectations • Early 

Retirement Status • Decreased Position • Worsening in 

Working Conditions 

The elements of job insecurity are the uncertainty of the 

future of the job, the perception of threat and anxiety due to 

the change of working conditions and the business, and the 

reasons can be specified as personal characteristics, 

organizational factors, economic and legal reasons (Orçanlı et 

al., 2019). 

Job insecurity, which is a source of work-related stress, not 

only causes negative attitudes of employees towards their 

work and the organizations they work for, but also negatively 

affects the individual and corporate job performance of 

employees and can harm the physical and mental health of 

employees. At the same time, job insecurity plays a role in 

reducing job satisfaction of employees, increasing the 

intention to leave (Ouyang et al., 2015) and creating a threat to 

the macro economy (Orçanlı et al., 2019). 

2.4. The Relationship Between Technostress and 
Decision-Making Styles 

The importance of making decisions in risky situations 

under high and developing technology is increasing day by 
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day. Defining and managing the stress on the flight crew and 

technical personnel, especially in the aviation industry, is an 

important component in terms of flight safety. In airline 

companies, the stressful situations of people working as flight 

crew and technical personnel also affect other crew members. 

The underlying assumption is that stress can lead to errors, 

poor performance, and poor decisions. At this point, 

determining what kind of stress the employees are affected by 

will help with the coping techniques. The effects of stressors 

have a great impact on the decisions to be made in general for 

errors and performance. 

In the book named 'Decision-Making Under Stress 

Emerging Themes and Applications', which examines 

decision-making and stress and stress factors in general and 

focuses specifically on the aviation industry, psychological 

theories on the decision-making and decision situations of 

aviation workers in technological conditions, time pressure 

and risky situations are revealed. The book, which consists of 

twenty-nine chapters, focuses on stress factors and provides 

information on what types of stressors are affected by 

decision-makers and how they can cope. The book presents a 

wide variety of perspectives and applications from many 

sectors such as aviation, industry, military and emergency 

services. It is a fundamental scientific publication for the 

development of technological stress and its effects on 

employees in the aviation industry (Flin et al., 1997).  

In the study named 'The Relationships Among Coping with 

Stress, Life Satisfaction, Decision-Making Styles and 

Decision-Making Styles and Decision Self-Esteem: A study 

with Turkish University Students', the complex relationships of 

stress, life satisfaction, decision-making styles and self-

confidence in decision variables were examined. As a result of 

the study conducted with 492 university students, it was 

revealed that stress and coping techniques are related to all 

decision-making styles (Deniz, 2006). 

In a qualitative study called 'Decision-Making Styles and 

Physiological Correlates of Negative Stress: Is There A 

Relation?' conducted with military officials and employees, 

the relationship between Scout and Bruce's five general 

decision-making styles and negative stress was identified. As 

a result of the study, it was observed that negative stress was 

significantly associated with avoidant decision-making style 

(Thunholm, 2008). 

In a quantitative study called 'Decision‐Making Styles, 

Stress and Gender Among Investigators' among police 

officers, the relationship between the decision-making styles 

of investigative police officers and the stress they perceived 

was examined. Scout and Bruce's decision-making styles scale 

and perceived stress scale were used in this study, which was 

conducted with 203 participants. When the results were 

examined, it was seen that the avoidant and dependent styles 

were associated with high stress (Salo & Allwood, 2011). 

2.5. The Relationship Between Technostress and 
Perception of Job Insecurity 

Job insecurity, which is seen as a stressor in the research, 

is theoretically accepted as a classical job stressor that operates 

with two basic mechanisms. The first mechanism is that the 

need for security is a fundamental motivation to work. The 

second mechanism is based on the idea that the relationship 

between employer and employee is partially social (Hellgren 

& Sverke, 2002). Major organizational changes, such as 

layoffs, pay cuts, or other threats to job security, provoke 

negative reactions because they violate an employee's 

psychological contract with the organization. 

When the stress factors in the workplace are examined, it 

is seen that job insecurity has not yet attracted attention in the 

field compared to other psycho-social stressors. It can be said 

that job insecurity, which creates an atmosphere of 

uncertainty, is an important source of stress among 

individuals. Studies on the subject reveal that the perception of 

job insecurity increases the level of stress, anxiety and 

depression, and physical and mental health complaints of 

employees (Köse & Baykal, 2018). The economic recession, 

trade wars and high increases in the restructuring activities of 

the enterprises in recent years have forced the enterprises to 

lay off their employees in order to reduce their costs (Hirsch et 

al., 2006), and this has created a high level of job insecurity 

and stress in many employees (Sverke et al., 2002). 

(Hyoung, 2019)'s study analysing the relationship between 

psychological contract breach, job insecurity and job stress 

shows how these variables are related to each other. When 

Saurabh Sharma's study, which measured the relationship 

between job insecurity and stress at work in the insurance 

industry in 2016, is examined, it is seen that the primary goal 

is to reveal how much job insecurity the employees in the 

insurance industry perceive regarding their jobs and how much 

stress their job insecurity causes stress in their jobs. In a study 

conducted in 2007 among married workers,  the role of gender 

in the relationship between job insecurity and job stress is 

determined (Gaunt & Benjamin, 2007). Gızılgül Valibayova 

(2018) examined the effect of job insecurity perception on job 

stress and job performance in her master's thesis. 

When Tuğçe Karayaka's (2018) research titled 'Working 

life characteristics, work stress and evaluation of job 

insecurity of occupational safety experts' is examined, it is 

seen that 16% of the research group consisting of occupational 

safety experts have a high quantitative perception of job 

insecurity and a high rate of job stress that occurs with it., 8% 

of them have high level of qualitative job insecurity and high 

level of job stress. It has been observed that there is a positive 

relationship between job insecurity and job stress. Another 

research that tries to reveal the relationship between the 

concept of technostress and job insecurity is the master's thesis 

conducted by Oğuzhan Kaymaz (2019). The aim of the study 

titled 'An Application on the Relationship between 

Technostress and Job Insecurity' is to determine the relations 

that may arise between the technostress that employees in the 

banking sector may be exposed to and the job insecurity they 

may experience, and to determine how bank employees will 

face negative situations by considering the effects of these 

relations. designated as offering recommendations. 

3. Material and Method 

3.1. Research Models 
In this context, the theories based on the research are 

(Lazarus & Folkman, 1984) 'Transactional Theory of Stress' 

and (Koeske & Koeske, 1993) 'Stress-Strain-Outcome'. 

According to these theories, which are modeled as stress 

tension and behavioral outcome (Cheung & Cheung, 2013), it 

can be said that technology that causes stress creates a state of 

tension in employees and as a behavioral result, it leads to 

meaningful changes or interactions in decision-making styles. 

For the modeling of the research (Tarafdar et al., 2008), the 

technostress and its effects model was analyzed and used. In 

the related model, technostress-creating factors were 
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determined, and under the influence of these factors, the 

reactions of employees in different sectors to different 

variables were determined and the regulatory factors in this 

relationship were discussed. 

There are many studies in the literature examining the 

relationships between stress types and decision-making 

behaviors. Study in psychology and management examining 

decision-making under uncertainty and stress (Heath, 2018), 

doctoral thesis investigating natural decision-making and 

stress determinants (Ergönül, 2018), decision-making models 

and methods book examining decision-making models and 

types of decisions under different stressors (Klein et al., 1993) 

have been an important resource for the study of decision-

making styles. It has been a reference source for research in 

books (Flin et al., 1997) that examine the effect of the stressor 

on decision-making behavior, especially in the aviation sector. 

The fact that this research is the first to examine the 

phenomenon of the dimensions of technological stress on 

decision-making is also important in terms of its original 

value. The articles and books of researchers such as the 

founders of the concept of technostress and working in the 

modeling of the theory (Ayyagari et al., 2011; Tarafdar et al., 

2008; Brod, 1984) were used as guides.        
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of technostress have significant relationships with decision-

making styles at different levels. In particular, determining 

which decision-making style is more affected by which 
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exposed to on the decision style. 
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The second hypothesis is that 'the perception of job 
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this research, he thinks that technological stress, especially on 

decision-making styles, can affect the degree or change its 

direction. 

3.3. Sampling and Data Collection 
The research universe consists of technical personnel 

working in the aircraft maintenance sector in Turkey. The 

survey method was adopted in the research and the sample was 

selected from the technical personnel working in the airline 

companies operating in Turkey and it is seen that the sample 

selected from the universe is completely homogeneous. The 

research population was determined as approximately 5500 

people. An online questionnaire consisting of a total of 77 

questions was created and the prepared questionnaire was sent 

to the members of UTED (Association of Aircraft 

Technicians) to collect data in the research, via SMS and 

online questionnaire link. The number of UTED members is 

around 4000 and a questionnaire was sent to all members. A 

total of 529 questionnaires were responded to, and 402 of the 

questionnaires, which were all filled in and usable, were 

evaluated and deemed appropriate for data analysis. Research 

data were analyzed in SPSS 25. Program. 

3.4. Measures 
The technostress scale was first developed by (Tarafdar et 

al., 2007) as five dimensions and twenty-three items. The scale 

is a five-point Likert-type scale measuring technological stress 

(1= Strongly Disagree, 2= Disagree, 3= Undecided, 4= Agree, 

5= Totally Agree). The adaptation of the technostress scale to 

Turkish was carried out by (Ilgaz et al., 2016) and it was 

determined that the original structure of the scale was 

preserved. 

The job insecurity perception scale was designed by 

(Ashford et al. 1989; De Witte & Naswall, 2003; Hellgren et 

al. 1999) to measure perceived job insecurity and was 

translated into Turkish by (Şeker, 2011). (Dede, 2017) applied 

on teachers. The scale is a five-point Likert-type scale 

measuring the perception of job insecurity (1= Strongly 

Disagree, 2= Disagree, 3= Undecided, 4= Agree, 5= Totally 

Agree). 

Decision-making style, derived from cognitive 

psychology, is 'a disposition based on the habit of reacting in 

a particular way in the context of a particular decision'. 

Although there are many constructs that describe individual 

differences in decision-making, Scott & Bruce's (1995) 

'General Decision-Making Styles' scale and inventory is the 

most comprehensive and widely used conceptual approach 

(Gurtner et al., 2016). The decision-making styles scale 

includes five sub-dimensions with a total of 25 items. Sub-

dimensions of the scale; rational decision making, intuitive 

decision making, dependent decision making, spontaneous 

decision making and avoidant decision making. The options of 

the five-point Likert-type questionnaire, from 1 to 5, are as 

follows: Strongly Disagree, Disagree, Undecided, Agree, 

Strongly Agree. 

4. Findings and Results 

The data set collected through a questionnaire from the 

primary data sources in the research was analyzed using the 

SPSS 25 program. In this context, descriptive statistics were 

calculated and the sample was introduced. In the following 

stage, factor analyzes were applied to examine the validity and 

reliability characteristics of the scales used in the study, and 

then the Cronbach's alpha coefficient was calculated to 

determine the reliability. By using factor structures discovered 

as a result of Factor Analysi, factor scores were calculated with 

the approach of collecting responses. Decision-making styles 

scale was grouped under KMO: 0.844 and 5 factors and 

reached 62.447% explanatory power. On the other hand, the 

scale of perception of job insecurity is KMO: 0.791 and its 

explanatory value is 72,158% with 2 factors. The 5 dimensions 

of technostress are KMO:0.847 and the total explanatory value 

is 64.119%. Using the factor scores obtained, linear regression, 

multiple regression and hierarchical regression analyzes were 

applied to the hypothesis tests. 

4.1. Testing the Relationship Between Technostress 
Dimensions and Decision-Making Styles 

When the model between the technostress dimensions and 

rational decision-making was examined, the multicollinearity 

was checked because there was more than one independent 

variable in the model and it was seen that there was no 

(VIF<5.0). Model p=0.000 is seen as significant and 11.2% of 

the change in rational decision making is explained by the 

change in the dimensions of technostress.

Table 1. Rational Decision-Making with Technostress Dimensions Hierarchical Regression Analysis Results 

     Model 
Non-standardized Constants 

Standardized 

Constants t p VIF 

B Std. Error β 

        1 

(Constant) 3.081 0.216   14.263 0.000  

Techno 

Overload 
-0.067 0.036 -0.113 -1.884 0.040* 

1.595 

Techno Invasion -0.013 0.030 -0.026 -0.444 0.657 1.487 

Techno 

Complexity 
0.136 0.039 0.207 3.499 0.001* 

1.556 

Techno 

Insecurity 
0.099 0.038 0.146 2.354 0.010* 

1.432 

Techno 

Uncertainty 
0.166 0.034 0.242 4.921 0.000* 

1.078 

 

a. Dependant Variable: Rational Decision-Making   p<0.05*   R2=0.112   F=9.862 

When the model is examined, it is seen that 1 unit increase 

in techno overload causes a 0.113 decrease in rational 

decision-making, while 1 unit increase in techno complexity 

causes an increase of 0.207 units in rational decision-making. 

An increase of 1 unit in the techno uncertainty variable causes  
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an increase of 0.242 in rational decision-making. A 1-unit 

increase in techno-insecurity causes an increase of 0.146 in 

rational decision making. It was understood that the techno 

invasion (p=0.657) variable did not have a significant effect on 

rational decision-making. 

Table 2. Hierarchical Regression Analysis Results for Heuristic Decision Making with Technostress Dimensions 

    Model 
Non-standardized Constants 

Standardized 

Constants t p VIF 

B Std. Error β 

2 

(Constant) 3.587 0.346   10.370 0.000  

Techno Overload -0.083 0.057 -0.089 -1.462 0.145 1.595 

Techno Invasion -0.017 0.047 -0.021 -0.362 0.717 1.487 

Techno 

Complexity 
-0.120 0.062 -0.117 -1.939 0.053 

1.556 

Techno Insecurity -0.053 0.061 -0.050 -0.868 0.386 1.432 

Techno 

Uncertainty 
0.145 0.054 0.134 2.671 0.008* 

1.078 

 

a. Dependant Variable: Intuitive Decision-Making   p<0.05*   R2=0.080   F=6.736 

As a result of the multiple regression analysis for the 

relationship between technostress dimensions and intuitive 

decision-making, the model was found to be significant 

(p=0.000). When the model is examined, 8% of the change in 

intuitive decision-making is explained by the change in the 

dimensions of technostress. There is no multicollinearity 

problem in the model. When the model was examined, it was 

seen that only the relationship between techno uncertainty and 

intuitive decision making was significant (p=0.008). An 

increase of 1 unit in the techno uncertainty variable causes an 

increase of 0.134 units in intuitive decision-making. Techno 

overload (p=0.145), techno invasion (p=0.717), techno 

complexity (p=0.053) and techno insecurity (p=0.386) 

variables have no significant effect on intuitive decision-

making. As a result of the multiple regression analysis done to 

find out the relationship between technostress dimensions and 

dependent decision-making, the model was found to be 

significant (p=0.000). When the model is examined, 8.9% of 

the change in dependent decision-making is explained by the 

change in the dimensions of technostress. There is no 

multicollinearity problem in the model. 

 

Table 3. Dependent Decision-Making with Technostress Dimensions Hierarchical Regression Analysis Results 

    Model 
Non-standardized Constants 

Standardized 

Constants t p VIF 

B Std. Error β 

3 

(Constant) 2.882 0.303   9.515 0.000  

Techno Overload 0.002 0.050 0.002 0.035 0.972 1.595 

 

Techno Invasion 0.043 0.041 0.061 1.044 0.297 1.487 

Techno Complexity 0.156 0.054 0.172 2.872 0.004* 1.556 

Techno Insecurity 0.038 0.054 0.041 -0.716 0.475 1.432 

Techno Uncertainty 0.239 0.047 0.252 5.052 0.000* 1.078 

 

a. Dependant Variable: Dependant Decision-Making   p<0.05*   R2=0.089    F=7.774 

When the model is examined, it is seen that the relationship 

between techno-complexity and dependent decision-making is 

significant (p=0.004) and that a 1-unit increase in techno-

complexity causes a 0.172-unit decrease in dependent 

decision-making. The relationship between techno uncertainty 

variable and dependent decision-making was also significant 

(p=0.000), and it was understood that 1 unit increase in techno 

uncertainty caused an increase of 0.252 units in dependent 

decision-making. On the other hand, techno overload 

(p=0.972), techno invasion (p=0.297) and techno insecurity 

(p=0.475) variables did not have a significant relationship with 

dependent decision-making. 

As a result of multiple regression analysis for the 

relationship between technostress dimensions and instant 

decision-making, the model was found to be significant 

(p=0.000). When the model is examined, 12.3% of the change 

in avoidant decision-making is explained by the change in the 

dimensions of technostress. There is no multicollinearity 

problem in the model. When the model is examined, it is seen 

that the relationship between techno-complexity and instant 



JAV e-ISSN:2587-1676                                                                                                                                                        7 (1): 39-54 (2023) 

46 

decision-making is significant (p=0.000) and that a 1-unit 

increase in techno-complexity causes a 0.215-unit decrease in 

instant decision-making. 

Table 4. Hierarchical Regression Analysis Results for Immediate Decision-Making with Technostress Dimensions 

  

As a result of the analysis, it was seen that the variables of 

techno overload (p=0.171), techno invasion (p=0.271), techno 

uncertainty (p=0.648) and techno insecurity (p=0.632) were 

not significantly associated with instant decision-making. As a 

result of the multiple regression analysis for the relationship 

between technostress dimensions and avoidant decision  

 

making, the model was found to be significant (p=0.000). 

When the model is examined, 17.6% of the change in avoidant 

decision-making is explained by the change in the dimensions 

of technostress. There is no multicollinearity problem in the 

model. 

Table 5. Hierarchical Regression Analysis Results for Avoidant Decision-Making with Technostress Dimensions 

    Model 
Non-standardized Constants 

Standardized 

Constants t p VIF 

B Std. Error β 

5 

(Constant) 4.095 0.325   12.610 0.000  

Techno Overload -0.031 0.053 -0.033 -0.575 0.566 1.595 

Techno Invasion -0.035 0.044 -0.043 -0.778 0.437 1.487 

Techno Complexity -0.198 0.058 -0.193 -3.393 0.001* 1.556 

Techno Insecurity -0.260 0.058 -0.246 -4.511 0.000* 1.432 

Techno Uncertainty -0.001 0.051 -0.001 -0.027 0.979 1.078 

 

a. Dependant Variable: Avoidant Decision-Making   p<0.05*   R2=0.176    F=16.902 

When the model is examined, it is seen that the relationship 

between techno-complexity and avoidant decision-making is 

significant (p=0.001), and a 1-unit increase in techno-

complexity causes a 0.193-unit decrease in avoidant decision-

making. The relationship between the techno-insecurity 

variable and avoidant decision-making was also significant 

(p=0.000), and it was understood that a 1-unit increase in 

techno-insecurity caused a 0.246-unit decrease in avoidant 

decision-making. On the other hand, techno overload 

(p=0.566), techno invasion (p=0.437) and techno uncertainty 

(p=0.979) variables did not have a significant relationship with 

avoidant decision-making. As a result of all analysis results, 

the significant effects of the five dimensions of technostress on 

the five basic decision-making styles are shown in Figure 3. 

 

Model 
Non-standardized Constants 

Standardized 

Constants t p VIF 

B Std. Error 𝜷 

  4 

(Constant) 3.675 0.277   13.275 0.000  

Techno Overload -0.074 0.045 -0.096 -1.616 0.171 1.595 

Techno Invasion -0.034 0.038 -0.052 -0.905 0.271 1.487 

Techno Complexity -0.182 0.050 -0.215 -3.670 0.000* 1.556 

Techno Insecurity -0.076 0.049 -0.088 -1.554 0.632 1.432 

Techno Uncertainty -0.022 0.043 -0.025 -0.509 0.648 1.078 

 

a.  Dependant Variable: Instant Decision-Making   p<0.05*   R2=0.123    F=11.118 
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Figure 3. Network Analysis of the Relationship Between Technostress Dimensions and Decision-Making Style 

The network relationship between the dimensions of 

technostress and five decision-making styles is shown above. 

All dimensions except the techno-invasion dimension seems 

to have a significant effect on a particular decision-making 

style. In the table below, the direction of significant 

relationships is expressed.  

 

Table 6. Technostress and Decision-Making Styles Relationship Direction Network Table 

            Decision-Making           

                      Styles   

Technostress                                 
RATIONAL INTUITIVE DEPENDANT AVIODANT INSTANT 

Techno Overload -     

Techno Complexity +  + - - 

Techno Invasion      

Techno Uncertainty + + +   

Techno Insecurity +   -  

 

4.2. The Moderating Role of Perception of Job Insecurity 
in the Relationship Between Technostress and Decision-
Making Styles 

When the table emerged as a result of the hierarchical 

regression analysis is examined, it is seen that the perception 

of quantitative job insecurity (p=0.041) has a significant 

moderator effect in the relationship between technostress and 

rational decision-making, and that technostress has an 

explanatory effect to (R2=31%) and the effect is lower (from 

β=0.136). β=0.108). The perception of qualitative job 

insecurity has no moderator effect. 
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Table 7. The Moderating Role of Perception of Job Insecurity in the Relationship Between Technostress and Rational Decision-

Making Hierarchical Regression Analysis 

Model 

Non-standardized 

Constants 

Standardized 

Constants t p R2 

B Std. Error β 

  1 
(Constant) 4.317    0.031   140.557 0.000  

0.20 Technostress 0.079 0.032 0.136 2.509 0.013  
Quantitative J.I. 0.033 0.033 0.057 1.012 0.312  

Technostress* Quantitative J.I. 0.055 0.027 0.108 2.055 0.041* 0.310 

   

  a. Dependent Variable: Rational Decision Making          J.I.: Job Insecurity                     * p<0.05  

When the table emerged as a result of the hierarchical 

regression analysis is examined, it is seen that the perception 

of quantitative job insecurity (p=0.000) has a significant 

moderator effect in the relationship between technostress and 

intuitive decision making, and that technostress has an 

explanatory effect to (R2=6.4%) and the effect (β=-- It was 

determined that it changed from 0.184 to β=0.181) in the 

opposite direction. 

 

Table 8. The Moderate Role of Perception of Job Insecurity in the Relationship Between Technostress and Intuitive Decision-

Making Hierarchical Regression Analysis

When the table that emerged as a result of the hierarchical 

regression analyzes is examined, it is seen that the perception 

of qualitative job insecurity (p=0.002) has a significant 

moderator effect in the relationship between technostress and 

impulsive decision making, and that technostress has increased 

its explanatory power to (R2=12.9%) and the effect (β=-- It 

was determined that it decreased from 0.320 to β=0.144). 

Table 9. The Moderating Role of Perception of Job Insecurity in the Relationship Between Technostress and Instant Decision-

Making Hierarchical Regression Analysis 

    Model 

Non-standardized 

Constants 

Standardized 

Constants t p R2 

B Std. Error β 

3  

(Constant)  2.327 0.036   65.279 0.000 

0.099 Technostress -0.241 0.036 -0.320 -6.684 0.000 

Qualitative J.I. 0.069 0.036 0.091 1.918 0.056 

Technostress* Qualitative J.I. -0.098 0.032 -0.144 -3.061 0.002* 0.129 

 

a. Dependent Variable: Instant Decision Making          J.I.: Job Insecurity                      * p<0.05  

In the analysis, it was determined that the perception of job 

insecurity does not have a moderator role between technostress 

and avoidant decision making. At the same time, the moderator 

role of the perception of job insecurity was not analysed 

because there was no significant relationship  

between technostress and dependent decision-making style. In 

the table below, the meaningful and meaningless moderator 

roles of the dimensions of job insecurity perception in the 

relationship between decision-making styles and technostress 

are indicated. 

 

  

 

 

Model 

Non-standardized 

Constants 

Standardized 

Constants t p R2 

B Std. Error β 

2  

(Constant) 3.113    0.047   65.543 0.000 0.035 

Technostress -0.169 0.049 -0.184 -3.453 0.001 

Quantitative J.I. 0.060 0.051 0.065 1.167 0.244 

Technostress* Quantitative J.I. 0.145 0.041 0.181 3.518 0.000* 0.064 

 

a.  Dependent Variable: Intuitive Decision Making          J.I.: Job Insecurity        * p<0.05  
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 Table 10. Moderator Role of Perception of Job Insecurity in the Relationship Between Technostress and Decision-Making 

Styles 

                                          TS*DMS 

MODERATOR 
TS*RATIONAL DMS TS*INTUITIVE DMS TS*INSTANT DMS 

QUANTITATIVE J.I. √ √  

QUALITATIVE J.I.   √ 

5. Discussion and Conclusion 

5.1. Evaluation of the Effects of the Dimensions of 
Technostress on Decision Making Styles 

A significant and negative relationship between techno 

overload and rational decision-making was determined. The 

increase in the technological load on the technical personnel 

leads the employee to do more research in order to understand 

this new or complex technology and makes the time pressure 

more felt. This result, which is compatible with the studies of 

Tarafdar et al., also confirms that technology-intensive 

workers need more time because they are exposed to 

multitasking and technological workload at the same time 

(Tarafdar et al., 2007). Technical personnel have to take the 

necessary action and make the decision for aircraft 

maintenance or repair in a limited time frame. At this point, an 

excessively intense technological situation may cause the 

personnel to make less rational decisions. Employees may 

move away from the tendency to make rational and logical 

decisions, due to this time pressure and technological load. In 

a study conducted in the aircraft maintenance sector in line 

with the studies in the literature, he stated that time pressure 

and increasing technology cause an increase in the workload 

in the aircraft maintenance sector, a decrease in quality 

standards, wrong decisions, human factor errors and stress 

(Çoban, 2019). 

A significant and negative relationship was found between 

techno-insecurity and avoidant decision-making. Techno-

insecurity is the fear of employees losing their jobs due to 

constantly changing and developing technologies, and this is 

shaped by new behavioral patterns. Especially the new 

technologies that technical employees are constantly dealing 

with creates the concern that they will lose their jobs over time 

or that the people who will replace them may have more 

control over technology. The increase in such stress level 

creates a sense of taking more responsibility in employees and 

causes them to engage in behavioral actions having them to 

think they can handle technology, they are doing it. In this 

case, employees make less avoidant decisions and move away 

from avoidant behavior by taking responsibility. 

A significant and positive relationship was found between 

techno-insecurity and rational decision-making. Technical 

personnel, who are effected by constantly developing and 

changing technology, may think that technology can increase 

much more over time and that some artificial intelligence or 

advanced technologies can take their place. For this reason, 

employees try to be more careful and attentive in their 

decisions and show more rational style that acts according to 

rules and data. In sectors where technology does not have 

much effect and technological change is slow, the rational 

decision-making levels of employees decrease and they may 

turn to other decision-making styles. 

It has been determined that the techno uncertainty factor 

interacts significantly with more than one decision-making 

style. Considering that decision-making in fuzzy and uncertain 

situations is a very difficult and complex process, the effects 

of different decision-making styles in the environment of 

technological uncertainty also support our findings in terms of 

compatibility with the literature. Techno uncertainty has 

significant and positive effects especially on rational decision-

making, intuitive decision-making and dependent decision-

making. The significant and positive effect of techno-

uncertainty on dependent decision-making, where technostress 

alone does not have a significant effect, is an important result. 

Dependent decision-making for employees is an important 

phenomenon in the aviation industry. Personnel working in 

aircraft maintenance or any malfunction may frequently refer 

to the opinions and suggestions of others for jobs that they do 

not have full knowledge of technology or cannot predict the 

results of. At this point, the issue of technological uncertainty 

is seen as a stress factor in the employee and can lead the 

employee to make decisions more dependent on other 

employees, especially employees who have a good command 

of technology. This situation is undesirable for employees at 

the same level or role. In the organization, the workload 

remains with a certain group of employees, and employees 

who follow technology or make better decisions in an 

environment of technological uncertainty or blurry situations 

make more effort. On the other hand, fuzzy and uncertain 

technology makes workers tired. Constant technological 

changes in the organization push employees to spend time on 

acquiring more information. In this case, the decisions to be 

made are delayed and the employees decide more rationally 

and more investigative. In fact, for many businesses, the 

employee who makes rational decisions is considered more 

effective and efficient. However, time pressure and high 

technology in the aviation industry expect employees to make 

more effective decisions. In this case, constantly changing and 

renewed technologies increase the desire of employees not to 

make mistakes, and this causes them to make more rational 

decisions. Another relationship between techno-uncertainty 

and intuitive decision making has been found. Employees in 

the ever-changing technology do not know which technology 

to trust in their business decisions. In this case, technological 

uncertainty can slightly increase intuitive decision making in 

employees. One of the most important options among 

decision-making options in uncertain, fuzzy situations and 

risky positions is to make decisions based on intuition. 

Therefore, in environments of technological uncertainty, it is 

normal for employees to act with their intuition and use their 

intuition in their decisions. 

Another relationship between techno-uncertainty and 

intuitive decision-making has been found. Employees in the 

ever-changing technology do not know which technology to 

trust in their business decisions. For example, when an 

employee who constantly controls aircraft propellers with 

ultrasound starts to do this with a new technology, microwave, 

he will not be able to read the results as well as before, and he 
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will act on his feelings and intuitions instead of his previous 

experiences in the decisions he will make. In this case, 

technological uncertainty can slightly increase intuitive 

decision-making in employees. One of the most important 

options among decision-making options in uncertain, fuzzy 

situations and risky positions is to make decisions based on 

intuition. Therefore, in environments of technological 

uncertainty, it is normal for employees to act with their 

intuition and use their intuition in their decisions. 

When the study data were analyzed, it was determined that 

technological complexity had a significant and positive 

relationship with dependent decision-making. Technical 

personnel tend to make more dependent decisions when a more 

complex situation occurs in aircraft technologies and when 

they are alone with high complexity technologies. The stress 

factor brought about by complex technology triggers the 

thought of making mistakes in technical employees and they 

tend to make more dependent decisions, although they are not 

sure about their decisions. 

The increase in technological complexity in the aviation 

industry is inevitable. Due to the constantly renewed and more 

complex technology, employees are no longer able to postpone 

their decisions and do not leave important decisions for later 

because techno-complexity is a stress factor on them. This 

situation shows the harmony of literature and research results 

in terms of both aviation sector dynamics and avoidant 

decision-making dynamics. In this case, it can be explained by 

the desire to minimize the risks of making mistakes due to 

complex technology. 

5.2. Evaluation of the Moderator Role of Perception of 
Job Insecurity in the Effect of Technostress on Decision-
Making Styles 

Quantitative job insecurity had a significant moderator 

effect on the relationship between technostress and rational 

decision-making, and it was understood that in cases where 

quantitative job insecurity is high, technostress reduces the 

positive effect on rational decision-making. While employees 

make more rational decisions due to technological stress, job 

insecurity significantly affects this effect and rational decision. 

On the other hand, it was determined that quantitative J.I. 

had a moderator effect on the effect of technostress on intuitive 

decision making. Quantitative J.I. changed the effect of 

technological stress on intuitive decision-making from 

negative to positive. It can be said that quantitative J.I. has a 

full moderation effect in this relationship. Technological stress 

leads to increased intuitive decision-making in employees with 

high quantitative J.I. Employees under technological stress are 

shy about making decisions based on their past experience and 

experience because they are faced with a new technological 

system. At the same time, when faced with high quantitative 

job insecurity, decision mechanisms change. In many studies 

(Ünsar & Dinçer; Ilkım & Derin, 2018; Selvi & Sümer, 2018), 

it has been seen that the perception of job insecurity leads to 

negative changes in employee performance, job perspective, 

and emotions. Based on these studies and the concepts in the 

literature, it can be said that high quantitative job insecurity 

delays or disables stress-induced corrective behaviors on 

employees, and it can be thought that this situation adversely 

affects the behavior of employees who avoid intuitive 

decision-making due to technology-induced stress. Therefore, 

it can be said that the perception of quantitative job insecurity 

played a moderator role in the relationship between 

technological stress and heuristic decision in the research. 

In the study, qualitative J.I. reduced the effect of 

technostress on intuitive decision-making. At this point, it can 

be said that it has a partial regulatory effect. Model analysis 

has shown that as qualitative J.I. increases, employees tends to 

make more instant decisions. When technical personnel 

perceive a corporate job insecurity, it can be said that they act 

not only by the effects of technostress, but also by the effects 

of corporate job insecurity in their decisions. When the 

dynamics of the aviation industry are examined, making a 

quick decision is not a very desirable situation. In studies 

(Günalan, 2019; Aslan, 2011), employee performance and job 

engagement decrease as qualitative job insecurity increases. 

Based on these results, it can be said that although employees 

tend to make less instant decisions and do their jobs more 

accurately in the face of technology-related stress, a possible 

decrease in their performance and organizational commitment 

in an environment where qualitative job insecurity increases 

may push them towards instant decisions. 

5.3. Contributions and Suggestions 
The concept of technostress, which has recently been 

examined in the field of business administration and 

organizational behavior, apart from the fields of psychology 

and sociology, especially its effects on employee performance, 

job satisfaction, susceptibility to technological innovations, 

self-efficacy, managerial abilities, organizational 

commitment, organizational culture, decision making, etc. has 

been discussed. It has been the subject of research with many 

variables (Salanova et al., 2007; Akhtari et al., 2013; Ayyagari 

et al., 2011; Tarafdar et al., 2015; Srivastana et al., 2015). 

While examining the causes of technological stress and the 

phenomena associated with it, it was seen that Lazarus' stress 

theory was theoretically utilized. In this research, taking its 

theoretical basis from (Lazarus & Folkman, 1984) and 

(Koeske & Koeske, 1993) stress theories, it was built on the 

model of technostress and its effect on work/life phenomena 

(Tarafdar et al., 2011) developed by Tarafdar et al. It is now 

well established in the literature that technological stress is one 

of the other types of stress and has important effects on the 

lives of employees. This research, on the other hand, was 

carried out in the maintenance department of the aviation 

industry, where technological stress was investigated before. 

The effects of technostress on productivity, ergonomics, 

demographics and time perspective in the aviation industry 

were examined (Doğan, 2016; Ufuk et al., 2015; Çoban, 2019). 

In parallel and in harmony with these studies, the effect of 

stress on decision making, which has been widely researched 

in the literature, and in this context, the effect of technostress 

on decision-making in the doctoral thesis research has been 

examined in a unique framework. 

Literature studies show that the direct effect of 

technological stress on decision-making styles is an under-

studied area. Decision-making styles, which are seen as a sub-

specialty branch of detailed research on stress and decision-

making behavior and have similar characteristics such as 

personality traits, have actually been discussed with different 

phenomena in the literature. Studies examining the 

psychological and sociological aspects of people's decision-

making styles (Curşeu & Schruijer, 2012; Leykin & 

DeBrubeis, 2010) try to understand how the decision-maker 

makes decisions when faced with factors such as emotional, 

anxiety and worry, depression, and stress. It is thought that this 

research will also contribute to this kind of psychology-based 

research. 
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The significant and positive effect of the perception of job 

insecurity with technological stress supports other studies 

(Jordan et al., 2006; Valibayova, 2018) working on this subject 

and developing models. It is also thought to make significant 

contributions to the literature (Cheung et al., 2016; Katungu, 

2018; Ouyang et al., 2015) questioning the relationship 

between decision, emotions and job insecurity. A result 

supporting the findings of researchers who examined job 

insecurity as a stress factor and modeled it using the theory of 

Lazarus & Folkman (1984) was determined. This research 

shows that the perception of job insecurity is a complete 

stressor and has a direct effect on technological stress and a 

moderator and direct effect on decision-making. 

It should not be forgotten that decision-making and 

technostress in the aircraft maintenance industry are two 

interrelated concepts that affect the performance and work 

efficiency of aircraft maintenance personnel. In order to 

combat the problem of new technologies and to get the optimal 

decision, the quality and quantity of resources such as the 

number of technicians, necessary equipment and technical 

documents should be increased, daily, weekly and monthly 

workload plans should be rearranged, improvements should be 

made on organizational factors that affect or delay decisions, 

and decision-management and emotional intelligence training 

should be given to technicians. Besides, in order for 

technicians to cope with technostress, the technological 

workload should be equally distributed to the technicians, 

basic and refresher training should be given to adapt to new 

technologies, technical problems and updates should be done 

in a timely manner, working hours should be rearranged to 

prevent the physical and psychological negative effects of 

technostress, and social activities should be emphasized. 

should be given. The significant and positive interaction 

between technostress and the perception of job insecurity may 

suggest that there are mechanisms that can trigger each other 

or increase the effect of each other relatively. For this reason, 

studies can be carried out to reduce the perceptions of job 

insecurity as well as to try to protect employees from 

technostress. It is known that the aircraft maintenance sector is 

a field that requires high experience and continuous training, 

and in this respect, short-term contracts should not be imposed 

on the personnel. Employees should be informed about 

employers' long-term employment plans and convinced that 

they can take part in the care organization's future vision. 

As a summary and suggestion; 

* The effects model of technostress can now be updated in 

the light of new research, 

* Technostress and decision-making styles research should 

be conducted for different sectors and a meta-analysis can 

establish relationships between the results. 

* Effects of technological stress can be measured and 

desired/undesirable situation analysis can be made according 

to expected decision styles within the scope of prospect theory. 

* It can be researched which decision styles are associated 

with the perception of job insecurity and its regulatory effect 

can be examined on the basis of sectors within the stress factor. 

* Due to the developing technology, changing human life 

and renewed work/organization environment, a study can be 

carried out to update the existing technostress scale. 

* Businesses should determine the general decision-

making styles of the employees and optimize what kind of 

decision-making personnel will perform better in which 

departments, 

* In order to be affected by technological changes and 

technological stress at the minimum level, businesses should 

review their education systems, and the availability of 

supervised learning and reinforcement learning methods 

should be increased. 

* Aviation supervisors should be more sensitive to 

employees, especially regarding techno overload, should not 

leave them alone with the technological load and should take 

into account the feedback of the personnel on technology. 
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1. Introduction 
  

In today’s increasingly competitive environment, it is 
getting harder for organizations to compete. It is also a fact that 
the survival of organizations is evaluated in multiple ways. 
Therefore, in order to reach their predetermined goals, the 
organizations do not only produce goods and/or services but 
also act based on the welfare, belonging, well-being and 
happiness of the employees who are the most valuable capital 
for the organization. Otherwise, employees will leave the job 
and the organization, resulting in high costs for organizations 
(Rubenstein, Eberly, Lee, Mitchell, 2018:1). It is not expected 
from the organizations in airline transport to bear a new cost 
item. It is inevitable to state that there are various elements that 
organizations need to provide for employees to coalesce into 
their jobs and organizations, that is, to experience 
organizational identification (Mael ve Ashfort, 1992) and, so 
to speak, to be embedded in their work. 

From the hypothesis that the employees show their efforts 
as the product of a multi-faceted evaluation while performing 
their work within an organization, it is ideal for them to feel 
safe cognitively, physically and emotionally. Otherwise, it is 
possible for them to get disappointed by or bear a grudge 
against their organizations, to turn to organization cynicism in 
other words (Dean, Brandes ve Dharwadkar, 1998). In order to 
prevent that, organizations need to gain the trust of employees 

by offering promises they can keep. It can be ensured that the 
employees stay at the organization through the positive effect 
of the psychological contract, which is a type of contract, on 
the perception of the employees. In the studies conducted to 
seek an answer to the questions Why does an employee stay in 
his/her organization? or the opposite question Why does an 
employee leave his/her organization? as emphasized by 
Mitchell et al. (2001: 1104), the reasons for turnover behavior 
could not be adequately explained with existing concepts or 
theories, and the concept of job embeddedness was discussed. 
It is observed that the concepts that are thought to be effective 
in job embeddedness in the future, the leader-member 
exchange (LME) as in the study by Harris, Wheeler and 
Kacmar (2011), psychological safety, perception of support by 
Singh, Shaffer and Selvarajan (2018), LME and person-
organization fit by Mazıoğlu and Kanbur (2020), perception 
on organizational support by Afsar and Badir (2016) and 
Akgündüz and Şanlı (2017), the trust for the manager and the 
perceived organizational justice by Akgündüz, Güzel and 
Harman (2016), contextual performance perception by Kesen 
and Akyüz (2016), are mostly positive concepts. However, it 
is understood that the possible effect of a negative factor on 
job embeddedness is not addressed or there are hardly any 
studies (Holtom, Burton, and Crossley, 2012: 434). 
Considering the general distribution of the studies, it is 
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observed that they focus on the health, tourism and 
accommodation sectors. 

Within this context, whether the employees who work in 

airline transportation companies experience job embeddedness 

and the perception of the psychological contract, abusive 

management and organizational support perception, which can 

be considered as the factors affecting these situations, are 

evaluated. The lack of studies that deal with the concept of job 

embeddedness in airline transportation companies and 

examine it comprehensively together with the other three 

variables reveals the motivation of the research.  

  

2. Theoretical Framework 
  

2.1. Job Embeddedness 
Intellectual capital has evolved into a source of competitive 

advantage for enterprises in today's knowledge-based 
economy. Companies now understand how important 
employee retention and intellectual capital development are to 
their ability to compete successfully. The choice of employees 
to remain with or quit their current employer is a crucial factor 
in work-related studies across all professional activity areas 
(Khan et al., 2018). Retaining employees is crucial for all 
industries. 

The idea of embeddedness is a theoretical structure 
attracting the attention of scholars from various disciplines in 
recent years and means that economic actions and outcomes, 
just like all social actions and outcomes, are affected by the 
mutual relationships of the actor and the structure of the 
general network of relationships (Sandberg, 2003).  

Some academics have broadened the concept of 
embeddedness by including variations like cognitive, cultural, 
and political embeddedness in response to criticism leveled at 
Granovetter for his too limited grasp of the concept (Sandberg, 
2003). The term embeddedness has been used to refer to the 
influence of social structure over the economic activities of 
individuals and other social units in sociology and economics 
literature in the past. According to Baum and Oliver (1992), 
the economic players' level of embedding in their social 
structures will depend on how deeply they participate in 
relational networks. These social relationships and systems 
have an impact on and limit how people engaged act 
economically (Nguyen, 2010). From a sociological 
perspective, embeddedness is expressed as the forces that 
provide the connection of individuals with other people, 
groups and teams. It has also been associated with an 
individual's intention to stay in or leave an institution (Beduk 
and Yıldız, 2018). Nevertheless, according to Mitchell et al., 
the use of embedded structures by sociologists and economists 
is much broader than they are in terms of units of analysis and 
dependent variables. While sociologists and economists focus 
on individuals, groups and organizations in various economic 
actions, Mitchell et al. focus more narrowly on individuals 
who stay in their organizations (Nguyen, 2010). 

Job embedding represents a broad constellation of effects 
regarding employee retention. Embedded Figures Test and 
Kurt Lewin's Field Theory help to understand the core of this 
structure (Mitchell et al., 2001). Embedded figures are related 
to the psychological background of the individual and are used 
in psychological tests. It is difficult to leave the embedded 
figures and they surround individuals (Dedeoğlu et al., 2016). 
According to Kurt Lewin's Field theory, there are driving and 
hindering factors in shaping the behavior that each individual 
exhibits (Karaduman, 2019). 

Many articles and authors have used the terms voluntary 
turnover or intention to depart to explain the idea of work 
embeddedness (Birsel et al., 2012). Most of the theoretical 
underpinnings for psychology research on voluntary turnover 
are presented by March and Simon (1958), who define 
voluntary turnover as a reflection of an employee's decision to 
engage in the activities of his or her business (Lee et al., 2004). 
To put it another way, when an employee leaves their job 
voluntarily, they do so to stop their association with the 
organization (An, 2019). There are numerous causes that lead 
to people quitting on their own, and numerous research on the 
employee turnover rate have been done throughout the years. 

Traditional research on staff turnover has focused on 
negative job attitudes (such as low job satisfaction levels) as 
reasons for turnover. In their important work that they brought 
to the literature, March and Simon (1958) propose a 
psychological explanation for employee turnover based on the 
individual's utility functions. When the outcomes (such as 
wages or promotion opportunities) are lower than the 
expectations of the employees, the employee becomes 
dissatisfied, and this increases his/her desire to move and 
motivates the employee to leave the organization s/he works 
for. Employee turnover then becomes a function of the extent 
of this desirability with the perceived ease of movement, that 
is the number of perceived job alternatives (Harman et al., 
2007). 

The ease of mobility refers to perceived job alternatives or 

actual unemployment rates, but the attractiveness of moving 

over time refers to work attitudes like job satisfaction or 

organizational commitment. More specifically, the majority of 

employee exchange ideas are based on the idea that employees 

quit their jobs if there are better options accessible to them. 

Work involving voluntary turnover (employee exchange) is 

characterized by dissatisfaction, a lack of commitment, and a 

concentration on standard job alternatives (Lee et al., 2004). 

 

2.2. Perceived Organizational Support  
It is of great importance for organizations to support their 

employees in order to keep up with the innovations of our age. 
It is only in this way that organizations can survive. Moreover, 
organizations are not groups of people that come together 
randomly, they are structures where individuals gather for a 
common goal, and they need to have certain characteristics, 
values and roadmap in order to achieve their goals. The 
existence of all these organizational components in an efficient 
structure and the support of the organization for the employees 
who are the locomotive of the organization are essential tasks 
for organizations aiming at efficiency. The organizations have 
to make their employees feel valued and necessary while 
fulfilling this duty. This can be possible by paying attention to 
their needs and requirements. Employees who feel that they 
are respected, valued and approved by organizational support 
may develop a sense of commitment as well as positive 
personal feelings for their organizations. The organizations 
can support their employees by giving importance to their 
suggestions, criticisms, and creative ideas, or they can also 
support them by appreciating their success, giving job security, 
or keeping the intra-organizational communication and 
organizational climate highly positive (Gül, 2010). 

The support that employees receive from the organization, 
the importance attributed to their contribution, the satisfaction 
of their physiological needs and their happiness are direct 
indications that they receive support from the organization. 
Since these indicators occur as a result of mutual interaction, 
the perceived organizational support of the individual is also 
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directly related to the realization of this interaction 
(Eisenberger et al., 1986). 

The perceived organizational support for the employees 
also develops according to what the organization contributes 
to them, the importance given to their welfare, the support 
given for creating a social identity, and the reward for their 
contribution. The employees perceive and directly feel the 
organizational support when they feel the support of the 
organization for them (Eisenberger, Cummings, Armeli, & 
Lynch, 1997). 

Çakır (2001) approaches the concept of organizational 
support from a different perspective. According to Çakır 
(2001), organizational support begins with caring of 
employees' ideas. The starting point of organizational support 
is to develop a helpful approach in the areas needed by the 
employees both within and outside the workplace and taking 
the employees into account in this regard. Under such 
conditions, perceived organizational support of the employees 
are quite high (Çakır, 2001). 

Another factor increasing the perceived organizational 
support of the employees is listening to the suggestions and 
complaints of the employees about the organization. 
Considering the opinions and suggestions of the employees 
about the organization where they spend a large part of their 
lives may result in affecting their perceived organizational 
support at the same rate (Özdevecioğlu, 2003). 

The establishment of a reward system is another factor that 
increases perceived organizational support. Rewarding the 
employees as a result of their performance and the additional 
work they perform also significantly increases the perceived 
organizational support of the employees. In organizations 
where the reward mechanism works well, employees feel 
organizational support to a great extent (Eisenberger et al., 
1997). 

The other approaches that increase the perceived 

organizational support of the employees are respect, approval 

and caring. If the employees are aware that they are respected 

in the organization, feel that they are cared for because of their 

work and are approved by their superiors, the perceived 

organizational support of the employee will be significantly 

higher (Armeli, Eisenberger, Fasolo, & Lynch, 1998).  

 

2.3. Abusive Management  
From the definition of Tepper (2000: 178), abusive 

management, which refers to the perceptions of subordinates 
regarding the constant hostile behavior of superiors verbally or 
nonverbally except for physical contact with their 
subordinates, is the superiors’ long-term emotional, cognitive 
and ultimately psychological maltreatment towards 
subordinates (Lin, Wang, & Chen, 2013). As a matter of fact, 
managers who have adopted abusive management style exhibit 
behaviors such as humiliating employees in a way that insults 
them in front of others, mocking and mistreating them, 
intimidating them to lose their job, talking loudly or even 
shouting at employees in anger for no reason, speaking in a 
way that violates the private lives of their employees, 
disturbing employees by giving vicious and hostile looks and 
not fulfilling their promises to employees. These destructive 
behaviors that harm the organization over time are defined as 
ordinary bullying by Ashfoth (1997), as aggressive manager 
by Schat, Desmarais and Kelloway (2006) and as undermining 
manager by Duffy, Ganster and Pagon (2002). However, the 
concept of abusive management has been used predominantly 
until today (Tepper, 2000). 

In abusive management which is also considered an active 

manifestation of destructive leadership, it is known that, as 

Ashfoth (1997) states, this type of managers use their power 

and authority in an oppressive and even arbitrary manner in 

order to deliberately mistreat their subordinates. Even though 

these behaviors of the manager who adopts abusive 

management do not include any tendency and/or attack toward 

the physical integrity of the employees, they cause damage to 

the physical and psychological health of the employees over 

time due to the continuity of these behaviors (Lin et al., 2013; 

Martinko, Harvey, Brees, and Mackey, 2013). As Tepper 

(2000) emphasizes, it is respectively observed in managers 

who have adopted abusive management that a) the manager 

does not correct or change these behaviors even though s/he is 

aware of it, b) the employee who is exposed to abusive 

management maintains the relationship with the manager who 

exhibits this management style, c) this behavior will be 

permanent unless the manager who exhibits abusive 

management ends the relationship with the employee. As a 

matter of fact, the abusive management becomes more evident 

because of reasons such as employee's anxiety and fear of 

losing his job, not being able to object to the manager, feeling 

powerless against the manager, economic concerns, rush and 

anxiety due to failure to find a new job (Tepper, 2000). 

 

2.4. Psychological Contract Perception 
As defined by Aselage and Eisenberger (2003), the 

relationship between the employee and the organization is a 
type of relationship based on mutual exchange in which the 
employee responds with time, effort and individual elements 
such as belonging to the organization, in return for the material 
and moral elements provided to the employee by the 
organization. This way which is used to define the mutual 
exchange between the organization and the employees is 
called the psychological contract (Rosen, Chang, Johnson, & 
Levy, 2009: 204). The most general and common definitions 
of psychological contracts are the beliefs of the employees 
about the terms and conditions of the mutual exchange 
agreement with the other party (Rousseau, 1989: 123) and an 
implicit contract that reveals the expectations of the parties 
about what they will receive from each other and what they 
will give to each other in the relationship between the 
individual and the organization (Kotter, 1973: 92). 
Psychological contracts that go beyond official legal 
employment contracts include the beliefs of employees about 
what they consider a right to receive from their employer or 
what needs to be received personally. In fact, employees 
believe that the employer makes some kind of promise in a 
way that guarantees to keep them (Robinson, 1996). 
Psychological contracts which are considered a kind of 
employee perception (Rosen et al., 2009) include the ability of 
the employer to respond through certain resources in response 
to what the employee puts forward and presents for the 
organization (Schein, 1980). This relationship that is 
developed with the exchange of social and emotional resources 
emerges according to the level of fulfillment of the 
expectations from the employee towards the organization 
(Kiewitz, Restubog, Zagenczyk, & Hochwarter, 2009). 

Divided into relational and operational (MacNeil, 1995), 

psychological contracts are formed in three different ways. 

The first of these is the explicit and/or implicit promises made 

by the party that has a relationship with the employee during 

the job interview. Mutual obligations are determined in the 

communication between colleagues and the manager after the 

job is started. In this way, the employee creates a contract that 
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is set individually as well as the official contract. Secondly, 

employees develop a prediction regarding the obligations they 

must fulfill by observing the operation and policies in the 

working environment. As the third and also the last element, it 

is possible to state that the employer or the organization 

enables the employees to form a psychological contract by 

transferring information about performance evaluation 

methods, rewarding processes and organizational culture 

(Rousseau, 1990). From these expressions, it is possible that 

this perception formed in the minds of the employees is an 

individual evaluation (Coyle-Shapiro, Pereira-Costa, Doden, 

& Chang, 2019) there can be a perception that the contract is 

not fulfilled by the employer (Robinson, 1996). This situation 

that is called the perception of psychological contract violation 

is defined by Morrison and Robinson (1997: 230) as the failure 

of the organization to fulfill one or more obligations in the 

individual's psychological contract in proportion to the 

individual's contributions to the organization. The assumption 

by Zuber and Hammon (2002: 43) that there will be emotional 

loss and even disappointment as a result of not fulfilling the 

promises given and the expectations of the employee and the 

trust will be harmed supports the statements of Rousseau 

(1989; 1990) with the emphasis on the interpersonal and at the 

organizational level (Thomas and Anderson, 1998). 

 

2.5. Relationships Between Concepts 
H1: Abusive management has a negative significant effect 

on job embeddedness. 

There is no study on the concept of abusive management in 
airline transport companies. 

H2: Psychological contract perception has a positive 
significant effect on job embeddedness. 

Elden (2020) analyzes the effect of psychological contract 
violation on job performance in the employees of airport 
ground services. A survey was applied to 247 employees of 
airport ground services in various provinces. As a result of the 
analysis, a negative and significant relationship was found 
between psychological contract violation and job 
performance. 

H3: Abusive management has a negative significant effect 
on perceived organizational support. 

There is no study on the concept of abusive management in 
airline transport companies. 

H4: Psyhocological contract perception has a positive 
significant effect on the perceived organizational support. 

There is no study on the concept of abusive management in 
airline transport companies. 

H5: Perceived organizational support has a positive 
significant effect on the job embeddedness. 

Özsavaner (2019) analyzes the effects of organizational 
justice and perceived organizational support on the subjective 
well-being of aviation ground services. As a result of the 
survey conducted on 182 employees at Istanbul Airport of a 
ground service company with a Class A work license, it was 
concluded that organizational justice and perceived 
organizational support had a positive effect on subjective well-
being. 

In the study on the mediation function of work-life balance 
in the link between perceived organizational support and 
organizational commitment, Özgül et al. (2020) evaluate cabin 

attendants. In the study, 258 cabin attendants participated in a 
survey. The analysis led to the conclusion that organizational 
support and organizational commitment dimensions play a 
partly mediating role. 

Aydemir (2021) explores the connection between 
organizational culture, intrapreneurship behavior, and 
perceived organizational support in the Turkish aviation 
sector. This study, which involved 235 employees and a 
survey, found that organizational culture and perceived 
organizational support had a substantial impact on a group of 
airline employees' inclinations to engage in intrapreneurship. 

H6: Perceived organizational support has a mediation role 
in the effect of abusive management on job embeddedness. 

There is no study on the concept of abusive management in 
airline transport companies. 

H7: Perceived organizational support has a mediation role 
in the effect of the psychological contract on job 
embeddedness. 

Elden (2020) analyzes the effect of psychological contract 

violation on job performance in the employees of airport 

ground service. A survey was applied to 247 airport ground 

services employees in various provinces. As a result of the 

analysis, a negative and significant relationship was found 

between psychological contract violation and job 

performance. 

 

3. Methodology 
 
3.1 Research Model 

The data of the research were collected from the full-time 

employees as ground services personnel in the organizations 

operating within the scope of air transport in Istanbul through 

surveys. The obtained data were analyzed using SPSS and 

SEM-AMOS package programs. 

 

3.2. Universe-Sample (Research Group) 
The research group is the ground services personnel in 

aviation organizations. 

 

3.3. Data Collection Tools 
During the research process, an online survey form was 

prepared for the participants. First of all, the consent form was 
presented to the participants in the form by stating the 
permission obtained from the ethics committee (The Decision 
of Social Sciences Ethical Committee dated 27.08.2021 and 
numbered 2021/9 of Rectorate of Istanbul Aydın University 
Ethical Committee of Social and Human Sciences) required 
for the research. The purpose of the research was explained, 
and it was stated that participation in the research was 
completely voluntary. Employees of airline companies 
operating in Istanbul were included in the study. In this state, 
the universe of the study consists of approximately 45000 
people. There are five sections to the survey form. An 
information form for sociodemographic details can be found 
in the first section (age, gender, marital status, education level, 
seniority in the institution). The second, third, fourth, and fifth 
sections, consecutively, provide the scales that were utilized to 
test the study model. 

Job embeddedness scale, Job embeddedness scale which 
was developed by Crossley et al. (2007) and adapted into 
Turkish by Kesen and Akyüz (2016), consisting of seven 
statements and one dimension was used. In the scale, there are 
statements such as I am too devoted to my job to leave my 
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institution., I cannot leave this institution easily when I think 
of what my institution has provided me. The Cronbach's alpha 
value of the original scale was 0.88, the Cronbach's alpha value 
of the Turkish version was 0.91, and the Cronbach's alpha 
value in the study was 0.96. 

Perceived organizational support scale, An eight-
statement short form of the perceived organizational support 
scale developed by Eisenberger, Huntington, Hutchison, and 
Sowa (1986) with 36 statements, abbreviated by Eisenberger 
et al. (1997) and adapted into Turkish by Dirican (2020) was 
used. In the scale, there are statements such as My institution 
really cares about my well-being and welfare., My institution 
is proud of my achievements at work.. The Cronbach's alpha 
value of the original scale was 0.93, the Cronbach's alpha value 
of the Turkish version was 0.92, and the Cronbach's alpha 
value in the study was 0.93. 

Abusive management scale, A five-statement version of 
the abusive management scale, which was first developed by 
Tepper (2000) with 15 statements, shortened by Mitchell and 
Ambrose (2007) and adapted into Turkish by Ülbeği, 
Mimaroğlu-Özgen and Özgen (2014) was used in the study. In 
the scale, there are statements such as My manager says my 
thoughts or feelings are ridiculous., My manager says I am 
incompetent.. The Cronbach's alpha value of the original scale 
was 0.89, the Cronbach's alpha value of the Turkish version 
was 0.97, and the Cronbach's alpha value in the study was 0.91. 

Psychological contract perception scale, The five-

statement psychological contract perception measure, created 

by Robinson and Morrison in 2000 and translated into Turkish 

by Çetinkaya and Özkara in 2015, was utilized. Statements like 

Almost all the promises made to me during the recruitment 

process have been met and Promises made to me so far have 

been properly fulfilled can be found in the scale. The Turkish 

version's Cronbach's alpha value was 0.94, the original scale's 

Cronbach's alpha value was 0.92, and the study's Cronbach's 

alpha value was 0.98. 

 

3.4. Data Analysis 
While exploratory factor analysis (CFA) and confirmatory 

factor analysis (CFA) were performed to test the validity of the 

scales used in the research, Cronbach's alpha coefficient values 

were checked to test their reliability. Path analyses were 

performed on SEM-AMOS to test the hypotheses in the 

research. The bootstrap method was preferred in testing the 

mediation role. 

 

 

 

 

 

 

4. Result and Discussion  
 

4.1. Findings of the Sample 
The sample of the study consists of 294 participants. 

According to the findings including the socio-demographic 

characteristics of the participants, 62.2% of the 294 

participants were female (n=183) and 37.8% were male 

(n=111). The smallest age value of the participants is 20, the 

highest age value is 49, the mean age is 32.83, and the standard 

deviation is 6.567. Considering their marital status, it is 

observed that 51% of them are single (n=150) and 49% of them 

are married (n=144). Their education levels are predominantly 

associate degree (41.2%) and undergraduate (37.4%). For their 

seniority in the institution, 7.5% is less than 1 year, 31.6% is 

1-5 years, 30.6% is 6-10 years, 19% is 11-15 years, 9.5% is 

16-20 years and 1.7% is 21 years or more. 

 

4.2. Findings of Exploratory and Confirmatory Analysis 

As Yılmaz and Bilge (2018) state, the measurement model 

which is a structural model that indicates the relationship 

between the observed variable(s) and the latent variable(s), 

includes four variables within the scope of the research. Before 

testing the hypotheses in the research, the compatibility of the 

measurement model with the data was checked (Anderson & 

Gerbing, 1988). For this purpose, CFA was performed with the 

maximum likelihood method (Jöreskog and Sörbom, 2006). 

As a result of CFA, it is understood that the fit index values of 

the measurement model (Cmin/df= 2.038; CFI= 0.972; NFI= 

0.947; AGFI= 0.884; RMR= 0.023; RMSEA= 0.060; SRMR= 

0.0425) are in the acceptable range (Hu and Bentler, 1998). 

Besides, as indicated in Table 1, the CFA values of the 

variables indicate that each factor is loaded separately. It is 

understood that the standardized factor loads in the 

expressions of the variables are loaded above 0.60 and the 

values are between 0.729 and 0.964. 

Convergent validity, average variance extracted (AVE) 

and composite reliability (CR) values of the scales included in 

the study were examined (Fornell & Larcker, 1981). 

According to the AVE and CR values in Table 1, it is above 

the critical threshold values (AVE> 0.50; CR> 0.70) (Bagozzi 

ve Yi, 1988; Fornell ve Larcker, 1981). Additionally, the fact 

that each of the statements of the scales had a factor load of 

more than 0.60 indicates that the scales represent good 

convergent validity. When the discriminant validity is 

examined (Table 2), it is seen that the square root of the AVE 

value for each scale is higher than the correlation value 

between the variables (Aytaç et al., 2018; Hair et al., 2009). 

According to this finding, it is understood that the discriminant 

validity of the scales was ensured (Fornell and Larcker, 1981). 
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Table 1. Confirmatory Factor Analysis 
Statements of the scales Factor Load AVE       CR 

Job embeddedness  0.69 0.96 

1. I belong to this organization. 0.863   

2. It is hard for me to leave this organization.  0.913   

3. I am too devoted to this organization to leave. 0.907   

4. I feel connected to this organization. 0.869   

5. When I think about what my institution has provided me, I cannot easily leave this institution. 0.922   

6. It is easy for me to leave this organization. (T) 0.914   

7. I am strongly attached to this institution. 0.906   

Cmin/df= 2.357; CFI= 0.993; NFI= 0.988; AGFI= 0.936; RMR= 0.008;  

RMSEA= 0.068; SRMR= 0.0111 

   

 Factor Load AVE CR 

Perceived organizational support  0.66 0.96 

1. My institution sees my contributions to the institution and cares for me. 0.791   

2. My institution does not see the extra effort I put into the institution. (T) 0.814   

3. My institution does not consider the complaints from me. (T) 0.799   

4. My institution truly cares about my well-being and welfare. 0.833   

5. My organization does not always realize that I am doing my best at work. (T) 0.826   

6. My organization cares about my overall satisfaction at work. 0.823   

7. My institution does not care about me at all. (T) 0.816   

8. My institution is proud of my achievements at work. 0.729   

Cmin/df= 1.343; CFI= 0.998; NFI= 0.991; AGFI= 0.963; RMR= 0.007;  

RMSEA= 0.034; SRMR= 0.0097 

   

 Factor Load AVE CR 

Abusive Management  0.68 0.91 

1. My manager makes fun of me. 0.946   

2. My manager says my thoughts or feelings are ridiculous. 0.831   

3. My supervisor humiliates me in front of others. 0.766   

4. My manager makes negative comments about me to others. 0.825   

5. My manager says I am incompetent. 0.740   

Cmin/df= 1.830; CFI= 0.996; NFI= 0.996; AGFI= 0.962; RMR= 0.006;  

RMSEA= 0.053; SRMR= 0.0167 

   

 Factor Load AVE CR 

Psychological contract perception  0.81 0.95 

1. Almost all the promises made to me during the recruitment process were fulfilled. 0.956   

2. Since I was hired, I think that the promises made to me have been fulfilled. 0.964   

3. The promises made to me so far have been perfectly fulfilled. 0.857   

4. Considering my contributions to the place where I work, all the promises made to me have been fulfilled. 0.884   

5. Most of the promises made to me have been kept, as I have fulfilled my duties in my contract. 0.860   

Cmin/df= 1.408; CFI= 0.999; NFI= 0.997; AGFI= 0.971; RMR= 0.003; 

RMSEA= 0.037; SRMR= 0.0028 

   

Measurement model 

(Cmin/df= 2.038; CFI= 0.972; NFI= 0.947; AGFI= 0.884; RMR= 0.023; RMSEA= 0.060; SRMR= 0.0425) 

4.3. Findings of Descriptive Statistics and Correlation 
Analysis 

The mean (X (Av.)), standard deviation (S.) and correlation 

coefficients for the variables in the research model are given 

in Table 2. 

 

 

 

 

 

Table 2.  Correlation Analysis

 X (Av.) S. 1 2 3 4 

1. Job embeddedness 3.76 0.722 (0.83)    

2. Perceived organizational 

support 
3.63 0.779 0.825** (0.81)   

3. Abusive management 1.81 0.481 -0.146* -0.134* (0.82)  

4. Psychological contract 

perception 
3.22 1.018 0.680** 0.717** -0.074 (0.90) 

Note: N= 294; X (Mean)= Mean; S.= Standard Deviation; The values in parentheses are the square root of the AVE values of the variables. 

**p<0.01; *p<0.05 
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For the values in the table, it is observed that the level of 

job embeddedness of the participants is higher than the other 

three variables (Mean= 3.76), the evaluations of abusive 

management in their organizations are relatively low (Mean= 

1.81), and abusive management is in a negatively related to the 

perceived organizational support and job embeddedness (r=-

0.134, p<0.05; r=-0.146, p<0.05, respectively). The 

psychological contract perception was positively related to the 

perceived organizational support and job embeddedness 

(r=0.717, p<0.01; r=0.680, p<0.01, respectively). It was found 

that the perceived organizational support was positively 

related to job embeddedness (r=0.825, p<0.01). 

 

4.4. Findings of Hypothesis Test and Mediation Effect 
Path analysis was conducted to evaluate the bootstrap 

method in order to test whether perceived organizational 
support plays a mediating role in the relationship between 
abusive management and psychological contract perception 
and job embeddedness. In the data set showing the normal 
distribution, the tests related to the hypotheses of the research 
were made with the AMOS package program. Firstly, the 
measurement model which includes abusive management, 
psychological contract perception, perceived organizational 
support and job embeddedness was tested. When the 
goodness-of-fit values of the relevant model (Cmin/df=2.038; 
CFI=0.972; NFI=0.947; AGFI=0.884; RMR=0.023; 
RMSEA=0.060; SRMR=0.0425) are analyzed, it is understood 
that the model is confirmed. After the validated measurement 
model, the hypotheses were tested respectively. According to 
the results of the structural model, it was found that while 
abusive management which is one of the independent variables 
did not have a significant effect (ß=-0,064, S. H.=0,098, 
p=0,510) on job embeddedness which is a dependent variable, 
psychological contract perception which is another 
independent variable had a significant effect (ß=0,480, S. 
H.=0,035, p<0,01) on job embeddedness that is a dependent 
variable. According to these findings, while the H1 hypothesis 
is not supported; H2 hypothesis was supported. In another path 
diagram within the scope of the research, it was found that 
abusive management which is one of the independent variables 
affected the perceived organizational support which is the 
mediating variable (ß=-0.255, S. H.=0.104, p<0.01), and 
similarly, psychological contract perception which is another 
independent variable significantly affected the perceived 
organizational support, which is the mediating variable, 

(ß=0.535, S. H.=0.035, p<0.01). According to these findings, 
H3 and H4 hypotheses were supported. When the effect of 
perceived organizational support which is the mediating 
variable on the job embeddedness which is a dependent 
variable, (ß= 0.795, S. H.= 0.046, p<0.01) is analyzed, it is 
understood that the effect is significant. Based on the findings 
obtained, the H5 hypothesis was supported. 

Through the inclusion of the perceived organizational 
support, which is the mediating variable into the model, it was 
found that the path drawn from abusive management which is 
one of the independent variables to job embeddedness which 
is the dependent variable was significant (ß=0.142, S. 
H.=0.056, p<0.01), and that perceived organizational support 
and abusive management explained 572.8 of the change in job 
embeddedness. It is observed that the goodness-of-fit values 
(Cmin/df=2.175; CFI=0.972; RMR=0.023; RMSEA=0.063; 
SRMR=0.0465) of the model are in the acceptable range. In 
the mediation analysis performed with the bootstrap technique, 
it was found that the indirect effect of abusive management on 
job embeddedness through the perceived organizational 
support (ß=-0.129, 95% CI [-0.269; 0.011]) was significant. 
According to this finding, it is shown that perceived 
organizational support has a mediating role in the relationship 
between abusive management and job embeddedness. In this 
case, hypothesis H6 was supported. 

On the other hand, it is understood that the path drawn from 

psychological contract perception to job embeddedness 

remained significant (ß=0,537, S. H.=0,035, p<0,01) in the 

presence of the perceived organizational support which was 

included in the model with the psychological contract 

perception which is an independent variable in the study and 

that the psychological contract perception and job 

embeddedness explain 73.3% of the change. It is observed that 

the goodness-of-fit values of the model (Cmin/df=1.962; 

CFI=0.982; RMR=0.017; RMSEA=0.057; SRMR=0.0211) 

are in the acceptable range. In the mediation analysis 

conducted with the bootstrap technique, it was found that the 

indirect effect of psychological contract perception on job 

embeddedness through the perceived organizational support 

(ß=0.529, 95% CI [0.430; 0.626]) was significant. According 

to this finding, it is shown that perceived organizational 

support has a mediating role in the relationship between 

psychological contract perception and job embeddedness. In 

this case, hypothesis H7 was supported.

Table 3. Path Analysis 
 Dependent Variables 

Predictor Variables Perceived Organizational Support Job Embeddedness 

 ß SH ß SH 

Abusive Management  - - -0.064 0.098 

R2 - - 0.002 

Abusive Management  -0.255** 0.104 - - 

R2 0,022 - 

Abusive Management  - - 0.142*** 0.56 

Perceived Organizational Support - - 0.795*** 0.46 

R2 - 0.728 

Indirect Effect  
-0.129; 

%95 GA [-0.269; 0.011]                    

Psychological Contract Perception - - 0.480 0.035 

R2 - - 0.483 

Psychological Contract Perception 0.535** 0.035 - - 

R2 0.527 - 

Psychological Contract Perception - - 0.537*** 0.35 

Perceived Organizational Support - - 0.795*** 0.46 

R2 - 0.733 

Indirect Effect 
 0.529; 

%95 GA [0.430; 0.626] 
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5. Discussion and Conclusion 
 

     There are various factors that can affect employees in a 

managerial sense in organizations. These factors can connect 

employees more to the work and the organization, and on the 

other hand, they can psychologically and effectively distance 

them from the organization and work. The information and 

promises that employees receive from the organization can be 

a big determinant of whether they will remain in the 

organization or not. The concepts of abusive management, job 

embeddedness, perceived organizational support and 

psychological contract perception in the study are concepts 

that have a direct impact on the working life of people. 

 
     The level of job embeddedness of the participants in the 
study stands out compared to other factors. According to this 
result, it can be stated that the participants have no plans to 
leave the institution they work in for any reason. On the other 
hand, the opinions of the participants about abusive 
management for the institution they work in are at a positive 
level. It can be stated that they have not encountered an 
abusive management approach in the institution where they 
work. It is observed that there is a negative relationship 
between abusive management approach and organizational 
support and job embeddedness. It can be concluded that if the 
abusive management approach is applied, the perceptions of 
organizational support and job embeddedness will decrease. 
From another perspective, a positive relationship is observed 
between the perception of psychological contracts and 
organizational support and job embeddedness. It is stated that 
if the promises made to employees before starting work are 
fulfilled, the perceptions of organizational support and job 
embeddedness will be high.  

As a result of regression analysis, while abusive 
management does not have any effect on job embeddedness, it 
is observed that the psychological contract has a positive 
effect. Employees prioritize the fulfillment of the promises 
made to them before starting the job more than the concept of 
abusive management. Meeting the expectations built before 
starting a job stands out for the employees. Elden's study 
(2020), which produced unfavorable and substantial results, 
found a link between psychological contract violation and job 
performance. The outcome shown here backs up the current 
study. 

As a result of regression analysis, it is stated that abusive 
management has a negative impact on organizational support. 
It is reasonable that organizational support is gradually 
decreasing in an organization where there is an abusive 
management approach. On the other hand, it is observed that 
the psychological contract has a positive effect. In case the 
promises made to the employees before entering the job are 
fulfilled, there will be a positive reflection on the perception of 
organizational support.   

It is observed that if the perception of organizational 

support increases, it will have a positive effect on job 

embeddedness. Some organizational justice, organizational 

support, subjective well-being, and demographic parameters in 

the study by Özsavaner (2019) in an aviation service company 

reveal substantial disparities. According to Aydemir's study 

(2020), organizational cultures and perceived organizational 

support have a substantial impact on a group of airline sector 

employees' intrapreneurship behaviors (intentions). 

Additionally, it was discovered that the three research factors 

were statistically significant and connected with one another. 

Employees who feel organizational support are less likely to 

leave the institution for any reason. If the perception of 

organizational support persists in the presence of abusive 

management, this creates a significant situation on job 

embeddedness. Even if there is abusive management, if the 

perception of organizational support is established, the 

reflection on employees will be positive and the possibility of 

leaving the job will be reduced. Similarly, if the perception of 

psychological contract is supported by the perception of 

organizational support, it will be significant on job 

embeddedness. In such a case, the psychological contract will 

also support the formation of a positive perception through 

organizational support.  
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1. Introduction 

The aviation industry has been moving with a fluctuating 

graphic model for years. Looking at the events in the last 20 

years, the “Twin Towers” attack in the USA is one of the 

milestones of the aviation community. The resulting economic 

losses, the fact that the terrorists who carried out the attack had 

previously received pilot training in the USA, the air traffic 

stopped for 3 days and the decrease in the number of 

passengers caused some companies to go bankrupt and some 

companies to survive with difficulty (Cebeci, 2011). 

Therefore, many pilots were either re-investigated or 

unemployed. 

One of the epidemic diseases that most affected the 

aviation industry is the SARS virus, which emerged just after 

the 9/11 Twin Towers attack. The spread of the uncontrollable 

SARS virus, which broke out heavily in Canada, was later seen 

in more than two dozen countries, including North America, 

South America and Europe. Airline bulletins have been issued 

by the authorities to raise awareness about SARS precautions 

since it is mostly transported and dispersed by air. The 

bulletins describe the precautions that airline personnel should 

take, how the virus spreads, and how individual protection 

should be done (CDC, 2005). Like SARS, Ebola and MERS 

crises also showed their effects in the following years and 

caused the aviation industry to be disrupted and travel 

demands to decrease (LePan, 2020). The aviation industry and 

aviation workers were adversely affected by the falling 

demands. 

The economic crises experienced in the recent past have 

deeply affected the aviation and commercial air transportation 

sectors, as well as many other sectors, and even brought them 

to a standstill from time to time (ICAO, 2021). With the 2008 

global crisis, a decrease was observed in the demand for 

aviation, and people tended to travel with more economical 

vehicles instead of the aviation sector in this period. In this 

process, many airline companies in the world either had to 

close or downsized (John & Franke, 2011). Air transport, 

which showed a steady growth, experienced a sharp decline in 

2008-2009. This decrease was reflected as an economic loss to 

airline companies. Therefore, it was reflected on the pilots 

(Argun, 2018). 

Germanwings accident that took place in 2015 weighed 

heavily on Germanwings financially and as a result, they could 

not get out of this situation. They declared bankruptcy and 

transferred their aircraft to Eurowings Airline. The financial 
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burden and loss of prestige brought about by the accident put 

the airline in a difficult position (Martinez Garbuna, 2020). 

Nearly 300 pilots of the sinking company were left 

unemployed. On the other hand, the way the accident occurred 

became an important example in aviation history and caused 

some safety changes. Pegasus Airlines came to the fore with 1 

run-off event in 2018 and 2 in 2020, and 3 deaths occurred in 

the last incident. These incidents were not major accidents, but 

despite this, the company's share values fell. These declines 

caused both a loss and a loss of prestige for Pegasus Airlines 

(Tursun & Şahin, 2020). 

In total, companies that suffered losses either had to lay off 

their staff or had to resort to economic restrictions. This had a 

negative impact on their staff. 

Coronavirus epidemic (COVID-19) has been defined by 

the World Health Organization as an infectious disease caused 

by the SARS-CoV-2 virus. It has been stated that people 

infected with the virus will mostly be affected by the 

respiratory tract, and this effect will result in serious illness or 

death. It has been announced that the elderly or people of all 

ages with chronic diseases such as diabetes, diabetes, 

respiratory and cancer will be more affected by the virus 

(WHO, 2022). As of January 24, 2022, the number of people 

infected with COVID-19 infectious disease worldwide was 

announced as 349.641.119, and the number of people who died 

from the disease as 5.592.266 (WHO, 2022). In Turkey, 

serious declines were experienced in the tourism sector, which 

directly affects aviation. Compared to 2019, revenue from the 

tourism sector decreased by 52% in 2020. The number of 

tourists coming to Turkey in 2019 decreased from 52 million 

to 12 million in 2020 (TC Ministry of Culture and Tourism, 

2020). Country borders closed due to the pandemic and travel 

bans have caused a decrease in flight frequencies (ICAO, 

2021). Since the decreasing flights and the intensity of the 

airline pilots' flight schedules are parallel, the monthly flight 

hours of the pilots have decreased, even to zero in some 

months. Due to the decrease in economic income, some airline 

companies have closed completely, some have laid off their 

pilots, some have taken unpaid leave, and some have applied 

the part-time working method. This situation caused job loss 

stress on the pilots. 

All crises in the history of aviation have directly or 

indirectly affected pilots. Pilots have been affected by the 

crisis in psychological, economic, employment and 

performance aspects. From this point of view, it is clear that 

the COVID-19 pandemic will also affect the performance of 

pilots. 

As a matter of fact, according to a report published by 

Qantas Airlines, it was stated that an increase was observed in 

the mistakes made, including experienced pilots, upon the 

return of the pandemic. The shape of the errors, on the other 

hand, reveals that although there are simple errors, the pilots 

are surprisingly rusty. According to the published report, it was 

understood that the pilots started to make basic mistakes such 

as trying to move with the parking brake installed or confusing 

the altitude and speed indicators while in the air (AFB-SBS, 

2022). Observing that errors have increased in many 

procedures, from errors made in pre-flight cockpit preparation 

to external control errors, Qantas Airlines has stated that many 

more error events have been reported to ASRS (Pallini, 2020). 

So much so that at the very beginning of the pandemic, an 

Airbus A320 plane belonging to Pakistan Airlines crashed near 

Karachi Airport. Air traffic, which was closed on the day of 

the accident due to COVID-19, has been a few days since it 

opened. When the CVR records were examined, it was 

revealed that the pilots argued with each other about how they 

were affected by the pandemic throughout the flight and 

including the final approach, which is the riskiest part of the 

flight. They are so distracted by this issue that they approach 

the airport far above the altitude they should be. Even as they 

try to fix the altitude, their conversation about the pandemic 

continues and they forget to turn on the landing gear. The 

engines that hit the runway are damaged and both engines stall 

after taking off again (Euronews, 2020). This event has been a 

harbinger of the damage the pandemic will cause to aviation. 

Looking at the number of active aircraft in the fleets of 

airline companies, a 6% increase was recorded in the number 

of active cargo aircraft compared to 2020 and 2019, and it rose 

from 546 to 673 worldwide. However, the number of active 

passenger jets decreased from 2863 to 1639, with a great 

decrease of 44.3% in jet-powered passenger aircraft only 

(ICAO, 2021). Economic losses incurred by airline companies 

due to these decreases are quite heavy. Looking at Europe in 

general, airline companies have experienced losses of up to 

107 billion USD when compared to 2020 and 2019. 

Worldwide, this number has reached 372 billion USD ( ICAO, 

2021). The COVID-19 pandemic, which is considered to be 

the most severe economic crisis after the Great Depression, has 

caused the entire aviation industry to shrink by 50% on 

average (OECD, 2020). The decrease in the number of flights, 

the shrinkage of the sector and the unemployment of 13% of 

the flight personnel working in the sector adversely affected 

the aviation personnel (Sobieralski, 2021). 

Safety is always the first priority in aviation. However, it 

is the experience of the pilots that makes safety the first 

priority and the training that forms the cornerstone of this 

experience (Haslbeck, Eichinger & Bengler, 2013). Therefore, 

airline pilots should establish solid foundation stones in the 

pilot training phase so that they can manage their professional 

performance well (Mevlütoğlu, 2022). An Airbus A300-605R 

flight AA587 was caught in the wing turbulence of the B747 

aircraft taking off in front of it and started to swing. The first 

officer, who had the vertical stabilizer fully maneuvered in 

opposite directions to get rid of the turbulence, could not 

withstand the pressure created by the air flow on the vertical 

stabilizer and caused it to break. The aircraft, whose control 

was lost as a result of the broken piece, crashed into a 

residential area (FAA, 2010). In research after the accident, it 

has been revealed that American Airlines encourage its pilots 

to use aggressive vertical stabilizer control against turbulence. 

After this result, American Airlines made changes to their 

training and tried to correct mistakes. Many such training-

related accidents have occurred in the history of aviation (The 

Flight Channel, 2019). 
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Figure 1. Stress-Performance Graphic  

Airline piloting is a professional profession. With the 

professional infrastructure created as a result of the trainings 

he received, the pilots can perform the performance 

management professionally. However, sometimes human 

factors can come into play and prevent the person from 

managing his performance. Many other factors such as stress, 

sleep, private life, economic anxiety are some of the human 

factors that pilots are exposed to while managing their 

performance. It is possible to minimize these factors by 

working efficiently, improving efficiency and providing 

feedback (Akalın, 2019). Airline pilots are exposed to various 

stressors due to their work. These stressors may be related to 

the professional work life of the pilots or, when the human 

factor is considered, their private lives. In both possibilities, as 

in Figure 1, pilots who know these thresholds and keep the 

stress level at an optimum level are managing their 

performance (Schermerborn, Hunt & Osborn, 1988). 

From another point of view, it can be looked at how far the 

pilots are from the standards and limits set in order to manage 

their performance. Aircraft always operate within certain 

limits. Exceeding the specified limits or breaking the standards 

by exceeding the safety barriers can create dangerous 

situations. Therefore, standards and limits can be looked at in 

order to understand the level of flight performance of the 

aviators and to make the necessary management (Stein, 1984). 

 

 

Figure 2. Swiss Cheese Model 

The Swiss Cheese model shown in Figure 2 is one of the 

most effective models used for the resolution of accidents or 

incidents. According to this model, the cheese rings represent 

safety barriers. Examples of these barriers are checklists, 

ground attendants, tower attendants, limits, rules, procedures, 

and aids that reduce the error rate, such as documents. 

However, the last link of these barriers is the pilots. Pilots are 

the last authority to intervene in a problem that will endanger 

flight safety by overcoming all barriers (Reason, 1991). 

Therefore, the performance of pilots as the final authority is of 

vital importance in terms of flight safety. 

The performance of pilots in a flight operation is one of the 

main factors that directly affect flight safety. Considering the 

human factors, the performance of the pilots; It is directly 

affected by factors such as lack of communication, lack of 

theoretical knowledge, complacency, distraction, lack of 

teamwork, physical and mental fatigue, time pressure, stress, 

lack of awareness and lack of initiative (FAA Safety, 2022). 

In a flight operation, the intensity of the stress created by 

the flight on the pilots can be considered in direct proportion 

to the capability of the aircraft, the type of flight operation and 

the meteorology. According to studies, 19% of fatal accidents 

are caused by stress. Therefore, stress before and during the 

flight is an issue that needs to be managed (Soran, 2004). Pilots 

may have to make instant decisions during the flight. A pilot 

with a high situational awareness can make an important 

decision more confidently because he or she follows the 

previous step, anticipates the next step, and is aware of the 

events around him. This situation reduces the margin of error 

of the decisions taken (Kao & Jian Lin, 2010). 

One of the factors that cause errors during flight operation 

is distraction. Mental problems such as absentmindedness, 

economic situation, family life, personal issues can cause 

distraction; Factors such as physical changes in working 

conditions and the use of masks can also cause distraction 

(FAA Safety, 2022). 

Soran (2004) examined that even successful pilots are 

affected by stressors such as family life, economic conditions, 

working conditions and ways to cope with them. According to 

the research, 43% of the stressors mentioned the existence of 

organizational stress sources (Soran, 2004). Aydın (2019) 

mentioned that the human factor is effective in aviation and 

that the human factor should be examined from the perspective 

of technical and non-technical skills (Aydın, 2019). Erikçi 

(2020), in his research to determine the correct decision-

making processes of pilots, found that the pilots base their 

sudden decisions on knowledge, experience and self-

confidence. On the other hand, he concluded that he benefited 

from his teammates, operation teams, ATC, procedures and 

checklists in matters without time restrictions (Erikci, 2020). 

Kubal Güler (2014) stated in his research that the piloting 

profession is one of the three most stressful occupational 

groups and that the resulting stress can cause accidents. The 

researcher, who examined the preventability of the stress 

caused by the working conditions of the pilots and the factors 

that reduce the stress, suggested that it would be beneficial for 

the pilots to receive psychological counseling in order to 

prevent them from making the wrong decision under stress 

(Güler, 2014). Stein (1984), in his research that tried to 

measure the performance of pilots, found that the performance 

of pilots was proportional to their experience and workload. 

He stated that experienced pilots should focus on flying by 

undertaking less workload, while inexperienced pilots should 

reduce the workload on the experienced pilot, allowing the 

experienced pilot to make the right moves (Stein, 1984). 
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When these studies are evaluated, it is revealed that, 

together with the reality of COVID-19, airline pilots can be 

affected by crises today. With this study, it is aimed to examine 

the size of the effect and to reduce the effect of the next crises. 

1.1. The aim of the study 
The safety culture in aviation and the effort to optimize 

flight are the elements that come from the blood-writing of the 
rules in aviation and always progress cumulatively. Pilots are 
the final decision mechanism of flight operations in this 
important sector. It should not be forgotten that the pilots, who 
are the final decision to be made and the authority to take this 
decision into action, are human beings, not machines. 
Although the pilots are professional, when the human factor is 
involved, some measures need to be taken to prevent their 
performance from decreasing. However, when the human 
factors affecting decisions and actions are revealed, problems 
can be grasped more successfully and accidents or undesirable 
events can be prevented by making proactive moves (Mannan, 
2005). 

Pandemic and travel bans have caused a decrease in flight 
frequencies (ICAO, Operational Impact on Air Transportation, 
2021). Since the decreasing flights and the intensity of the 
airline pilots' flight schedules are parallel, the monthly flight 
hours of the pilots have decreased, even to zero in some 
months. It is thought that it would be beneficial for the aviation 
industry to examine the factors such as how the decrease in 
flight hours affects the piloting abilities of the pilots and 
whether the flight experience of the pilots has an effect on the 
infrequent flight schedule. Decreasing flight frequency has 
caused economic losses on airline companies. This situation 
had a direct negative impact on the income of the pilots. It 
should be examined whether the decreasing economic income 
has an effect on the job performance of the pilots in a 
psychological sense. Due to the decrease in economic income, 
some airline companies have closed completely, some have 
laid off their pilots, some have taken unpaid leave, and some 
have applied the part-time working method. This situation 
caused job loss stress on the pilots. It is of great importance to 
investigate the effect of this stress on the flight performance of 
the pilots who continue their work. 

In this study, the effects of the effects of the pandemic on 
the performance of the pilots were investigated. While the 
effects of the pandemic were taken as the independent variable 
in the study, the performance of the pilots was evaluated as the 
dependent variable. The research questions were determined 
as follows: 

• Does the fact that pilots fly less as a result of the 
decrease in flights due to the pandemic have an effect on the 
piloting ability? 

• Experienced pilots and inexperienced pilots are 
compared, is there a difference between the levels of being 
affected by the pandemic? 

• Did the economic concerns and job loss stress caused 
by infrequent flying affect the flight performance of the pilots? 

• Did the decrease in flight hours allow the pilots to rest 
more and get rid of the health problems caused by the flight, 
or did it cause them to lose their abilities (flying abilities) by 
getting away from the flight? 

• Did flying infrequently increase the workload of 

pilots, causing disruptions in procedural work and procedural 

skipping problems? 

 

2. Materials and Methods  

This research covers a total of 11.840 civilian pilots 

working in 10 civilian airline companies operating in Turkey 

as the main mass (SHGM, 2021). Since it was not possible to 

reach all of the main mass, it was aimed to participate in the 

surveys of approximately 300 pilots. 

A questionnaire scale was applied to the pilots 

participating in the study within the scope of the quantitative 

research. This scale is applied to evaluate the self-perceived 

performance of the pilots, to measure how their performance 

has changed compared to the pre-pandemic period, and what 

the underlying reasons are for these changes. The scale method 

applied is easy sampling (Büyüköztürk Ş. v., 2010). 

For the purpose of evaluating the performance of pilots by 

the authority within the scope of qualitative research, the 

results obtained by teacher pilots in simulator lessons, control 

flights and refresher exams were compared before and after the 

pandemic. This study was carried out as an interview study 

with teacher pilots. Data in the form of a voice recording was 

created and decoded (Büyüköztürk Ş. v., 2010). 

2.1. Data and Collection 
In this study, which used quantitative and qualitative 

research methods, data were collected by questionnaire 
method and interview method. These data cover the pandemic 
period and are made to measure the overall performance of 
pilots. For the survey method, related questions were taken 
from 5 different surveys and a new survey scale of 25 
questions was created by adding new questions. The new 
questionnaire created was called the “Perceived Pilot 
Performance Scale”. Ethics committee approval was obtained 
for the new questionnaire scale created. 

2.2. Validity and Reliability 
Reliability of the scale, which consists of statements about 

the determination of the problems experienced by the 
participants during the pandemic period, was determined to be 
0.94. The coefficient shows that the scale is reliable enough to 
be considered quite sufficient (Karagöz, 2016). After the 
reliability analysis, factor analysis was applied to the scale in 
order to test the construct validity. 

It has been determined that the scale consists of five sub-
dimensions. These dimensions were named as psychological 
impact, impact on flight performance, economic impact, job 
stress and anxiety, and organizational commitment. The KMO 
sample adequacy coefficient calculated in the factor analysis 
was determined as 0.91. The coefficient indicates that n=148 
questionnaires will be sufficient to reveal the factor structure. 
In addition the dimensions, shown in Table 1, obtained 
according to the result of the Bartletsphericity test, in which 
the significance of the factor structures were tested, were 
structurally valid (Barlet'sX 2=1525.11, p=0.01). 

Table 1. Evaluation of Dimensions  

Dimensions x ±ss 

Psychological Impact 3.33±0.83 

Effect on Flight Performance 2.39±0.57 

Economic Impact 4.36±0.64 

Job Loss Stress 3.44±0.84 

Corporate Commitment 3.11±0.56 
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3. Findings and Discussion  

3.1. Demographic Findings   
Demographic characteristics of the participants are as in 

Table 2. 

 
Table 2. General Characteristics of the Participants 

 n % 

Gender 
Male 128 86.5% 

Woman 20 13.5% 

    

How many 

years have you 

been flying? 

0-5 Years 78 52.7% 

6-10 Years 45 30.4% 

11-20 Years 12 8.1% 

21 Years and 

Over 
13 8.8% 

    

Task 
Captain pilot 38 25.7% 

First Officer 110 74.3% 

    

Age 

20-29 42 28.4% 

30-39 68 45.9% 

40-49 25 16.9% 

50-59 13 8.8% 

    

Flight Time 

0-1000 Hours 13 8.8% 

1001-2000 Hours 28 18.9% 

2001-3000 Hours 44 29.7% 

3001-4000 Hours 35 23.6% 

4001-5000 Hours 13 8.8% 

5001 Hours and 

Over 
15 10.1% 

    

Institution 

Sunexpress 79 53.4% 

Turkish Airlines 46 31.1% 

Pegasus 12 8.1% 

Other 11 7.4% 

 

3.2. Quantitative Research Results  
According the Table3, the psychological impact levels of 

the pilots are different according to their flight experience, and 

the difference is due to the fact that the pilots flying between 

11-20 years are less psychologically affected during the 

pandemic process. (p=0.02). 

It is stated that the psychological impact levels of the pilots 

are not different according to their seniority levels, and that the 

captain and first officers were affected psychologically at a 

similar level during the pandemic process (p=0.74). 

It was determined that the psychological impact levels of 

the pilots were different according to their ages, and the 

difference was due to the fact that the pilots aged between 50-

59 were more psychologically affected during the pandemic 

process (p=0.01). 

It was determined that the psychological impact levels of 

the pilots were different according to the flight hours, and the 

difference was due to the fact that the pilots with 4001 hours 

or more flight experience were more psychologically affected 

during the pandemic process (p=0.01). 

 

Table 3. Determining the Level of Psychological Impact of 

COVID-19 on Pilots According to the Characteristics of the 

Participants 

               Pilot Features 
Psychological Impact 

X±ss p 

Gender 
Male 3.34±0.86 

0.68 
Woman 3.25±0.68 

    

How many 

years have 

you been 

flying? 

0-5 Years 3.37±0.86 

0.02

* 

6-10 Years 3.43±0.77 

11-20 Years 3.08±0.71 

21 Years and Over 3.55±0.99 

    

Task 
Captain pilot 3.38±0.82 

0.74 
First Officer 3.31±0.84 

    

Age 

20-29 3.27±0.73 

0.01

* 

30-39 3.23±0.90 

40-49 3.37±0.76 

50-59 3.98±0.70 

    

Flight Time 

0-1000 Hours 3.12±0.65 

0.01

* 

1001-2000 Hours 3.14±0.96 

2001-3000 Hours 3.37±0.85 

3001-4000 Hours 3.27±0.83 

4001-5000 Hours 3.63±0.52 

5001 Hours and 

Over 
3.63±0.87 

    

Institution 

Sunexpress 3.30±0.82 

0.01

* 

Turkish Airlines 3.50±0.86 

Pegasus 2.82±0.79 

Other 3.44±0.74 

*Significant difference at 0.05 level 

 

As shown in the Table 4, it can be stated that there is no 

difference in the level of the effect of the pandemic on the 

flight performance of the pilots according to the flight years, 

and the flight performances of the pilots who are experienced 

in different years are similar during the pandemic 

process(p=0.23). 

It can be stated that the effect of the pandemic on the flight 

performance is not different according to the seniority of the 

pilots, and the flight performances of the captain or first 

officers are similar during the pandemic process. (p=0.56). 

Flight performances of the pilots flying between the ages 

of 50-59 were more affected during the pandemic process 

(p=0.01). 

It can be stated that there is no difference in the level of the 

effect of the pandemic on the flight performance according to 

the flight hours of the pilots, and that the flight performances 

of the pilots who have different flight hours are similar during 

the pandemic period. (p=0.33). 
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Table 4. Determining the Level of Effect of COVID-19 on 
Flight Performance of Pilots According to the Characteristics 
of the Participants 

 
Effect on Flight 

Performance 

X±ss p 

Gender 
Male 2.40±0.59 

0.74 
Woman 2.35±0.46 

    

How 

many 

years 

have you 

been 

flying? 

0-5 Years 2.37±0.58 

0.23 

6-10 Years 2.39±0.49 

11-20 Years 2.43±0.61 

21 Years and Over 2.55±0.75 

    

Task 
Captain pilot 2.36±0.59 

0.56 
First officer 2.41±0.57 

    

Age 

20-29 2.39±0.51 

0.01* 
30-39 2.37±0.60 

40-49 2.34±0.44 

50-59 2.63±0.78 

    

Flight 

Time 

0-1000 Hours 2.37±0.42 

0.33 

1001-2000 Hours 2.40±0.63 

2001-3000 Hours 2.37±0.55 

3001-4000 Hours 2.37±0.54 

4001-5000 Hours 2.45±0.61 

5001 Hours and Over 2.49±0.72 

    

Institution 

Sunexpress 2.32±0.61 

0.01* 
Thy 2.63±0.51 

Pegasus 2.12±0.38 

Other 2.24±0.34 

*Significant correlation at the 0.05 level 

 

It has been determined that, as stated in Table 5, the 

economic impact levels of the pandemic are different 

according to the years of flight of the pilots, and the level of 

economic impact of the pilots who have served for 21 years or 

more during the pandemic process is less than the other 

pilots(p=0.01). 

It has been determined that the economic impact levels of 

the pandemic are different according to the seniority of the 

pilots, and the economic impact levels of the first officers are 

higher in the pandemic process(p=0.01). 

It has been determined that the economic impact levels of 

the pandemic are different according to the ages of the pilots, 

and the economic impact levels of the pilots between the ages 

of 20-29 are higher in the pandemic process(p=0.03). 

It has been determined that the economic impact levels of 

the pandemic are different according to the flight hours of the 

pilots, and the economic impact levels of the pilots who have 

flown 5001 hours or more during the pandemic process are 

lower in the study (p=0.01). 

Table 5. Determining the Level of Economic Impact of 

COVID-19 on Pilots According to the Characteristics of the 

Participants 
 Economic Impact 
       X±ss     p 

Gender 
Male 4.36±0.65 

0.89 
Woman 4.36±0.58 

How 

many 

years 

have you 

been 

flying? 

0-5 Years 4.49±0.45 

0.01* 

6-10 Years 4.27±0.72 

11-20 Years 4.27±0.53 

21 Years and Over 3.90±1.08 

    

Task 
Captain pilot 4.13±0.75 

0.01* 
First officer 4.44±0.58 

    

Age 

20-29 4.41±0.52 

0.03* 
30-39 4.42±0.60 

40-49 4.19±0.60 

50-59 4.15±1.10 

    

Flight 

Time 

0-1000 Hours 4.54±0.27 

0.01* 

1001-2000 Hours 4.47±0.46 

2001-3000 Hours 4.48±0.51 

3001-4000 Hours 4.24±0.77 

4001-5000 Hours 4.35±0.54 

5001 Hours and Over 3.90±0.97 

    

Institution 

Sunexpress 4.35±0.65 

0.01* 
Turkish Airlines 4.49±0.45 

Pegasus 4.38±0.52 

Other 3.82±1.04 

*Significant correlation at the 0.05 level 

 

As a result of the regression analysis in the Table 6 below, 

it is seen that the level of being affected by the flight 

performance of the pilots is related to the stress of job loss, 

psychological impact and organizational commitment levels. 

 
Table 6. Regression Analysis 

The Dependent 

Variable 

Independent Variables 

Job Loss Stress (β) Psychological Impact (β) Corporate Commitment (β)  F Model RR 2 DD.W 

Effect on Flight 

Performance(Y) 

0.27 0.24 -0.22 24.46 

0.54 1.99 t = 12.44 t = 9.72 t =8,181 
(p=0.01) 

p =0.01 p =0.01 p =0.01 

* Regression analysis performed 
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When the results are examined, the levels of psychological 

exposure are affected by the increase in the levels of work 

stress and anxiety and the increase in the level of corporate 

commitment.  

 

3.3. Qualitative Research Results  
Participants were coded as P1, P2 and P3. Each participant 

works as an instructor pilot in a different airline company and 

they are experienced captain pilots with competencies in their 

fields. Participants were selected by non-random purposeful 

criterion sampling method  (Büyüköztürk, Kılıç Çakmak, 

Akgün, Karadeniz, & Demirel, 2020). 

The Effect of Infrequent Flying on Pilot Performance in the 
Pandemic 

As in every job done professionally, doing something 

infrequently in piloting skills causes a decrease in competence 

in that job. Decreasing flight frequencies during the pandemic 

process reduced the flight hours of the pilots and affected their 

performance. 

P1's statements on this subject are as follows; “At first there 

was some shyness. Compared to before the pandemic, that 

warmth, you can see that the mastery of the procedures turns 

into shyness after a long time. Your friends themselves are 

already explaining this. Since they do not fly very often, 

cooling and shyness occur. They say that it is difficult to 

concentrate and work during the pandemic.” “The pilots lost 

their flight skills. He forgot the procedures. Everything 

blurred. We are all human, there is the human factor.” 

P2 is; “The low motivation caused by the pandemic was 

seen in the piloting profession. As teachers, we intervene in a 

way that does not hinder flight safety.” “I repeat, flying is a 

business again. The training will need to be increased a little 

more.” and “Because we are teachers, we were able to 

overcome this. But the motivation of the newcomers was to fly. 

When they couldn't fly, their performance was affected as 

well.” expressed as. 

When the above statements are evaluated together with the 

quantitative research results, according to the result; 

• H1: The effects of the pandemic negatively affected the 

performance of the pilots, 

hypothesis is supported. 

The Effect of Flight Experience on Pilot Performance in 

Pandemic Conditions 

Pilots are divided into experience classes according to their 

flight hours. Inexperienced pilots felt the effect of the break in 

flight during the pandemic period in their performance due to 

their lack of experience. 

P1 used the following statements about how inexperienced 

pilots were affected by the pandemic; “Both the captain and 

first officers have it, but the copilots have it more. Captains 

also have stress, though not as much as first officers.”,” 

Everyone was affected by the pandemic. But the beginner first 

officers, the inexperienced first officers, were most affected.” 

P2 expressed his thoughts on this issue as follows; “I can 

say that they were less impressed by the first officers because 

the captains had more competencies, but if we do not include 

the age factor. Flight is a training job. Lack of experience will 

cause anxiety and poor performance. These are the observed 

elements. A copilot who has made 2000-3000 ILS approaches 

is less affected than a beginner copilot.” 

P3: “Experience is very important, but besides experience, 

it is necessary to know.” He emphasized that inexperience is 

more affected by pandemic conditions. 

When the above statements are evaluated together with the 

results of the quantitative research, according to the result; 

• H1a: The change in institutional commitment caused by 

the pandemic has varied according to the experiences of 

the pilots,  

hypothesis is supported. 

 

Pandemic on Flight Performance 

The pandemic has affected almost every sector 

economically. The aviation industry and pilots are in the group 

negatively affected by the pandemic. The resulting economic 

losses have turned into a source of stress for the pilots and 

mentally occupied their thoughts even in flight. 

Regarding the effect of economic concerns on the 

performance of pilots, P1 stated the following; First officers 

were most affected. They have debts both to the company and 

abroad. Managing that level of stress and waiting for him to 

come to the cockpit without commercial concerns is very 

immaterial. Cockpit chats have also changed. “What are we 

going to do, captain?”, “What will it be?” Unspoken topics 

began to be discussed. The primary reason for motivation is 

money. It has to be preserved.” 

P2, on the other hand, said the following about the 

economic concerns of the pilots; “A pilot with debt will force 

his economic conditions due to the pandemic”, “We are not 

machines, we have feelings. Being economically affected 

affects people's performance. We work to live. A person who 

cannot pay his child's school tuition is affected by surgery, 

even if he is a doctor. Being a pilot is also affected in flight.” 

P3; “In today's conditions, everything revolves around the 

economy. Affected rates increased from top to bottom, from 

instructor pilots to inexperienced copilots. It has been a great 

burden for our friends who have just started to work. During 

the flight, the person should be mentally comfortable and focus 

his brain on the flight. This situation caused problems for the 

friends and I think that this affected their flight performance.” 

He supported that the economic anxiety experienced by the 

pilots had an effect on their flight performance. 

When the above statements are evaluated together with the 

quantitative research results, according to the result; 

• H 1c: The economic effects of the pandemic affected 

inexperienced pilots more than experienced pilots. 

• H 1d: The psychological effect caused by the 

pandemic has affected the performance of the pilots, 

hypotheses are supported. 

4. Conclusion and Recommendations 

Safety always comes first in aviation. The architect of this 

ranking is the fact that the rules in aviation are written in blood. 

Throughout the history of aviation, the study of accidents has 

become a culture. The source of this culture is to reveal the 

factors that cause accidents with all its transparency and to 

prevent it from causing another accident. 

An accident that has occurred is examined in all its details. 

Not only the aircraft, but also all the data that may have an 

impact on the accident, such as the human factor, the weather, 

the history of the aircraft and the pilots, are investigated. 
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According to the statistics kept in the accidents that have 

occurred until today, around 70-80% of the accidents are 

caused by the human factor. The source of a malfunction in the 

aircraft may actually be a human factor. Accident investigation 

authorities analyze these factors to reveal the cause of the 

accident and develop new procedures and rules to prevent the 

same mistakes. However, this is not exactly a proactive 

approach. In order to reduce the accidents to zero, it is 

necessary to take a proactive approach and make risk analyzes 

to reveal and eliminate the factors that may cause the accident 

before the accident. 

Pilots receive numerous trainings to avoid mistakes. Their 

attention should be on the work they are doing, their minds 

should not be preoccupied with matters that do not concern 

flight. It is obvious that a pilot who had an argument with his 

wife and came to flight depressed cannot give 100% of his 

potential to the flight. A pilot who has problems with his 

economic problems cannot fully focus on the flight. Concerned 

about the future of his job, a pilot comes to the cockpit for fear 

of making a mistake. Many more such examples can be cited. 

In short, the pilots, who form the last link of the safety barrier, 

must be able to leave all the problems outside the door as soon 

as they enter the cockpit door. But pilots are a human, not a 

machine. 

Looking at the results, it is possible to divide the effects of 

the pandemic on the performance of pilots into three. The first 

of these is the low performance caused by the pilots taking a 

break from flying, the second is the effect of the pilots' 

experiences on the rate of being affected by the pandemic, and 

the third is the effect of the economic and mental conditions 

brought by the pandemic on the performance of the pilots. 

For experienced pilots, the negative effect of the pandemic 

on flight performance was seen as slight. For a pilot who had 

enough flight experience before the pandemic and whose 

mentality was imprinted in his engine memory, it took a few 

flights to return to his old performance in the cockpit after 

months of deprivation of flight. However, for a pilot who has 

just started his flight life, has not seen a winter or summer 

operation yet, and has not had any experience with abnormal 

situations, it cannot be said that flying is ingrained in the 

engine's memory. As a result of the break in the pandemic, the 

skills of inexperienced pilots have atrophied and they have 

turned into pilots who start over with each flight. This low 

performance left the experienced one of the two pilots in the 

cockpit alone and caused one of the firewalls to be disabled. 

This situation increases the workload of experienced pilots 

flying with inexperienced pilots. Therefore, inexperienced first 

officers can be shown as the most risky group. However, this 

does not change the fact that all pilots are adversely affected 

by the pandemic in terms of performance.  

It is a fact that the aviation industry enters into crises from 

time to time and the results of these crises negatively affect the 

performance of pilots. It has an important place in protecting 

the performance of pilots, preventing accidents and preventing 

greater material and moral losses. Measures to be taken can be 

divided into individual and corporate. As a professional, pilots 

must keep their lifestyle, economy, know-how and piloting 

skills ready for the worst-case scenario. He should keep 

himself ready to minimize the effects of the crisis by 

foreseeing that a new crisis will come after the end of the crisis. 

On the other hand, companies should always be in a 

transparent communication with their personnel in order to 

reduce the question marks in the minds of their employees in 

times of crisis. They should present the picture in front of them 

transparently to the employees so that the pilots can reduce 

their unknown equations. In addition, it can be a comforting 

factor for pilots to reduce the economic burden on their 

personnel by establishing economic funds to be used in times 

of crisis and to be saved at times of high income. With a 

proactive approach, increasing the number of simulators 

available, thus ensuring that pilots maintain their skills can 

also be considered as a solution. Finally, the civil aviation 

authorities, by organizing seminars and lectures while the 

pilots are still in the training stage, and explaining how to 

prepare for the crises that may occur in the future, based on the 

past events, will help to be prepared for the crises. In addition, 

during the selection stages of student pilot candidates, new 

models can be developed to be used in interviews by targeting 

the selection of candidates with the capacity to manage such 

long-term crises. Finally, in order to solve the problems when 

they are young, the units where the pilots can get psychological 

support (peering pilot) with peace of mind should be 

expanded, and the support given should be kept confidential in 

order for the meetings to be productive and sincere.  

Regardless of the conditions, it should not be forgotten that 

the piloting is a professional occupation, and it is always 

necessary to go forward by closing the gaps. Aviation culture 

requires putting safety before all personal and corporate 

interests. In future studies, it can be considered to investigate 

the factors that negatively affect the performance of pilots in a 

professional sense and to carry out studies to eliminate these 

factors. 
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1. Introduction  
 

The integration of world economy has changed the nature 
of the firms established as was seen from the rise in the number 
of multinational companies (MNC). Majority of these MNCs 
are seen to be located in the United States where in 2017 it was 
reported that almost 50% of the public companies in the 
country were MNCs (Erel et al., 2019). Although having 
similarities, these companies work differently than their 
national or international counterparts. Whether it is their 
turnover, sales, production systems or their financial 
management, MNCs can be referred to as unique entities. A 
multinational company (MNC) is referred to a company that 
has subsidiaries, branches or affiliates operating in different 
countries other than the parent country.  

Operating in many different countries means that processes 
need to be redefined and arranged, as there is a trans-boundary 
movement of goods and services, issues on the availability of 
skilled labor and cultural differences influencing management. 
For this reason, a MNC is only successful if they can be able 
to continue its operations uninterrupted having dealt with these 
problems. However, this is not the only problem faced by 
MNCs. With each expansion in operations, these companies 
seek to take advantage of locally available resources, and to be 
able to do this; they need to provide the sufficient amount of 
funds. It is usually established through a flow of funds from 
the parent to its subsidiaries or between the subsidiaries 

themselves. This means that there is a cost involved depending 
on the frequency and volume of funds that are transferred. It is 
very important for MNCs to minimize this cost as much as 
possible to be able to compete with their rivals to stay in the 
game. The realization of the potential multinational companies 
provide to world economy, their significance as an actor within 
they economic system makes it important to carefully 
understand and manage its financial policies, especially 
focusing on cash management. 

Working from the definition of MNCs, airlines are also 
referred to as one (Al-Kwifi et al., 2020) because they carry 
out passenger and freight transportation activities in many 
different countries outside their home country. They have 
investments, branches, sales offices and employees and 
customers from different nations from these countries. In 
addition, while airline companies want to maximize their 
company values, they have to comply with the regulations and 
rules of national and international establishments and 
organizations such as ICAO (International Civil Aviation 
Organization), IATA (International Air Transport 
Association), ECAC (European Civil Aviation Conference), 
JAA (Joint Aviation Authorities), JAR (Joint Aviation 
Regulations) which also points out to their multinational level. 
Airline companies are capital-intensive companies, and they 
can only meet the large amounts of resources (debt and equity) 
they need from international financial markets. They need 
international support and cooperation in issues such as 
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technology, maintenance-repair, spare parts and expert 
personnel in order to ensure the sustainability of their flight 
activities. Therefore, they do not just compete with their 
international rivals but also play a major role in many 
partnerships and strategic alliances (Amankwah-Amoah & 
Debrah, 2011). 

The highly competitive airline industry consists of over 
1200 different airline companies travelling between more than 
3500 different airports. Operating between various countries 
causes them to give extra care in their financial decisions. 
Especially after the Covid-19 pandemics, the aviation industry 
experienced serious problems as governments closed their 
borders and for a long period of time there were international 
ban on flights. It was reported that only in the first quarter of 
2020, there was a drop of 100 million airline passengers in 
Europe, which translated into a loss of 2 billion Euros. This 
loss began to increase exponentially in following few quarters 
turning this situation to the worst experienced by the aviation 
industry so far (Deveci et al., 2022). Therefore, airlines have 
focused on many different financial strategies to overcome this 
crisis whether it is for cost control, capital budgeting, or 
working capital management. Among these, airlines, be it 
legacy carriers or low-cost carriers; have also started paying 
more attention on their cash management strategies. For this 
reason, this study aims to analyze the cash management 
strategies adopted by a multinational airline company through 
modeling its cash flows and discussing various risk issues 
through a case study.  

The paper can be summarized as follows: Section two 

describes the cash management of multinational companies in 

general whereas Section 3 focuses on the cash management 

specific to an airline company. Section 4 presents an analysis 

of relevant literature on the topic followed by the Methodology 

in Section 5. However, Section 5 also provides the detailed 

purpose of the study explained before the relevant model, as 

well as a case study and findings. Section 6 concludes the 

study.  

 

2. Cash Management in Multinational Companies 
 

Journal It is known that an uncertainty experienced by 
businesses can translate into higher risks for them and 
therefore pressure them to hold more liquid assets. These 
assets are resources that can be readily used when needed. 
Cash is referred to the most liquid of them all and play a vital 
role in decision-making. However, businesses must hold the 
optimal amount of cash, as it does not generate additional 
earnings for the business when held as it is (Melvin & Norrbin, 
2013). MNCs face additional challenges in managing these 
liquid resources they hold as they operate using different 
currencies. Therefore, it can be said that the purpose of cash 
management in multinational companies is to minimize their 
cash holdings while maintaining the smooth functioning of 
their processes with minimal risk exposure. MNCs treasury, 
usually runs these set of activities determining the level of cash 
balances.  

Sometimes conflicts can arise while trying to pursue the 
objectives of international cash management making it even 
more complex. To give an example, in order to eliminate the 
possible political risk, a MNC would need to convert all its 
receipts to the currency used in its home country. While, on 
one hand, this would minimize political risk, on the other hand, 
its subsidiaries, affiliates may experience problems. Affiliates 
of an MNC located in different countries also have obligations 
to meet their operational requirements and hence, would need 

to hold some amount in their local currencies for working 
capital purposes.  

The level of cash held by MNC subsidiaries, which are held 
independently of their working capital management decisions, 
are partly to ensure normal daily cash payments are provided 
for and partly to provide protection against unexpected 
changes in the flow of cash to and from the company. First of 
these motives are referred to as the transaction motive whereas 
the latter is the precautionary motive of MNCs (Eitman, et al., 
2011). Besides the transaction and precaution motives, da 
Costa Moraes and Nagano (2014) also mentions about the 
speculative and bank reciprocity motives for holding cash. In 
other words, companies holding cash to meet bank 
requirements as well as to take advantage of the opportunities 
as they present themselves. 

The importance of cash management was seen to have led 
researchers focus on different aspects of cash management 
policies for many years. The possible advantages and 
disadvantages of companies holding cash were among the 
main area researched in earlier literature (Keynes, 1936; 
Myers, 1984; Jensen, 1986). More recent studies were referred 
to as being more focused on the variables affecting the level of 
cash held by corporations whether these are located in the US 
or in different countries (Kusnadi & Wei, 2011). Thus, 
defining the amount of cash resources to be held and the 
variables influencing it is widely studied yet still uncertain in 
its application.  

There are many directions the funds can flow in a MNC. 
These can be from the parent to the subsidiary, from the 
subsidiary to the parent, or between different subsidiaries. In 
terms of cash flows, and hence, cash management between 
their subsidiaries, these companies can perform International 
Cash Clearing and Processing, and wire transfers. The 
complexity in cash flows and making payments between 
different businesses, whether they are related or not, have led 
to a number of different methods to develop. Methods such as; 
bank transfers, cash pooling and payment network applications 
all exist to minimize costs related to cross-border payments 
and to simplify the processes. Regarding wire transfers, the 
Clearing House Interbank Payment System (CHIPS) and the 
Society for Worldwide Interbank Financial 
Telecommunication (SWIFT) are the two main computer-
based networks that are seen to be preferred by MNCs to 
process their transactions and payments in the international 
arena. CHIPS was established in 1970 and was referred to as 
the first step in computer-based networks to digitize interbank 
transactions on an international level. At the time the reason 
for introducing such a system was to make settlements faster 
and more efficient by replacing physical checks given by 
banks with bookkeeping entries that were digitized (Kalra, 
2019). Since banks are still the primary financial services 
provider for MNCs, they use CHIPS to process intercompany 
payment transfers globally. SWIFT is also a cooperative which 
functions as a communication system, which aims to provide 
a secure, fast and cost-efficient transfer of information 
between financial institutions. While CHIPS acts as an 
intermediary in financial transactions, SWIFT provides the 
instructions for the fund transfer (Baker & Aggarwal, 1994). 
This is one of the differences between the two systems. 

There are also certain techniques to optimize the flow of 
cash for MNCs. One of them is to generate and quicken the 
cash inflows. Secondly, cash transfers between subsidiaries 
needs to be carefully managed, especially on leading and 
lagging strategies. Another way is to focus on currency 
conversion and hence to employ techniques to minimize the 
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costs associated with currency conversion. Netting system is 
one of them. In order to minimize the transaction costs 
incurred due to fund movements, netting transactions are made 
between the companies or branches affiliated to MNCs by 
international finance managers. The cash management netting 
system is based on the netting of mutual debts and receivables 
(Yalçıner, 2012). On this basis, the payment obligation and the 
receivable position between the branches are determined with 
the help of a matrix. Intra-group payments will be reduced 
through elimination of counter payments. With netting 
transactions, both the number of fund transfers and the 
transaction cost will be reduced.  

Usually there are three types of netting systems, which are 
the bilateral, multilateral, and lastly, the centralized systems 
for settlement. The first system, bilateral netting, functions 
between two parties, whether it is between the two subsidiaries 
or between the parent and subsidiary. However, the 
multilateral system is more complex and the fund exchange is 
between parent as well as the subsidiaries. In the centralized 
system, fund transfers take place through the parent, there is a 
centralized pool (Srinivasan & Kim, 1986). Among these the 
multilateral netting system is highly used by MNCs. 
Considering that there are usually many companies or 
branches affiliated to the MNC; multilateral netting is carried 
out between affiliated branches. 

MNC subsidiaries or branches can manage their own 
minimum cash needs and surpluses based on their cash 
positions in certain periods and the cash inflow and outflow 
forecasts they obtain, apart from netting out their debt-
receivable relations among themselves. For example, these 
subsidiaries or branches will be able to minimize the financing 
costs that can arise from fund inflows and outflows by not 
sending the cash surplus immediately to the parent and instead 
holding it to meet the cash shortages they may have estimated 
for the following few days. 

In addition, MNC affiliations will decide according to the 

returns they are earning from the financial markets of the 

country in which they have the excess cash, and also to the 

risks they are exposed to (exchange rate risk and rate of return) 

in relation to the currency. Generally, if the local currency of 

the country in which it is located is predicted to be valuable in 

the future relative to the currency of the home country, the 

excess cash will be held in that local currency. In some cases, 

the subsidiary will send the excess cash to the parent company, 

but if cash outflows are not allowed to a foreign country 

outside the country of operation, rational investment strategies 

in favor of both the subsidiary and the parent company will 

need to be followed. For example, by investing in the country 

of operation the subsidiary company will gain profitability 

from exporting the goods produced by themselves to other 

subsidiaries abroad 

 
3. Cash Management in Airline  

 
As previously mentioned, because of its ready to use form, 

cash becomes a vital tool for businesses to have for their day-
to-day operations. Because it is such an important asset, with 
its alternative uses and costs, it must be ensured that it is 
neither too little nor too much at any given time, that is, it must 
be in the optimum amount. Therefore, just as any other 
business airlines must also appropriately manage their cash 
holdings. While a strong cash position can allow airlines to 
finance new aircraft purchases internally and reduce interest 
costs, a shortage of cash on the other hand can even cause them 
to file for bankruptcy. 

Airline companies, like other companies, hold cash for 
three main reasons: transaction, precautionary, and speculative 
motives. For airlines, the transaction motive relates to the use 
of cash to pay for daily operating expenses such as employee 
salaries, aircraft fuel and for maintenance. The holding of cash 
for the transaction motive is proportionally related to the level 
of business activity of the company, and the larger the airline, 
the greater the need for cash. Airlines may also hold cash to 
properly deal with seasonal trends, economic downturns or 
emergencies (precautionary reason). 

The situation is further complicated with the increase in 
prices of fuel and the economy taking a downturn. For this 
reason, airline companies need to be prepared for unexpected 
movements in cash flows and keep an optimum amount of cash 
in their reserves. This cash that is held for precautionary 
purposes acts as a protection for the company if faced with 
financial difficulty. The speculative reason for holding the 
cash is to be able to utilize profitable investment opportunities. 
Having cash for the speculative cause is usually not an 
important factor for airlines with very expensive capital 
projects, but for airlines faced with short-term profit-making 
opportunities, it can be a viable factor allowing rapid 
exploitation. The challenges faced by airline companies in 
terms of managing their cash can be classified under four 
headings. These are problems caused by cash shortages, 
having excess cash, fluctuations in the cash flow and lastly, the 
exchange rate fluctuations. 

In general, cash deposits do not provide a great return to 
companies, but many airlines view cash as a buffer against 
possible future bankruptcies, as they are vulnerable to cash 
flow problems. The industry is large, complex and capital-
intensive. An airline may face potential bankruptcy if the cash 
on hand does not meet its ability to pay current debts, and 
therefore a shortage of cash is a potential bankruptcy signal. 
Even under financial distress, cash availability is important in 
helping a company become stronger and coping with the 
distress itself. For airlines, the main aim of managing cash is 
for the company to have a sufficient amount to be able to pay 
their short-term liabilities and any interest payment that they 
incur, as well as to use it for investments (Brigham & Houston, 
2009). There are methods like forecasting cash or establishing 
strong relationships with stakeholders or checking credits that 
can be employed by managers to ensure that a company does 
not run out of cash. 

Not having enough cash is a big problem for all businesses, 
including airlines, while too much cash can also be a potential 
problem. Having more cash than necessary for a company's 
current liabilities and keeping this excess cash idle will reduce 
the profits that the company can make. However, it is called 
“cash burn” when a company spends the cash it has earned in 
the previous period in the current period or when it finances its 
expenditures with debt due to its lack of cash. According to 
IATA, more than $77 billion in cash was burned globally in 
the airline industry in 2020, that is, airline companies 
consumed their cash reserves to meet their fixed costs during 
the Covid-19 pandemic 
(https://www.iata.org/en/pressroom/pr/2021- 24-02-01/, 
Accessed 03.01.2022). 

While cash can be used to invest in long-term projects and 
activities, it is also used to invest in securities as short-term 
investments. Securities can be defined as types of investments 
that are short-term can be turned to cash quickly, and most of 
the time, generate small returns when compared to longer-term 
financial instruments (Block et al., 2014). The reason for 
investors to choose marketable securities is to generate some 
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amount of return from the idle cash. The company can sell 
marketable securities providing themselves both a high degree 
of liquidity as well as cash to pay its current debts. Given that 
a company should not have too little or too much cash, 
different industries use a wide variety of cash management 
models to determine the optimal level of cash to hold. These 
can be referred to as Baumol-Tobin and Miller-Orr models. 
Among them, the Miller-Orr model is a more realistic model 
because it assumes that cash inflows and outflows are irregular 
over time, that the company intervenes in cash inflows and 
outflows at a specified lower and upper cash level, and also 
because it optimizes cash holdings and opportunity costs. 

An important organization that assists cash management in 
the airline industry worldwide is the IATA Clearing House 
(ICH). IATA Clearing Services (ICS) is the department within 
IATA that deals with financial transactions between airline 
companies. The main service provided is, however, the ICH. 
According to IATA, the purpose of ICH is to “provide means 
for payment of all invoiced items shipped to and from airlines 
around the world” (IATA, 2014). Between airlines and their 
Travel Partners there needs to be an efficient closing of 
accounts and it must be done in the most time effective way as 
possible. This is probably where IATA Clearing House comes 
into the picture. They reduce the vast amount of multicurrency 
transactions taking place into a single transaction, to single 
payables account. IATA Clearing House uses a netting process 
to settle majority of the multi-billion transactions. This process 
enables them to reduce movement of funds to an absolute 
minimum and at the same time give both credit and currency 
protection to companies that uses it (IATA, 2014). 

IATA Clearing Services are used by more than 475 airlines 
on a weekly basis, and the amount of these transactions is 
around $49.5 billion annually (IATA, 2014). The fact that its 
customer base includes a large number of non-IATA airlines 
is a sign of ICH's importance. Therefore, they provide the 
setting to allow airlines to do business with one another, 
reducing transactions, as mentioned previously. ICH provides 
a relatively safe and secure environment while reducing costs 
and providing minimal risk to the individual airline. It would 
not be exaggerations to say that international air transport 
would operate much less efficiently and potentially come to a 
standstill without the service provided by ICH. Airlines in 
North America primarily use the Airline Clearing House 
(ACH) for intra-American billing, but agreements between 
ACH and ICH allow for "intermediate clearing" between the 
two entities, ensuring smooth transactions. However, a 
significant majority of the world's scheduled airlines use the 
IATA Clearing Services system for international flights. In the 
year 2019, reports indicated that the high number of 
transactions belonging to airlines and their related companies 
as well as travel partners were realized successfully at a rate of 
99.96% 
(https://www.iata.org/contentassets/c81222d96c9a4e0bb4ff6c
ed0126f0bb/iata- annual-review-2020.pdf, Accessed 
14.12.2021). 

In addition to the clearing house, IATA also provides the 
services such as IATA Financial Settlement Services (IFSS), 
Billing and Settlement Plan (BSP), Cargo Account Settlement 
System (CASS), IATA Currency Clearing Services (ICCS), 
Simplified Invoicing and Settlement System (SIS), and IATA's 
Enhancement and Financing (E and F). These services assist 
in: facilitating payments; simplifying processes such as sales, 
reporting, and remittance; invoicing and closing of accounts; 
global cash management; and solving disputes. Let's take the 
three members of the OneWorld alliance as an example: 
British Airways, American Airlines and Qantas. Due to 

extensive international code-sharing and revenue-sharing 
networks, large amounts of money will need to be exchanged 
between carriers when passengers book through the British 
Airways’ reservation system but fly on an American or 
Qantas-operated flight. Subsequent financial transactions will 
be accumulated by ICH before being sent to the appropriate 
airline, as opposed to each carrier having to manage and 
maintain international accounts with each of its partners. 
Interlining is the purchase of tickets for a flight using more 
than one airline, unlike intralining, which is the purchase of 
tickets for more than one connecting flight operated by the 
same airline. Thus, a passenger in New York can book a trip 
between New York and London using American Airlines, 
London to Dubai by British Airways and Dubai to Delhi using 
Emirates Airlines. The passenger will have a single eligible 
ticket with several coupons (or more likely an E-ticket these 
days), one for each sector of their journey. Each of the three 
airlines involved will willingly accept the reservation as they 
know they will be paid via ICH to carry the passenger. Thus, 
without ICH, thousands of bilateral agreements would have to 
be made between airlines that would not actually be 
enforceable. The total revenue the passenger pays for the New 
York-Delhi journey will be split between the airlines involved 
according to what are known as "proportionating principles", 
which in itself can be quite complex. Major airlines will have 
entire departments dealing only with interlining and 
proportioning. 

The key to ICH's success is that airlines pay their bills on 
time. The inability of even a large airline to meet its 
obligations on deadlines can quickly cause cash flow problems 
for the entire industry. If carrier companies in financial 
difficulties are unable to pay their bills, they are likely to be 
expelled from the ICH. Often such an issuance is followed by 
the airline declaring bankruptcy and ceasing operations, as it 
is extremely difficult for most international carriers to operate 
without access to ICH. This highlights once again the 
importance of the ICH system for the efficient functioning of 
the international aviation network. 

In addition to cost savings through net transfer of funds, 
ICH also simplifies the currency conversion process. While 
many airlines choose to hold a limited amount of international 
currency to cover regular expenses incurred abroad, a 
significant majority of international fund transfers will involve 
large foreign currency exchanges. However, even with the 
services provided by ICH, airlines face currency risk to 
currency fluctuations and valuations.  

 
4. Literature Review 
 

Cash is of great importance for companies to run their 

operations and ensure the necessary growth over time. 

Companies that have sufficient cash in their hands will be able 

to act more flexibly in their management and operational 

decisions. On the contrary, if there is not enough cash, the 

profitability of the companies may be affected; they may fail 

and even face the risk of bankruptcy. Therefore, the correct 

execution, use and control of cash management is of great 

importance for businesses today, because the value of the 

money held decreases over time, and they are faced with 

changing inflation figures. According to Yılmaz (1999), 

companies should aim to prevent unnecessary attachment of 

this cash to assets by keeping cash at the optimum level, and 

at the same time, they need to raise funds by increasing their 

non-operating income in order to utilize the cash they have. 

These are stated as priorities for effective cash management 

(Yılmaz, 1999). 
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Manoel and Moraes (2022), in their study, compared the 

cash policies of MNCs with those of non-MNCs in the Latin 

American environment (Argentina, Brazil, Chile, Colombia, 

Mexico and Peru) and found that multinational companies 

have higher cash levels to take advantage of greater growth 

opportunities abroad.   

However, the level of sufficient cash that companies must 

hold varies under different circumstances. The sector in which 

the companies are located, their credibility, supply chain 

management, buying and selling policies, receivables 

management, debts in foreign currency and macroeconomic 

factors are some of the important factors in determining the 

cash levels of the companies and regulating the cash flow 

(Galimidi, 2010). There are many studies in the literature on 

these factors. In their study, Fernandes and Gonenc (2016) 

investigated the relationship between the cash holdings of 

companies in 40 different countries and both geographical and 

industrial diversification, in line with the data covering the 

years from 1990 to 2011. As a result of the study, a negative 

relationship was found between both dimensions of 

diversification (multinational and industrial diversification 

level) and cash holding at the company level. The results 

indicate that MNCs can lower the average cash that they hold 

if they focus on achieving economies of scale when managing 

their cash holdings and expand/diversify into different areas. 

In addition, the results show that industrial diversification has 

a negative impact on cash assets. 

When the literature is examined, it is seen that most of the 

studies on the cash holding tendencies of multinational 

companies include American multinational companies (Foley 

et al. 2007; Pinkowitz et al. 2012; Gu 2017, Campbell et al. 

2018). In general, it is stated that American multinational 

companies hold more cash compared to those established in 

other countries and there is an increase in the amount of cash 

held over time (Bates et al. 2006; Foley et al. 2007; Gu 2017). 

Wu et al. (2017), when they conducted research on 

multinational companies in China, have stated that MNCs hold 

more cash due to globalization, but as long as sales to foreign 

countries are similar, it was found that there were no 

significant differences in cash holdings between multinational 

and national companies in the country. Ramirez and Tadesse 

(2009), on the other hand, obtained the opposite result and 

stated as a result of their studies that multinational companies 

hold more cash than national companies. 

However, it should not be forgotten that the two issues are 

different from each other, even though the terms between 

holding cash and cash management are basically the same and 

there is a connection between them. Companies may have 

different reasons for holding cash, but the two major reasons 

can be firstly to use it for making investments or to cover their 

losses. These reasons will determine the dynamics of the 

company’s cash management (Jiang and Wu 2022). These 

dynamics may vary depending on whether the companies are 

national, international or multinational, and there are also 

objectives adopted by all companies related to cash 

management. 

As Kabakçı (2011) stated, the points desired to be aimed 

with cash management at the national and international level 

do not differ from each other. It is based on accelerating the 

supply of receivables, extending the duration of payments, 

providing cash transfer between branches according to needs 

and directing excess cash to investments that will bring profit. 

The same is true for international and multinational businesses. 

One of the most important differences between multinational 

companies and international companies is that they produce 

and/or provide services in more than one country, as stated in 

the previous section. 

Although international companies need cash management 

mechanisms to reduce the volume and number of transactions 

on exchange rate-related transaction costs by considering the 

cash flows of their subsidiaries, a managerial decision that 

needs to be taken in multinational enterprises is cash 

management. It is about whether it will be centralized or not 

(Ünlü 2010). Doing business in different countries, being 

subject to different laws and volatility in exchange rates make 

cash management of multinational enterprises more 

complicated. However, although it is observed that necessary 

studies have been carried out to understand this complex 

structure, it is seen that the literature on the subject is quite 

limited. 

One of the comprehensive studies on the subject was made 

by Wündisch (1973), and in this study, the techniques used by 

multinational companies which were developed to minimize 

the opportunity cost of idle or misplaced cash were mentioned. 

At the same time, the changes in the attitudes of multinational 

banks were examined and an Optimum Decision Model was 

defined for these companies to manage their cash effectively. 

This proposed Multicurrency model was designed to detect 

misdirected and/or positioned funds within the system and to 

minimize idle cash. 

Masson (1983), like Wündisch (1973), has focused on cash 

management activities in multinational companies and 

developed a model to simulate these activities. In his work, he 

explains the use of the model on a hypothetical company. The 

developed model was seen to have focused on concentration 

banking and total cash position management. These areas 

primarily include the problems experienced in the movement 

of cash from a company's subsidiaries or sales points to a 

central account, as well as effective cash management. 

Another study which focuses on the cash management of 

multinational companies was conducted by von Eije and 

Westerman (2002). Discussing the effects of liberalization, the 

use of single currency, as well as how deregulation affected 

the cash management of multinational companies in the 

Eurozone, von Eije and Westerman (2002) state that 

developments in the region facilitate cash transfer and reduce 

the need to hold local cash. As a result of the study, it is stated 

that institutional changes in the euro area reduce the 

imperfections in the market and may eventually trigger 

centralization and disintermediation. Therefore, it is suggested 

that the removal of intermediaries after centralization may 

improve the internal financing function in MNCs. This can 

ultimately lead to an increase in the value of the multinational 

company. 

In another study by Westerman and von Eije (2005), it was 

stated that the liberalization of financial markets, low 

exchange rate volatility and the establishment of the single 

currency lowered costs relating to transactions and 

bankruptcies of multinational companies in Europe. They also 

state that it makes cash transfers in Inner Europe easier and 

cheaper, and that this makes it possible to centralize cash 

management activities. Therefore, they stated that 

centralization and disintermediation at the headquarters of 
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multinational companies provide cost savings in working 

capital, bank accounts, funding and bank relations. 

Tsamenyi and Skliarova (2005), in their study, have 

investigated how different or similar cash management 

practices in multinational companies in Russia and the 

Commonwealth of Independent States were, as well as 

observing the differences in their cash management practices. 

As a result of the study, they stated that there were difficulties 

in international finance and cash management practices in 

companies in both Russia and other countries under the 

Commonwealth of Independent States due to the bureaucracy, 

banking system and the volatility of the currencies used in 

these countries. 

So and Zhang (2022) investigated the impact of cultural 

heterogeneity on corporate cash holdings, focusing on 

multinational companies, and showed that the level of 

corporate cash holding is positively correlated with the degree 

of national cultural differences within a multinational 

company, in general, cultural heterogeneity of multinational 

management in the context of global operations. stated that it 

is important to take them into account. 

 

5. Methodology 

5.1. Purpose and Scope of the Study 

In the study, the aim is to model the cash inflows and 
outflows from the activities of a multinational airline company 
that has its headquarters located in Turkey. Also, part of the 
aim is to evaluate and interpret the risks arising from these cash 
movements by examining the subject within the framework of 
a case study.  

 

Figure 1.  Cash Inflows and Outflows of the International 
Airline Company 
Source: Author’s own creation 

Turkey's flag carrier airline company examined in the study 
has representative offices and ticket sales offices in various 
airports and cities in 128 countries, including Europe, 
America, Africa, the Middle East, and the Far East regions, 
apart from Turkey. In addition, it has flights to 330 
destinations in the world, and while it receives goods and 
services such as fuel and maintenance support from these flight 
points, it also provides direct or indirect similar support to 
foreign airline companies in Turkey. 

5.2. Model  
The airline company examined within the scope of the 

developed model provides cash inflows and outflows with 
banks via ICH, SWIFT and CHIPS systems. The model is 

given in Figure-1 below. The solid arrows in the figure show 
the cash inflow, the dashed lines the cash outflows. 

In Figure 1, cash inflows and outflows of an airline 
operating on a multinational scale is modeled. According to 
the model, the airline company in question is a member of 
IATA and benefits from the clearing services offered by the 
ICH. The cash inflows and outflows shown on the right side of 
Figure-1 are realized within this scope. On the left side, the 
cash inflows and cash outflows of the airline company using 
the CHIPS and SWIFT networks of non-ICH companies and 
organizations and banks are shown. All these cash inflows and 
outflows are controlled and managed by the accounting 
department at the airline company's headquarters. 

According to this model, the equations created for an airline 

company can be stated as follows: 

 

Net Cash Amount=Cash Inflows-Cash Outflows                 (1)                                                                 

Cash Inflows = [Entries from ICH + Entries from Other Banks]                                                                                    
(2)                                             

Cash Outflows = [Withdrawals from ICH + Payments via 
Other Banks]                                                                            (3)                           

In this study, cash inflows and outflows of a flag carrier 
airline operating in Turkey, as modeled above, are correlated 
with the balance sheet and cash flow statement given in the 
company's 2020 annual report and in Figure 2, comments and 
evaluations about cash changes are made.  

Figure 2.  Airline Cash Flows and Financial Statements 

Source: Author’s own creation 

Figure 3.  Airline Cash Flows 

Source: Author’s own creation 
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Cash inflows and outflows of a company in a certain 

accounting period are taken from its cash flow statement and 

can be classified under three sub-headings as operating 

activities, investment activities and financing activities. The 

cash inflows and outflows from ICH and banks to the airline 

company shown in Figure 1 are considered to be cash flows 

from operating activities, which are the net profit or loss for 

the period, and changes in working capital. Cash flows from 

investing activities arise from the purchase or sale of property, 

plant and equipment (aircraft), cash advances and debts. Cash 

flows from financing activities are mainly due to loan 

repayments and rent payments. 

Table 1. Cash Flow Statements (Million USD)  

       Accounts 2020 2019 

Begining Balance 2.075 1.636 

Cash Flow from Operating Activities                          389 2,111 

Net Income                                                                               (836)               

Cash Flow from Investing Activities (369) (1,016) 

Cash Flow from Financing Activities (284) (656) 

Net Change in Cash and Cash 

Equivalents 

(264) 439 

Ending Cash and Cash Equivalents 

Balance 

1.811 2,075 

Source:  Company’s 2020 Operating Reports.  

Table 2. Balance Sheet 2020 (Related Acconts- Mil. USD) 

Assets Liabilities & Stockholder’s Equity 

Current Asset  

 

                         

Cash and Cash 

Equivalents   

 

 

 

1811 

Liabilities 

 

Stockholder’s Equity  

                                                                            

Net Income                                       

 

 

 

(836) 

  Source:  Company’s 2020 Operating Reports 
 
5.3. Case Study and Findings 
   The relevant account items in the cash flow statement and 

balance sheet for the years 2019 and 2020 are given above. 

According to the cash flow statement given in Table-1; 438 

Million USD was created in 2019, TL -264 million USD was 

created in 2020, and the cash balance at the end of 2020 was 

1,811 million USD. The amount of cash generated decreased 

by 160 % compared to 2019. While the most important reason 

for the decrease in the amount of cash created was the Covid-

19 pandemic experienced. While a net profit of 788 million 

USD was recorded for the period in 2019 it was followed by a 

loss of 836 million USD. in 2020. If the cash flow statement is 

analyzed in terms of cash inflows and outflows; 

Cash Inflows = (from Operating Activities + from Investment 

Activities + from Financing Activities) = (2,699+784+3,963)= 

7446 million USD 

Cash Outflows = (from Operating Activities + from 

Investment Activities + from Financing Activities) = 

(2,310+1,153+4,247) = 7,710 Million USD  

Net Cash Flows = Cash Inflows - Cash Outflows = 7,446 

Million USD – 7,710 Million USD = -264 Million USD 

Cash inflows and cash outflows in 2020 are given in Table-3 

below. According to this table, the difference between cash 

inflows and outflows was – 234 million USD. In 2020, 53,2% 

of cash inflows and 55% of cash outflows were from financing 

activities. While cash inflows are derived from loans provided, 

cash outflows are from loan repayments and rent (leasing) 

payments. 

It is aimed that the inconsistencies that may occur in the 

short, medium and long-term cash inflows and outflows of the 

airline company will not disrupt the operational activity flow. 

In 2020, the airline company's cash inflows were 7,446 million 

USD, its outflows were 7,710 million USD and its daily 

average cash flow (2*7,746+7,710)/360= 65 million USD. 

Projections related to basic parameters are provided from the 

units of the company. Parameters that are the basis of cash 

flow in the airline company are fleet, capacity, flight 

frequencies, fuel consumption, number of personnel, 

occupancy rate, unit income, etc. can be specified as. 

Similarly, basic exchange rates, fuel prices, interest rates, 

inflation, etc. are used in cash flow forecasting. factors will 

also be influential. In this way, income, expenses, net cash 

flow and cash stock are estimated in the light of the above-

mentioned parameters. Forecasts can be made in 1 or 1.5 year 

periods with a monthly frequency. It is aimed to minimize the 

difference by analyzing the estimation in detail. The minimum 

liquidity procedure has been accepted at the airline company, 

and critical thresholds have been determined for the amount of 

cash. In the event that cash is predicted to fall below the 

threshold level in the estimation study, necessary actions are 

taken to procure external resources. 

Figure 4 below shows the modeling of the airline company 

according to the Miller-Orr model, in which the optimal cash 

balance and the lower and upper limits of the cash level are 

shown. According to the Miller-Orr model, the minimum cash 

level (L) is  50 Million USD,  the target cash level (Z) as 65 

Million USD., and the maximum cash level (H) as 100 Million 

USD. 
The minimum cash level determined by the airline company 

is determined as, 50 Million USD and when the cash level 
reaches the upper limit of 100 Million USD, the company will 
invest in securities of 100-65 = 35 Million USD and reduce the 
cash level by target or average amount. When the cash level of 
the company reaches the lower limit of 50 Million USD, the 
company will sell securities worth TL  15 Million USD (65-
50) in order to reach the target capital level and increase the 
amount of cash at this level. 

The airline company examined in the case study followed 
some strategies for the cash flow problems it experienced 
during the pandemic period. While foreign airlines received 
intense government support and reduced their personnel 
numbers during this period, this company managed to deal 
with the crisis using its own resources. After the short working 
practices employed and the agreement reached with the union, 
800 million USD were saved in personnel expenses. By 
reducing the planned advertising and marketing activities, a 
savings of 100 million USD was also achieved in this period. 
Approximately 100 million USD was saved due to the 
simplification of in-flight catering services, strong bargaining 
with suppliers, and discounts on airport payments. Together 
with the savings of 100 million US$ in other fixed and 
operational expenses, a total of approximately 1.1 billion USD 
was saved within the year. On the other hand, approximately 
300 million USD was cut in non-aircraft investment 
expenditures. As a result of flight cancellations and delays, the 
financing need for the 2021-2023 period was reduced by 7 
billion USD, contributing to short-term cash management 
planning. 
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Figure 4.  Optimal Cash Balance According to the Miller-Orr Model  

Source: Author’s own creation 
 

Due to flight cancellations within the scope of the measures 
taken during the epidemic period, approximately 1 billion 
USD worth of ticket refunds were made. As a result of the 
actions taken, the cash level at the end of 2019 was relatively 
preserved. Cash was generated in passenger operations with 
dynamic capacity management, higher occupancy compared 
to competitors and a positive contribution margin. The 
EBITDA figure, which indicates the cash generation potential 
of the partnership, was seen to have decreased by 40% in 2020 
compared to 2019, and stood at 1.9 billion USD, while the 
EBITDA margin was realized as 27.7%. Despite the decrease 
in the EBITDA amount, the aviation industry, which entered  

2020 with growth expectations despite the negative 
commercial and political developments that took effect in 
2019 due to the pandemic, faced an unprecedented crisis in its 
history due to the pandemic. 

Despite this, according to IATA expectations, due to the 
continuing cash burning in the first half of 2021, it is expected 
that support requests from the markets, banks and governments 
will continue in order to ensure the income-expenditure 
balance of airlines throughout the year. Airlines, which need 
more flexibility in their costs and cannot receive sufficient 
financial support, are expected to focus on industry 
consolidation. 

In terms of cash flow risk management, the airline pays 
attention to the establishment and implementation of an 
effective cash management policy. In order to manage cash 
flow risk effectively, forward-looking company cash flow 
estimation studies are carried out on a monthly basis. In 
addition, in order to ensure the continuity of the company, the 
minimum level of cash to be kept has also been determined. 
Current and future cash amounts are monitored according to 
this level and it is stated that necessary actions are taken to 
ensure that the minimum cash level is not dropped (THY 
Annual Report 2020). 

 

 

 

 

6. Conclusion 

Cash is vital for airlines operating globally, as it is in other 
industries. From executing day-to-day operations to exploiting 
new investment opportunities, airline companies must 
maintain an optimal level of cash. The amount of the cash level 
depends on a number of factors such as the company's activity 
level, alternative rate of return, the current conjuncture and 
international markets. 

There are few common points in previous studies on the 
topic by Ünlü (2010), Wündisch (1973), Masson (1983), von 
Eije and Westerman (2002), Westerman and von Eije (2005). 
These points are first to minimize the cash holding and 
transaction costs of multinational companies, to keep 
sufficient amount of cash in the company to evaluate the 
investment opportunities, to facilitate cash transfer between 
the multinational company and its sub-units, and to develop 
appropriate mechanisms and a central and intermediary cash 
management system. Within the framework of these 
approaches, in this research, it has been determined that the 
central system and mechanisms established for cash 
management in an airline company, which is a multinational 
company, are compatible with the literature and even this 
mechanism has been established within the body of IATA all 
over the world and clearing services are provided to member 
airline companies. 

The IATA Clearing House in the airline sector and 
technological developments in the banking sector offer airline 
companies important opportunities that can facilitate and 
safely carry out their international and national activities. With 
these opportunities, companies can reduce risks in cash 
management and operations and increase company values. 

The net cash flow and cash levels created by the companies 
can be monitored in the cash flow statements and balance 
sheets, and in this way, they can control from which sources 
the cash flows are obtained and where they are used. They aim 
is to be able to predict future cash levels for airline companies 
and to reduce cash flow risk by using methods such as models 
and forecasting techniques that are used to create a cash budget 
and determine the cash level. 
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Due to the Covid-19 pandemic, many airline companies 
have taken some precautions against cash flow crises. These 
are precautions such as achieving savings in personnel 
expenses by reducing the number of personnel, cancellation 
and postponement of aircraft purchases, cooperation and 
mergers with other airline companies and government 
supports are the main measures. However, companies that 
cannot manage the process and are financially weak should 
terminate their activities. However, companies that could not 
manage the process and were financially weak had to terminate 
their activities or go bankrupt. Today, airline companies both 
in Turkey and in other countries are considered to be in the 
recovery process. 

In this study, the net cash flows and the changes in the level 
of cash and cash equivalents account of the flag carrier airline 
operating in Turkey, which can be considered as an 
international company, were analyzed 2020. Cash flows and 
their relations with the IATA Clearing House were 
determined, evaluated and interpreted. The fact that there are 
very few studies in the national and international literature on 
the analysis, evaluation and interpretation of cash flows in the 
airline industry makes this study unique 
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1. Introduction  
 

The foundations of the emergence of civil aviation in the 

world were laid in the early 1900s. However, the separation of 

civil aviation from military aviation and becoming a sector 

took place after the Second World War (Aydın, 2021). Air 

transport is one of the indispensable services of daily life, 

especially in developed countries, such as health and 

communication services, and is essential for economic growth 

and social development. Air transport has an important role not 

only in developed countries but also in developing countries 

due to its significant impact on the tourism and trade sector 

(Aktepe & Şahbaz, 2010). As globalization necessitates access 

to people and resources, the demand for transportation and air 

transportation, which is one of the main transportation modes, 

is increasing (Walker et. al., 2019; Seçilmiş & Korap, 2017). 

Today, modern airports are considered as important economic 

units covering all activities related to tourism, entertainment, 

production, service and logistics sectors as well as providing 

transfer between air and ground transportation (Akça, 2020).  

The aviation industry, which has a global service network 

and interacts with many sectors, is rapidly taking its share from 

the positive and negative developments in the world. From the 

past to the present, many crises have occurred on a global 

scale, such as the Great Depression of 1929 (Black Thursday), 

the September 11 Crisis, the 2001 Economic Crisis and finally 

the Covid-19 Pandemic Crisis. The repercussions of these 

crises in the aviation industry were rapid and heavy. Many 

businesses in the aviation industry have downsized, airline 

companies have decided to reduce or even stop flights.  

According to the data of the International Civil Aviation 

Organization (ICAO), in 2020 compared to 2019; international 

passenger traffic decreased by 60%, the seat supply of airline 

companies decreased by 50% and there was a financial loss of 

approximately 370 billion dollars. In addition, airports lost 

$115 billion and air navigation service providers $13 billion 

during the same time period (ICAO, 2022). In Türkiye, when 

compared to 2019 and 2020, it was determined that domestic 

air traffic decreased by 31.78%, external air traffic by 60.82%, 

and total air traffic by 45.15% due to the effect of the pandemic 

(DHMI, 2021). During the Covid-19 Pandemic, businesses, 

airports, airlines and ground handling companies in the 

aviation industry had to make financial and operational 

adjustments according to the course of the pandemic.  

Aviation is perhaps one of the most damaged sectors, as 

the epidemic directly threatens human health and aviation is a 

people-oriented service sector. Flights came to a standstill due 

to the coronavirus, countries closed their borders for indefinite 

periods and restrictions were imposed on flights even on 

domestic routes, and as a result of this contraction, all 
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components in the sector were faced with the financial crisis. 

Researching these effects separately for each sector 

component is important in terms of learning from the past and 

guiding the future. In this study, the ground services side, 

which acts as a bridge between the airport, the airline and the 

customer, is selected and the effect on this component is 

investigated. 

Ground handling services are responsible for the following 

types of services: representation, passenger services, loading 

and control, reporting, ramp (ramp, cargo and mail, aircraft 

hygiene, unit loading goods control), aircraft line operations 

(airline maintenance, aviation fuel and oil), flight operation, 

transportation, catering, surveillance and data processing 

management, aircraft private security services and inspection 

services (Yazgan & Yiğit, 2013). Operationallly, ground 

handling services can be expressed as the services supplied to 

passengers, aircraft and cargo at an airport. It is not possible 

for an aircraft to leave the airport without ground services, and 

it is not possible for an incoming aircraft to reach the parking 

lot safely without ground services. Ground handling also 

covers all activities carried out in the apron area, in the 

terminal and in the cargo warehouses. Airport service chain is 

shown in Figure 1. Although fuel, catering and line 

maintenance services are included in the Standard Ground 

Handling Services Agreement, these services are not included 

in the main activities of ground handling services since they 

are also provided by other specialized companies (Yılmaz, 

2015). 

 
Figure 1. Airport Service Chain (Varışlı, 2015, p. 20) 

 

Ground handling companies may face a number of 

problems such as flight cancellations or delays due to many 

different factors such as aircraft mechanical problems, crew 

diseases, bad weather conditions, legal restrictions, and 

security procedures while carrying out their operations. These 

organizations are always obliged to be cautious in every matter 

and to have the necessary equipment or personnel ready in 

order to quickly find a solution to any such potential problem 

(Bazargan & Orhan, 2012). Because possible deficiencies or 

disruptions play a decisive role in the timely and safe arrival 

of passengers, luggage and cargo at their destination, that is, 

they affect the efficiency and success of the transportation 

process (Schmidberger et al., 2009). Ground handling 

services, which may not even be noticed until they encounter 

any problems, are the backbone of flights and constitute one 

of the most critical links of flight operations. 

Namely, a small carelessness or mistake made by ground 

handling services can harm not only the service company 

providing this service, but also passengers, airline companies, 

airports or other components. Ultimately, it can lead to the 

problem of effective use of both financial and physical 

resources. In this context, ground handling companies should 

use their resources correctly and have an effective 

management approach for both situations in order to maintain 

their normal activities and be cautious against possible risks. 

As mentioned above, the coronavirus outbreak was an 

unexpected shock, and a process that ground handling 

companies had to manage with difficulty. In this process, in 

addition to the health measures brought for passengers and 

employees, the measures to be taken by companies regarding 

financial sustainability occupied a very important place in 

terms of business outcome. Such crises are always likely to 

occur at the national or global level. For this reason, it is worth 

investigating how the ground handling services manage this 

process, how much it is affected financially and what its 

financial structure is. Analyzing the current situation, 

determining what kind of measures have been taken and 

determining what can be done are essential in terms of 

precaution. In this context, the subject of this research is to find 

answers to the questions of how the ground services 

component was affected by the sectoral contraction in the 

Covid-19 process, whether it was successfully managed, and 

to make suggestions for possible similar situations. 

In order to find an answer to the research question, ground 

handling companies serving in Türkiye were used. In Türkiye, 

the activities of airport ground handling services are regulated 

by the instructions issued by the General Directorate of Civil 

Aviation, and four organizations currently holding A group 

operating licenses are serving: Turkish Ground Services Inc., 

Çelebi Ground Handling Inc., Havaş Ground Handling Inc. 

and FUGO. Figure 3, shows the % changes in net sales of these 

organizations before and after the pandemic. Since FUGO has 

just started to serve, the data of this company is not included. 

According to the data, Çelebi has been determined as the 

ground handling company with the lowest rate of change in net 

sales in 2020, and for this reason, it has been chosen as a 

sample company in this study. 

 

 
Figure 2. % Change in Net Sales (Fortune Türkiye, 2022; 

Turkish Airlines, 2022) 

 

In the literature review, it was determined that although 

many studies were conducted on the effects of Covid-19 on the 

aviation sector, there was no specific study on the financial 

impact on ground handling services. It is hoped that the study 

will contribute to the gap in the literature on this issue. For this 

purpose, Çelebi Aviation Holding's 2009-2020 data were 

tested with the Entropy-based TOPSIS method, and the 

financial structure of this ground handling company was tried 

to be correlated with the effects of the crisis. 

 

2. Literature Review 
 

It is seen that many academic studies have been carried out 

in the national and international literature on the effects of the 
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coronavirus on the aviation sector. In this section, only some 

of the related studies will be mentioned. 

Deveci et al. (2022) examined the effects of the Covid-19 

pandemic on air carriers in Turkey. In the study, issues such as 

financial decisions taken by airlines, flight management, 

human resources management, hygiene management were 

presented in terms of differences before and during the 

pandemic. In the findings of the study, it was mentioned that 

the sector was seriously affected by the pandemic, it tried to 

recover with fewer carriers, the salaries of the personnel 

decreased, the number of passengers decreased, but the cargo 

flights increased. Köçken et al. (2022) examined the impact of 

the Covid-19 Pandemic on airports in the study. In the study, 

data of airports in Türkiye before and during the pandemic 

were used. Three-Step Data Envelopment Analysis was used 

to compare these data with the efficiency values. In the light 

of the information obtained, the performances of the airports 

were listed. Scheelhaasea et al. (2022), the effects of the 

Covid-19 Pandemic on a global scale and the measures taken 

were examined. In the study, the restrictions on the flights of 

the airline companies, the decisions to stop the flights, the 

great financial losses experienced by the airport operators and 

airline companies are included. In addition, in the study, it was 

emphasized that in order to tolerate these financial losses, 

governments' providing credit support to these operators more 

than their repayment capacity may put them in a financially 

difficult position in the future. 

In the study of Dube et al. (2021), potential recovery paths 

for the global aviation industry from the COVID-19 outbreak 

were examined. In the study, which used archive and 

secondary data, it was determined that the epidemic dealt a 

heavy blow to global aviation, the recovery was slow and 

airline bankruptcies would increase. In addition, it was 

mentioned in the study that measures should be taken to 

protect passengers, reduce costs, increase efficiency, and base 

on employee health and customer safety. Sucu (2021) 

examined the impact of Covid-19 and the global crisis it 

caused on the aviation industry on the basis of Turkish Airlines 

(THY). In the research, it has been mentioned that perceiving 

the crisis by senior managers, putting the crisis prevention 

activities into action, efforts to bring the crisis under control, 

consist of the steps of communicating with all stakeholders and 

making efforts to return to the past. In the study, in which THY 

annual reports, senior management's statements in the written 

and visual media, and the practices in the crisis management 

process were examined, it was concluded that THY was 

successful in the crisis management process. In the study 

conducted by Annaç Göv & Erbay (2021), they examined the 

effects of the Covid-19 Outbreak and the views of academics 

working in the aviation industry on the crisis. The data were 

provided by 27 Academicians training in the aviation industry 

in Türkiye, and were analyzed under the Nvivo program. As a 

result of the study, the importance of cargo transportation was 

emphasized, and the importance of the aviation industry's 

readiness after the pandemic process was mentioned. Heiets 

and Xie (2021) analyzed the losses of the aviation industry by 

making a brief analysis of the financial effects of the Covid-19 

Epidemic on a global scale. In addition, using the PEST 

analysis, the political, technological, economic and socio-

cultural effects of the pandemic on the aviation industry were 

investigated. In the research, ıt was emphasized that many 

airlines in the industry will go bankrupt and the rest will 

merge. In the study conducted by Hopancı et al. (2021), the 

effects of the Covid-19 epidemic on airports, airline companies 

and air traffic in the Turkish aviation sector were investigated, 

and the measures taken to make flights safe were also included. 

In addition, the predictions made about the recovery process 

of the aviation sector in the next processes were investigated. 

In the study, it was determined that airline companies lost 1.7 

billion passengers and 6.1 million flights, European aviation 

suffered a net loss of 56.2 billion Euros and the economic 

hardship caused 191 thousand direct job losses. Çetin (2021) 

examined the effects of the Covid-19 Outbreak at the national 

and international level, and drew attention to the decrease in 

air traffic, passenger numbers and financial mobility. In the 

study, it was emphasized that the general recovery in Türkiye 

will not happen before 2024-2025. 

In the study, Akça (2020a) investigated the effects of the 

Covid-19 Outbreak on Turkish Civil Aviation. The effects of 

the epidemic were evaluated with its economic aspects, and its 

financial losses and current situation were analyzed by taking 

into account the indicators of the aviation sector. In the article 

prepared by Nizetic (2020), air transport mobility related to 

Europe (EU) was analyzed for the specific period from January 

to April 2020. In particular, the impact of COVID-19 on 

mobility was assessed taking into account the carbon footprint 

of the two airports in Croatia. The results of the analysis 

revealed that the pandemic caused more than 89% decrease in 

the number of flights in the EU, while cargo traffic was not 

significantly affected. In addition, it was emphasized that there 

was more than 96% reduction in air transport mobility at 

selected airports, which is directly related to CO2 emissions 

falling to a factor of 1.81 for the Zagreb commercial airport 

and a factor of 3.49 for the seasonal Split airport. Alıcı & Polat 

(2020) examined the effect of the number of cases and deaths 

caused by Covid-19 on the stock prices of nine airline 

companies selected from the countries with the highest number 

of cases. It was determined that the effects of both variables on 

stocks were negative, and it was argued that the Covid-19 

pandemic was the economic proof of the crisis in airlines. 

In the studies, it was determined that the effects of the 

Covid-19 Pandemic on the aviation sector were evaluated in 

terms of economic, financial and flight network, and mostly 

airlines and airports were included. As a result of the studies, 

the negative effects of the pandemic in every field of the 

aviation sector were observed. Although there are many 

studies examining the effects of the Covid-19 Pandemic in the 

literature, no study has been found that conducts financial 

analysis of ground handling companies in the aviation sector. 

This study, which aims to investigate the effects of the 

pandemic on the financial structure of ground handling 

services, is therefore expected to make a contribution to the 

literature. 

  

3. Data and Method of Research 
 

Entropy Based TOPSIS method is frequently preferred in 

many studies due to its success and high reliability in valuation 

of financial performance indicators (Altan&Yıldırım, 2019; 

Perçin&Sönmez, 2018; Sakarya&Aksu, 2020; Akyüz et al., 

2019). In addition, it is seen that this method are frequently 

used in academic studies on the aviation sector (Ömürbek & 

Balcı, 2017; Ömürbek & Akçakaya, 2018; Bakır & Akan 

2018; Kiracı & Asker 2019; Deste & Şimşek, 2019; Ekin & 

Dinçer, 2020). From this point of view, the Entropy-based 

TOPSIS method has been preferred in this study, and the data 

of Çelebi Hava Hizmetleri A.Ş., which is on the Fortune 500 

Türkiye list, between the years 2009-2020 has been tested by 

this method. While deciding on the criteria to be used in this 

method, studies on the measurement of financial performance 
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indicators in the literature have been taken into consideration 

(Perçin&Sönmez, 2018; Işık, 2019; Altan&Yıldırım, 2019; 

Şahin & Bilgin Sarı, 2019; Ulutaş, 2019; Sakarya&Aksu, 

2020). In related studies, it has been observed that criteria such 

as net sales, change in net sales, profit before interest and 

taxes, change in profit before ınterest taxes, total assets, equity, 

exports are mostly included, and among these indicators, the 

criteria that create undefined data in the analysis are 

determined and removed from the system. Considering the 

studies (Ulutaş, 2019; Acer & Kalender, 2020) that emphasize 

that the number of employees is extremely important when 

evaluating the performance of companies, this criterion has 

been included in the analysis as well as financial data. Finally, 

the financial data and performance indicators to be used in this 

application have been determined as follows: net sales, profit 

before interest, total assets, equity and number of employees. 

The number of employees has been chosen because it provides 

information about the operational intensity of the company 

during and before the Covid-19 Pandemic. Other financial data 

is data that helps to control investments in the light of this data 

that comes to the fore in a company's financial planning. In this 

study, all the data belonging to the company in the formation 

of the decision matrix have been taken from the Fortune 500 

Türkiye website. 

  

3.1. Entropy Method  
The entropy method is one of the methods used as methods 

of simultaneous prioritization of reality used to make sense of 

the lowest certainty or highest uncertainty for a problem. In 

addition, the method reduces human-induced errors to zero, 

and as the method gets smaller, the degree of irregularity 

decreases (Karavardar & Çilek, 2020). The concept of 

ENTROPY, known as the criterion of disorder and dispersion 

in thermodynamics, was expressed by Clausius in 1865. The 

entropy method is used to calculate the sub-criteria weight. 

The entropy method is a method that can obtain criterion 

weights by using the values in the decision matrix. Shannon 

defined the concept of Entropy as the measurement of 

uncertainty in information. In other words, the concept of 

Entropy is an effective method used to explain the maximum 

uncertainty or minimum certainty about an event of interest. 

The steps of the entropy method are given below (Wu et al., 

2011). 

Normalization of Decision Matrices: 

 

𝑟𝑖𝑗 =
𝑥𝑖𝑗

∑ 𝑥𝑖𝑗
𝑗

1

                                               (1) 

 

i: alternative value 

j: criterion value 

𝑟𝑖𝑗: Normalized value 

 

Calculating Entropy Values: 

 

𝑒𝑗 = −𝑘 ∑ 𝑟𝑖𝑗 ln(𝑟𝑖𝑗)
𝑚

𝑗=1
                          (2) 

 

k: Entropy coefficient 

𝑟𝑖𝑗: Normalized value 

𝑒𝑗: Entropy value 

 

Calculation of Weight Values: 

 

𝑊𝑗 =
1 − 𝑒𝑗

∑ (1 − 𝑒𝑗)𝑚
1

                                (3) 

 

𝑤𝑗 : Weight value 

𝑒𝑗: Entropy value 

 

3.2. TOPSIS Method 
TOPSIS (Technique for Order Prefence by Similarity 

Solution), one of the multi-criteria decision making methods, 

was developed by Hwang and Yoon (1981). This method is 

based on the fact that the chosen alternative is the closest to 

the ideal solution and the farthest from the negative ideal 

solution. For example; The positive ideal solution includes the 

points with the highest cost and the lowest cost, while the 

negative ideal solution includes the points where the cost is the 

highest and the benefit is the lowest. Analysis findings are 

obtained by ordering the alternatives from the best to the worst 

according to their distance from these calculated points, in 

other words, finding the optimum preference. The steps of the 

TOPSIS method are as follows (Hwang & Yoon, 1981; Chen 

et al., 2015). 

 

Preparing the Data Row and Creating the Decision 

Matrices: 

The m factor series of the decision problem, which will be 

the subject of comparison, are determined. 

 

𝑥𝑖(𝑥𝑖(𝑗), … , 𝑥𝑖(𝑛))                               (4)     

i=1,2,3,…,m     j=1,2,3,…,n 

 

Decision Matrix: 

 

𝑥 = [
𝑥1(1)𝑥1(2) ⋯ 𝑥1(𝑛)

⋮ ⋱ ⋮
𝑥𝑚(1)𝑥𝑚(2) ⋯ 𝑥𝑚(𝑛)

]                        (5) 

 

Generating Normalized Decision Matrices: 

 

𝑛𝑖𝑗 =
𝑎𝑖𝑗

√∑ 𝑎𝑖𝑗
2𝑚

𝑖=1

                                      (6) 

 

Here, 𝑛𝑖𝑗 is the normalized value of the ith alternative 

according to the jth criterion. 

 

Generating Weighted Decision Matrices: 

In this step, the normalized values are multiplied by the 

criterion weights. 

𝑣𝑖𝑗 = 𝑟𝑖𝑗 . 𝑤𝑖𝑗                                        (7) 

 

 

Determination of Positive Ideal (A+) and Negative Ideal 

(A-) Solutions: 

In this step, the maximum and minimum values in each 

column of the weighted matrix are determined. If the criterion 

is the benefit criterion, the maximum of the criterion values in 

the positive ideal solution and the minimum one for the cost 

criterion are taken. Similarly, if the criterion is the benefit 

criterion, the minimum criterion value is taken in the negative 

ideal solution, and the maximum one is the cost criterion (Ece, 

2019). 

 

𝐴+ =  {(𝑚𝑎𝑥𝑖𝑣𝑖𝑗|𝑗 ∈ 𝐽), (𝑚𝑖𝑛𝑖𝑣𝑖𝑗|𝑗 ∈ 𝐽)}              (8) 
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𝐴+ =  {(𝑚𝑖𝑛𝑖𝑣𝑖𝑗|𝑗 ∈ 𝐽), (𝑚𝑎𝑥𝑖𝑣𝑖𝑗|𝑗 ∈ 𝐽)}              (9) 

 

Measuring Distance Between Alternatives: 

The distance of each alternative from the ideal solution is 

calculated. 

 

𝑆𝑖
+ = √∑ (𝑣𝑖𝑗 − 𝑣𝑗

+)
2𝑛

𝑗=1
                  (10) 

 

𝑆𝑖
− = √∑ (𝑣𝑖𝑗 − 𝑣𝑗

−)
2𝑛

𝑗=1
                        (11) 

 

Calculating Relative Closeness to the Ideal Solution: 

Here, it takes a value between 0 ≤ 𝐶𝑗
∗+ ≤1, and 𝐶𝑖*=1 

represents the absolute closeness of the relevant decision point 

to the ideal solution, and 𝐶𝑖*=0 the absolute closeness of the 

relevant decision point to the negative ideal solution. 

 

𝐶𝑖
∗ =

𝑆𝑖
−

𝑆𝑖
− + 𝑆𝑖

+                                      (12) 

 
4. Findings 
4.1. Entropy solution 

 

The first step of the implementation part is the creation of 

the decision matrix. While creating the decision matrix, the 

following financial data and performance indicators were 

used: Net Sales, Profit Before Interest and Tax, Total Assets, 

Equity, Number of Employees. The relevant decision matrix is 

shown in Table 1. 
 

Table 1. Decision Matrix 

Year Net Sales 
Profit Before 

Interest and Tax 
Total Asset Equity 

Number of 

Employees 

2009 311.090.568 69.515.602 327.569.517 120.096.539 7.283 

2010 347.005.479 71.626.629 359.281.835 128.509.168 3.495 

2011 472.753.336 55.945.576 537.163.444 50.482.222 4.207 

2012 537.002.487 60.428.482 485.550.616 64.074.156 4.374 

2013 507.871.288 72.048.211 515.256.419 46.841.298 10.343 

2014 621.449.684 113.031.144 573.244.822 106.453.496 10.508 

2015 732.278.323 161.638.141 678.550.555 144.285.259 11.648 

2016 709.524.691 92.561.288 689.822.528 101.696.764 12.278 

2017 917.789.663 178.250.059 836.042.186 168.855.174 12.657 

2018 1.334.270.054 380.496.218 1.522.060.041 353.087.514 13.031 

2019 1.877.885.568 378.302.240 2.219.589.632 572.436.992 13.475 

2020 1.541.501.101 328.925.275 2.762.169.402 446.297.475 10.009 

      

In table 2., it is seen that there are criteria in different units 

and the normalization process is performed to standardize the 

criteria between 0 and 1. These values were found by dividing 

the values in the decision matrix by their column sum. 
 

Table 2. Normalized Decision Matrix 

Year Net Sales 
Profit Before 

Interest and Tax 
Total Assets Equity 

Number of 

Employees 

2009 0.047926184 0.055367035 0.050205749 0.093505341 0.08108078 

2010 0.053459186 0.057048403 0.055066216 0.100055287 0.038909423 

2011 0.072831728 0.044558928 0.082329679 0.039304691 0.046836035 

2012 0.082729864 0.048129424 0.074419112 0.049887165 0.048695226 

2013 0.078241951 0.05738418 0.078972045 0.036469923 0.115147399 

2014 0.095739682 0.090025824 0.08785978 0.082883075 0.116984325 

2015 0.11281379 0.128739799 0.103999723 0.112338311 0.12967581 

2016 0.109308397 0.073722214 0.105727349 0.079179556 0.136689526 

2017 0.141393411 0.14197068 0.128138066 0.131468074 0.140908888 

2018 0.205555807 0.303053514 0.233282282 0.274908576 0.145072586 

2019 0.289304464 0.301306078 0.340190874 0.445690748 0.150015586 

2020 0.237481536 0.261978847 0.423350699 0.347480436 0.111429017 

      

In Table 3, the values of the expression in the inner part of 

the formula used to calculate the Entropy value for each 

criterion found were obtained by multiplying the relevant cell 

value with the logarithm value of the relevant value. By 

following the steps below, the formula in the Entropy method 

was completed, the weight values were found and the weight 

values of the criteria were reached. 
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Table 3. Entropy Values for Criteria 

Year Net Sales 
Profit Before 

Interest and Tax 
Total Assets Equity 

Number of 

Employee 

2009 -0.145604219 -0.160219515 -0.150196811 -0.221583041 -0.203700001 

2010 -0.156573231 -0.163378365 -0.159649013 -0.230330509 -0.126320174 

2011 -0.190790256 -0.138620273 -0.205579152 -0.127206151 -0.143369899 

2012 -0.206177267 -0.14601801 -0.193344014 -0.149561297 -0.14716546 

2013 -0.199356526 -0.164003219 -0.200483278 -0.120761667 -0.248895967 

2014 -0.224617015 -0.216751459 -0.21367614 -0.206405744 -0.251015059 

2015 -0.246161573 -0.263911692 -0.235389545 -0.245598546 -0.264891074 

2016 -0.241963106 -0.192227069 -0.237557901 -0.200802295 -0.272018056 

2017 -0.276595081 -0.277145894 -0.263278487 -0.266747571 -0.276130945 

2018 -0.325197039 -0.361799188 -0.339543773 -0.354994032 -0.280065684 

2019 -0.358817278 -0.361455407 -0.366810274 -0.360176045 -0.284581979 

2020 -0.341418988 -0.350918443 -0.363892942 -0.367303123 -0.244516214 

      

The constant k in the formula is found with the formula 1/ 

ln (m), where m is the number of decision alternatives. 

k=1/ln(m) 0.402429604 

ej 1.172386729 1.125373677 1.178877819

 1.147515953 1.10373181 

ej: Entropy value. Entropy values were found for each 

criterion. Here, the negative value of the constant k is 

calculated by multiplying the column sum of the values in 

Table 3. In other words, the sum of -k value * net sales column 

and the entropy value of the first criterion were found and the 

other column operations were calculated in this way. 

Dj -0.172386729  -0.125373677  -0.178877819  -

0.147515953  -0.10373181 

dj: Degree of differentiation. In this value, the degree of 

differentiation was found by subtracting the Entropy value 

from 1. 
 

Table 2. Calculation of Weight Values 

 Net Sales 
Profit Before 

Interest and Tax 
Total Assets Equity 

Number of 

Employees 

Wj 0.236832049 0.172243564 0.245749776 0.202663543 0.142511068 

      

Calculation of Weight Values is shown in Table 4. It is the 

last step of the entropy method. It is found by dividing the 

relevant column differentiation value for each column by the 

sum of the degrees of differentiation of all criteria. As a result 

of this process, the importance weights of the criteria were 

determined. The order is as follows: Total Assets>Net 

Sales>Equıty>Profıt Before Interest and Tax>Number Of 

Employees. 

 

4.2 TOPSIS solution 
The first step of the TOPSIS method is to create the 

decision matrix. Decision matrix and weight values have been 

given before, so they are not given again in this section.

Table 5. Generating the Normalized Decision Matrix 

Year Net Sales 
Profit Before 

Interest and Tax 
Total Assets Equity 

Number of 

Employees 

2009 0.138633182 0.140169454 0.142197157 0.247497331 0.238063067 

2010 0.154638163 0.144426074 0.1559634 0.264834243 0.114242815 

2011 0.210675945 0.112807206 0.233181388 0.104034765 0.137516315 

2012 0.239307685 0.121846421 0.210776381 0.132045292 0.142975128 

2013 0.226325772 0.145276141 0.2236716 0.096531476 0.338086819 

2014 0.276940403 0.227913062 0.24884423 0.219381477 0.343480257 

2015 0.326329644 0.325922948 0.294557201 0.297345925 0.380744008 

2016 0.316189805 0.186638176 0.299450338 0.209578709 0.401337133 

2017 0.409000191 0.359418788 0.362923948 0.347980093 0.413725696 

2018 0.594598881 0.767222689 0.660722686 0.727649755 0.425950821 

2019 0.645434368 0.610294797 0.697515844 0.772771907 0.413015517 

2020 0.47078994 0.471194268 0.657911555 0.521855342 0.294840024 

      

 

Generating the Normalized Decision Matrix is shown in 

Table 5. It was obtained by dividing each value in the decision 

matrix by the square root of the sum of the squares of the 

elements in the relevant column. 
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Table 6. Weighted Normalized Decision Matrix 

Year Net Sales 
Profit Before 

Interest and Tax 
Total Assets Equity 

Number of 

Employees 

2009 0.032832781 0.024143286 0.03494492 0.050158686 0.033926622 

2010 0.036623273 0.024876462 0.038327971 0.053672246 0.016280866 

2011 0.049894816 0.019430315 0.057304274 0.021084054 0.019597597 

2012 0.056675729 0.020987262 0.051798248 0.026760767 0.020375538 

2013 0.053601196 0.02502288 0.054967246 0.019563411 0.048181114 

2014 0.065588363 0.039256558 0.061153414 0.044460627 0.048949738 

2015 0.077285318 0.05613813 0.072387366 0.060261179 0.054260235 

2016 0.074883879 0.032147225 0.073589853 0.042473964 0.057194983 

2017 0.096864353 0.061907573 0.089188479 0.070522879 0.058960491 

2018 0.140820071 0.13214917 0.162372452 0.147468077 0.060702706 

2019 0.152859544 0.105119351 0.171414362 0.156612693 0.058859282 

2020 0.111498146 0.08116018 0.161681617 0.105761053 0.042017967 

      

Weighted Normalized Decision Matrix is shown in Table 

6. 

In step 4, ideal and negative ideal solutions were 

determined. Identified Ideal and Negative Ideal Solutions are 

given in Table 7. In the table, "A+" denotes positive ideal 

solution value and "A-" denotes negative ideal solution value. 

 

Table 7. Determination of Ideal and Negative Ideal Solution 

 Net Sales 

Profit Before 

Interest and 

Tax 

Total Assets Equity 
Number of 

Employees 

A+ 0.152859544 0.13214917 0.171414362 0.156612693 0.016280866 

A- 0.032832781 0.019430315 0.03494492 0.019563411 0.060702706 

      

Table 8. Distances to Ideal and Negative Ideal Solutions 

Year Sİ+ Sİ- 

2009 0.237359289 0.040929716 

2010 0.230926456 0.056499433 

2011 0.233896132 0.049829671 

2012 0.229770755 0.05032919 

2013 0.233855349 0.031941943 

2014 0.205056368 0.053952728 

2015 0.178945619 0.080145133 

2016 0.20087768 0.062933641 

2017 0.155123969 0.106988906 

2018 0.047787331 0.238671689 

2019 0.050433448 0.243225918 

2020 0.087485178 0.183014858 

 

The distances of the alternatives from the ideal solution and 

the negative ideal solution were found and shown in Table 8. 

 

Distances/ Relative Closeness to the Ideal Solution were 

calculated with the formula CI*=SI- / (SI++SI-) and the values 

found are given in the Table 9. The relative closeness of each 

alternative to the ideal solution, from largest to smallest, was 

determined as follows: 2018>2019>2020 

>2017>2015>2016>2014>2010>2012>2011>2009>2013. 

 

Table 9. Distances/ Relative Closeness to Ideal Solution 

Year Cİ* 

2009 0.147076295 

2010 0.196570439 

2011 0.175626153 

2012 0.179682971 

2013 0.120174071 

2014 0.208304377 

2015 0.309332279 

2016 0.238555497 

2017 0.408178752 

2018 0.833179172 

2019 0.828258676 

2020 0.676579792 

 

According to the results of the application; In the analysis 

report of the data set made with the Entropy Method, the 

financial indicator that the company attaches the most 

importance to is total assets; it is followed by net sales, equity 

and profit before interest and tax, and it is a performance 

indicator with the lowest weight in the number of employees. 

On the other hand, according to the success ranking results of 

the selected criteria made with the help of TOPSIS method; It 

has been determined that the most successful year in the 12-

year period between 2009-2020 was 2018, there was a 
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decrease in 2020 due to the pandemic, and the most 

unsuccessful period was 2013. 

 
5. Conclusion 
 

The aviation industry, which has an important place on a 

global scale, contains many different business lines. All these 

stakeholders are extremely important in the flawless execution 

of the operations of the transportation service. Ground 

handling services are one of the important components that 

establish the connection between airline companies and 

airports and play a key role in the management of the flight. 

Due to the global networking feature of the aviation 

industry, the measures taken to prevent the transmission of the 

Covit-19 virus have also brought about common measures on 

a global scale. National and international organizations have 

brought some prohibitions and restrictions both to protect 

human health and to help the aviation industry survive this 

pandemic with the least damage. As a result of the measures 

taken, many countries closed international air traffic and even 

restricted domestic flights and seat capacities. Although it did 

not affect the cargo transportation much, the passenger 

transportation capacity decreased considerably. As a result, 

large and small-scale airline companies, airport operators and 

ground handling services companies were also adversely 

affected, and the aviation industry suffered serious losses.  

The Covid-19 pandemic has been one of the factors that 

most affected the aviation industry among the crises that have 

occurred to date, and this has caused the aviation industry to 

shrink financially. Financial indicators are important in terms 

of planning, decision making and sustainability of companies. 

In this study, it was aimed to reveal how the financial 

performance of ground handling services was affected by the 

Covid-19 Pandemic, and to measure this, the financial data of 

Çelebi Ground Handling, one of the ground handling 

companies in Türkiye, between 2008 and 2020 were used. Five 

selected criteria (net sales, profit before ınterest and tax, total 

assets, equity and number of employees) were tested with 

Entropy-based TOPSIS method.  

The importance weights of the criteria calculated by the 

entropy method are as follows: Total Asset>Net 

Sales>Equity> Profit Before Interest and Taxes>Number of 

Employees.  According to the results obtained with the 

TOPSIS method, the success order of the years is as follows: 

2018> 2019> 2020> 2017> 2015> 2016> 2014> 2010> 2012> 

2011> 2009> 2013. Among the years compared, 2018 was the 

most successful year, while 2013 was the most unsuccessful. 

Accordingly, it was concluded that the company was affected 

by the Covid-19 Pandemic, but its financial success rate 

recovered rapidly, even exceeding its performance in 2017. 

Considering all these results, it can be said that the company 

was affected by the pandemic process, but successfully 

managed this process. 

In addition to these determinations, we see that the 

exemplary company also received agile decisions in crisis 

management in this process. Namely; Çelebi Ground Handling 

Inc. management stopped all non-emergency expenditures, 

postponed investments and directed its employees to paid and 

unpaid leave as of March 2020. In order to reduce fixed costs, 

the supports provided by the governments of the countries in 

which the Group operates were evaluated, necessary 

applications were made and various supports were utilized. In 

addition, waivers, discounts or postponements were made in 

license and lease payments with airport operators and country 

aviation authorities. The Group Management closely followed 

the cash flow in order to preserve the strength of its liquidity 

position (Çelebi, 2021). 

The findings of the study are proof that the pandemic has 

negatively affected the ground handling industry financially. 

Based on the weighted criteria evaluation results made on the 

sample organization, it can be thought that supporting a strong 

asset structure with net sales and strong equity is a way to get 

out of crisis periods easily. In addition to the proportional 

distribution in the financial structure, it is also very important 

to make and implement decisions quickly and correctly in 

order to get out of the crisis. One way to facilitate this is to 

include the concept of prudence in company planning. The 

future plans of ground handling companies should include 

measures against possible crises as well as growth targets. 

According to the magnitude of the effects of these crises or the 

type of crisis (economic, health, terrorism, etc.) it is necessary 

to have different precautionary packages in different 

categories in order to minimize the damage that may occur. 

Thanks to this readiness, the struggle in terms of personnel, 

operational and financial aspects can be facilitated and faster 

and more accurate management can be achieved. 

The limitations of this study are as follows; the inability to 

include all the financial data desired to be used in the analysis 

because it contains undefined data, using only one ground 

handling company's data, data is limited to the years available 

in the reports. In addition, the short-term effects of the 

pandemic cannot be observed because the data are accessed as 

annual figures. 

For future studies, it is recommended to include the balance 

sheet and income statement ratios used in this study, as well as 

the ratios of financial statements such as cash flow, change in 

equity, into the analysis. Another suggestion is to expand the 

study by using data and/or different methods from different 

companies serving in the national arena or in other countries. 

Comparing the financial effects of the previous crises and the 

effects of the Covid-19 pandemic is thought to be another 

dimension in terms of the fact that the ground handling 

component has a wider place in the academic literature. 
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1. Introduction 
 

Sustainable material use refers to the ability of a material 

to be used in a way that does not deplete the Earth’s natural 

resources or harm the environment. This diminishing can 

involve using renewable or recyclable materials and reducing 

the overall amount of material used in airport services. The 

goal of sustainable materials is to create a closed-loop system 

where materials are used, recovered, and then used again rather 

than discarded and contributing to waste and pollution.  

 

Investigating and developing the airport’s energy 

management system is another part of sustainable material 

usage. Although energy consumption is another aspect of 

sustainability, the approach must encompass all aspects. The 

objective is to design a strategy for sustainability to close the 

gaps. Sustainable strategy plans are critical and identify 

significant actions to improve sustainability (Bujok et al., 

2020; Mathiyazhagan et al., 2019).  

 

Life Cycle Assessment (LCA) is another domain of the 

material sustainability approach. Material sustainability 

should assess the disposal and lifetime effects on the 

environment and economy. Calado et al. (2018) have 

investigated to find optimal materials for production. 

Alternative transportation methods can be grouped under 

sustainability but may relate to the sustainability of the 

materials; therefore, this must be assessed carefully. The 

mitigation of raw material used was assessed for alternative 

transportation research (Wang et al., 2020). Building 

Information Modelling (BIM) and LCA is effective tool 

combination for making design decisions for environmental 

and health consequences of building goods and materials. 

BIM-LCA integration to aid designers in making sustainable 

material and product selection decisions from inception. 

Studies have revealed excellent effects of optimization of 

sustainable design solutions based on simulations (Asare et al., 

2020). 

 

1.1 Material Use and Airport Sustainability 
Using sustainable materials in airports can be summarized 

under renewable materials, recyclable materials, bio-

degradable materials, reusable materials, low-impact materials 

(low-emission materials), natural materials, and non-toxic 

materials. The Sustainable Airport Manual, being developed 

by the Chicago Department of Aviation, mentions sustainable 

materials in the life cycle of an airport development as 

planning, design and construction, operations and 

maintenance, and relations with the terminal occupants’ 

sections (Rhee, 2020). The same document has sections 

describing materials starting with green procurement policy, 

recyclable materials for conserving resources, waste 
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management, material reuse, local procurement, certified 

wood use, maintenance, and low-emission materials.  

Çelik and Görgülü (2021) stated that airports have seized 

the significance of sustainability after the new millennium and 

drawn an environmentally friendly corporate profile to both 

reduce the impacts of aviation operations and deal with the 

pressure. Authors have brought attention to material, building 

reuse, construction waste recycling, local material use, rapidly 

renewable material use, and certified wood use as LEED 

(Leadership in Energy and Environmental Design) 

certification advises. Nonetheless, terminal sustainable 

development is crucial for construction material reuse by 

realizing eco-friendly approaches (Ashley and Lemay, 2008). 

However, several airport terminal building evaluation 

methods are present worldwide. Kacar et al. (2022) evaluated 

LEED, BREEAM (Building Research Establishment 

Environmental Assessment Method), and Green Airport Green 

Company certification methods over seven different 

certification systems by differential benefits for management 

staff.  

Many studies have dealt with pavement covered by 

sustainable material use for airports in the design and 

construction or operation and maintenance phases. Green 

pavement rehabilitation has been studied by Karadelis et al. 

(2007), who found that their method will be a solution for 

sustainable pavement repair. Magnoni et al. (2016) have 

shared recycling practices for airport pavement construction. 

Another study has focused on utilizing sustainable runway 

rehabilitation methods and reviewing the performance results 

(Moulton et al., 2016). Asphalt pavement performance on 

friction and material reuse by adding in the mixture has been 

studied by White (2019). Dyer et al. (2022) have brought the 

public’s attention to the significance of cheaper and 

sustainable alternative pavement technologies used in 

railroads, airports, and ships. The literature also has articles 

focusing on structurally optimized sustainable solutions for 

airport pedestrian bridge construction methods (Sarkisian et 

al., 2019). 

The abovementioned articles have assessed the airport 

material used in construction from an architectural point of 

view. Additionally, there is an economic aspect of material 

sustainability. There is a diverse effect of using raw materials 

on the epidemic and pandemic situations. Easily reproducible 

materials for the disinfection of germs can be possible by 

supporting reusable materials in airports (Shishkin et al. 2021).  

A different study has revealed that acknowledging 

sustainability reporting is vital from the customers’ point of 

view, and some indicators are critical for the airport industry’s 

sustainability aspects (Karagiannis et al., 2019). However, this 

study marks sustainable material use as the less significant 

driver for the airport industry. These remarkable results are the 

examination of sustainability reports of the world’s most used 

airports. A similar study has focused on the sustainable airport 

phenomenon for Rome International Airport and the 

relationship between innovative architectures and materials to 

achieve Nearly Zero Energy Building design (NZEB) (Falvo 

et al. 2015). Another approach can be proper planning of 

airline activities that help to reduce material use by the airline 

cost reductions (Orhan et al., 2010). 

A distinct aspect of sustainable material use is waste 

management in airports. There is a study financial benefits of 

recycling the utilization of solid waste in airports (Li et al., 

2018). The factors driving the passengers’ support for 

environmental sustainability in aviation have been studied on 

biofuels, materials, and sustainable manufacturing (Winter et 

al., 2019). A seperate study highlights that producing aviation 

fuel from sustainable waste by Fischer-Tropsch synthesis can 

be a decisive recycling advantage in airports (Sanchez et al., 

2022).  

There are many studies in the literature dealing with 

different aspects of when the topic is sustainable material use 

in any industry. Nevertheless, airport sustainable material use 

may be the most condensed form of sustainable material use; 

unless it has been fully measured. The enormous gap in the 

literature is that it does not have a gauge to measure how the 

operators and authorities handle their airports or terminals’ 

sustainable material use. In this study, a proposed approach 

lets any reader assess sustainability reports to gauge the 

performance of sustainable material use. 

 

2. Method  
 

There are 58 civil airports operated in Turkiye as per 

DHMİ records (DHMİ, 2022a). Figure 1. (a) and Figure 1. (b) 

demonstrate the Owner-Based Aiport Located Cities in 

Turkiye and Operator-Based Aiport Located Cities in Turkiye, 

respectively. Most airports are owned and operated by the 

DHMİ (DHMİ stands for State Airports Authority). The others 

are IGA (Istanbul Grand Airport), İSG (İstanbul Sabiha 

Gokcen), TAV (TAV Airports), Fraport-TAV (Frankfurt 

Airpot and TAV Airports Venture), YDA (YDA Airports), 

ESTÜ (Eskisehir Technical University Airport), İÇTAŞ (IC 

İÇTAŞ), and ZONHAV (Zonguladak Airport Operator) can be 

found in the DHMİ and SHGM pages. Ordu-Giresun Airport, 

owned by DHMİ, started operations on 14 May 2022, and the 

operational figures were reported in the statistics section of 

DHMİ (DHMİ, 2022a). 

There is a distributional difference between the count of owned 

airports and the total passenger figures served in the airports. 

Figure 2 (a) and Figure 2 (b) show the differences in this 

manner—the vast majority of airports, with 74% for DHMİ 

side. The following airport owners are 6.9% for TAV and 

1.72% each for İGA, İSG, YDA, THY, ESTÜ, İÇTAŞ, and 

ZONHAV. However, the total served passenger figure is 

slightly changed. The biggest group or airport operator is İGA 

after the opening at the end of 2018, with 33.78% of total 

Turkiye air traffic. The following airport operators are Fraport-

TAV, İSG, DHMİ, TAV, and YDA, with figures of 16.5%, 

16.43%, 15.9%, 14.83%, and 2.43%, respectively. The total of 

the minor operators covers 0.13% for İÇTAŞ, ESTÜ, THY, 

and ZONHAV.  

These distributional differences define how the problem of 

developing materials sustainability for airports. The number of 

airport owners and served passenger count numbers are not 

aligned. However, how the numbers need to approach to solve 

is quite challenging. The aviation industry has been changed 

by unprecedented pandemic news caused by the city of 

Wuhan, China. Ironically, the virus that started the pandemic 

has spread throughout the aviation industry and worldwide. 

The statistics are not reliable, starting with 2020 to the end of 

2021. The aviation industry has started to use reliable 

measurements by the start of 2022. However, the figures are 

judged and compared by the numbers of 2019 (IATA, 2022). 

The approach has to be assessed with the approach of catching 

the series by the average point of 2019 and 2022.  
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(a) 

(b) 

Figure 1. Airport distribution among the cities of Turkiye (a) 

Owner locations, (b) Operator locations (SHGM, 2022a; 

SHGM, 2022b; DHMİ, 2022b). 

 

However, the airports of Turkiye cannot be analyzed 

because  of  the   significant  airport  change;  Istanbul  Ataturk 

Airport has moved to New Istanbul Airport (DHMİ, 2022c; 

TRT Haber, 2019). This colossal movement action has 

affected many passenger preferences; airline operations have 

been affected accordingly. Due to the most significant airport 

movement and global pandemic effects, it is mandatory to use 

both 2018 and 2022 data to assess airline distribution.  

The research method is based on examining sustainability 

reports on airport operators. The reason for choosing airport 

operators is to working methodology of rental and built-

operate-transfer agreements in Turkiye. The operator is 

responsible for the terminal operation and sustainability 

activities of the airport premises. 

Some studies have assessed sustainability reporting for 

companies, whether the reporting overlaps with the GRI 

(Global Reporting Initiative) or not. Karagiannis et al. have 

studied over 33 reports on the busiest airports of 193, 

corresponding to 17% of commitment to sustainability issues 

worldwide (2019). They have described the word “material” 

as the “importance or applicability” in their study. This 

applicability study grounds to assessing by a frequency 

analysis of indices and 2 step approach for identification and 

prioritization. However, they have not revealed their precise 

analysis of scoring. Table 1 is a proposed CACS analysis base 

on gauging for sustainable material use by assessing Clarity, 

Accessibility, Continuity, and Suitability. 

This analysis is to weigh the amount of sustainable material 

used throughout the airport operation life cycle. The airport 

operational life cycle starts with the planning phase of airport 

design and construction; then, it continues throughout the 

operation and maintenance period with the airport occupants. 

Figure 3 represents the methodological approach for 

benchmarking. There is a need to define a normalization 

approach for the problem to express a comparable magnitude 

as a gauge for sustainable material use by summarizing public 

information and reports, and benchmarking calculations were 

followed through the calculation.  

The benchmarking step is multiplying the Clarity, 

Accessibility, Continuity, and Suitability scores with the 

normalization index. Normalization is vital to the 

comprehensibility of the benchmarking grade of the airport’s 

sustainable material consumption. Normalization can be used 

yearly to assess the differences throughout the years. 

 

(a)        (b) 

Figure 2. Airport operator distributions over Turkiye (a) Counts of operators, (b) Served passenger counts (DHMİ, 2022a). 
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Figure 3. Methodological approach to solving the problem 

 

Table 1.: Proposed CACS (Clarity, Accessibility, Continuity, Suitability) approach for assessing Sustainable Material Use (SBU) 

Gauge Clarity Accessibility Continuity Suitability 

1 SBU is not clearly described 

The airport operator web site 

(web) does not mention any 

sustainability reporting 

The airport operator (AO)has 

not published any sustainability 

report 

There is no SBU 

information present in the 

published report 

2 
SBU described as a value or 

significant indicator 

There are a value mentioned 

on the web that sustainable 

values 

AO has announced to publish of 

a sustainability report 

There is only one mention of 

SBU 

3 
SBU policy is defined, but no 

other information is founded 

There is more explanation 

than the values on the web, 

also approaching and vision 

plans 

AO was published only once 

years ago 

SBU was mentioned more 

than once 

4 
SBU policy was defined, and 

the planning phase announced 

There are more explanations 

than the values on the web 

have, also specific targets on 

short-term 

AO has published once but 

announced to publish of the 

forthcoming version(s) 

SBU has been mentioned in 

many areas but not 

measured 

5 
SBU policy defined, and plans 

mentioned in long-term 

Airport operator web site have 

sustainability reporting/pages 

but are hard to find 

AO has published the reports 

irregularly for the years 
SBU measured 

6 

SBU policy defined, plans on 

middle-term were announced or 

defined 

It is possible to find out 

sustainability reports/pages on 

the web not easy to find 

AO has published the reports 

irregularly for the years but 

excuses published in missing 

years 

SBU measured and tracked 

7 

SBU policy was defined, and 

short-term and middle-term 

targets defined 

It is possible to find out 

sustainability reports/pages on 

the web 

AO publishes regularly but 

stopped because of the 

pandemic or another force-major 

SBU is measured and 

tracked in many domains 

8 

SBU policy was defined, short-

term and middle-term targets 

have been defined, announced 

It is possible to find out 

sustainability reports/pages on 

the web easily 

AO publishes regularly but 

stopped because of the 

pandemic or another force 

major, but excuses published on 

the web 

SBU has published as a 

section 

9 

Sustainable material use policy 

defined, plans on short-term 

and middle-term targets have 

been defined, latest figures 

support improvement 

Sustainability reporting is 

present and is offered as a 

section on the web 

AO regularly publishes for years 
SBU has published as the 

main section 

 

Benchmarking grade 𝐺𝑟 can be calculated by the below 

approach: 

 

𝐺𝑟 =
𝑖𝐶  𝑖𝐴 𝑖𝑃 𝑖𝑆 𝑁

100
                                    (1)  

 

where 𝑖𝐶  is the clarity index, 𝑖𝐴 is the accessibility index, 

𝑖𝑃 is the continuity index, and 𝑖𝑆 is represents the suitability 

index. Also, 𝐺𝑟 is the grade for the result for the airport, and 

𝑁 represents the normalization value for the airport.  

 

Normalization (𝑁) is used to alter the impact of each 

development to carry to higher numbers to encourage 

operators for better applications. The 𝑁 value represents the 

share of the commercial passenger count through Turkish 

airspace. The annual statistics from DHMİ and SHGM were 

used to calculate the Normalization value. The underlying 

reason for using 𝑁 value is to see the actual effect of each 

sustainable material use development by the passenger share 

of commercial air traffic served. The score will be more 

prominent if the share is extensive with each activity. 

  

2.1. Assumptions and Limitations 
This study assumpts ‘airport owners’ and ‘airport 

operators’ as two different entities in the airport industry. 

Although industrial acknowledgment for some definitions of 

terminal operations is not the same for airport operations, the 

leading airport owner DHMİ’s approach to sustainability 

points out that the airport operators are the terminal operators. 

Terminal operators are responsible for the development, 

building, and investment per the contract. Therefore, DHMİ 

must be understood as the ‘airport owners’ category where 

there is a terminal operator.  

Due to the global pandemic adverse effects on the aviation 

industry, airline metrics have become inconsistent. Therefore, 

2020 and 2021 figures were not used for Normalization. On 

the other hand, the leading airport move in 2019 figures is also 

unsuitable for this year. 

On the other hand, the primary research limitation is 

publicly announced sustainability reports. There is a 

worldwide 17% commitment to sustainability reporting per the 

airport sustainability reporting study (Karagiannis et al., 

2019). The Turkish Airports sustainability reporting is based 

on published reports on the airport operator websites.  

Defining Normalization Defining Gauge Interrogation Benchmarking
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This research analyzes sustainability reports’ substance 
and benchmarks public sources. The reports’ integrity and 
impartiality were crucial. The CACS approach created a grade 
scheme and assessment technique to examine and label the 
sections of report material carefully. This methodology lets 
readers assess all sustainability reports subjectively and 
quantitatively. 

The primary constraint of this study was the wide variety 

of sustainability techniques and definitions. In fact, many 

reports have neither a section on the usage of sustainably 

sourced materials nor any discussion of this topic. The second 

issue involved the consistency of the reporting schedule. In 

addition, the non-recyclable or non-sustainable material 

consumption should have been included in the reports. Covid-

19, for instance, influenced and compelled airports to use more 

hygienic materials than reused ones. This specific change also 

was not discovered in any report. On the other hand, 2022 and 

2019 statistics have been used to correlate the difference and 

consistency of the numbers. 

 

3. Result and Discussion 
 

The methodologic approach item three corresponds to the 

interrogation of the sustainable material use by the public 

information throughout the airport operator websites. This task 

involves searching the airport operator websites, finding the 

required information, and matching in the scaling step. The 

reporting information is broadly available for İGA, Fraport-

TAV, and TAV airports. The sustainability-related 

information is present, but no published reports are available 

for İSG and DHMİ airports. YDA, ESTÜ, and İÇTAŞ airports 

do not mention any sustainability on their sites, but there are 

management statements like waste management and targets 

like zero waste strategy. The airport operator sites for 

ZONHAV and THY are not reachable. Since no public 

information is present, their grades have been calculated as a 

zero, which can be seen in Table 2, Figure 4, and Figure 5. 

The results revealed that the CACS score and 

Normalization are defined in the results in Table 2. Due to the 

CACS score defined by multiplication, the sustainable 

material use adaptation score increases rapidly, and the 

differentiation shows itself broadly.  

The graphs shown in Figure 4 and Figure 5 are the results 

of the CACS benchmarking grade by assessing all aspects as 

Clarity, Accessibility, Continuity, and Suitability from public 

reports. Each standpoint developed to a higher level has 

matched the actions annotated in the airport operators’ 

sustainability reports. CACS indexes 𝑖𝐶  the clarity index, 𝑖𝐴 

the accessibility index, 𝑖𝑃 the continuity index, and 𝑖𝑆 the 

suitability index matches with the levels of identical value. 

Those values and the normalization value of 𝑁, which is the 

share number of total commercial air passenger, represents the 

grade of airport operator or authority. The vertical scale 

selected is logarithmic because the normalization value creates 

incremental growth.  

The score for İGA airport is the highest score while 

comparing the Normalization with other airports. The 

normalization scores for other big airports are around 15%. 

The biggest airport operator and prominent airport owner in 

Turkiye is DHMİ. The DHMİ small airports’ total 

normalization figure is around 15% too. The total for those 

airport operators in the top five lines reaches 97.44%. Low 

CACS scores for Fraport-TAV, İSG, and DHMİ are low 

because their sustainability reports were not published.  

Table 2.: Sustainable material use benchmarking scores for 

airport operators 

Airport Operator 

C
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𝒊𝑪 𝒊𝑨 𝒊𝑷 𝒊𝑺 𝑵 𝑮𝒓 

İGA  

(İGA Airport, 2022) 
9 9 5 6 33.77 820.6 

Fraport-TAV  

(Fraport TAV, 2022) 
5 8 1 1 16.50 6.6 

İSG (ISG, 2022) 2 5 1 1 16.43 1.6 

DHMİ (DHMİ, 2022) 2 3 1 2 15.90 1.9 

TAV  

(TAV Airports, 2022) 
9 8 6 4 14.83 256.3 

YDA  

(YDA Dalaman, 2022) 
2 2 1 1 2.43 0.1 

ESTÜ  

(ESTÜ HPA, 2022) 
2 4 1 1 0.06 0.0 

İÇTAŞ 1 1 1 1 0.04 0.0 

ZONHAV 1 1 1 1 0.04 0.0 

THY 1 1 1 1 0.00 0.0 

 

Figure 4. Normalized benchmarking scores among airport 

operators 

 

 

Figure 5. Normalized benchmarking scores among airport 

operators 
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The DHMİ has published many annual reports, documents, 

and statistics, also descriptions on their website, the 

sustainability reporting is not present. Therefore, their CACS 

score is as low as the other two airport operators, Fraport-TAV 

and İSG.  

The second highest score was TAV airports which operate 

four airports in Turkiye. Their normalization score is the 

lowest in the top five airport operator groups; however, 

because of their sustainability commitment. İGA and TAV are 

the most appropriate approaches to sustainability reporting and 

development for sustainable material use. However, İGA has 

higher scores in suitability than TAV airports. Figure 4 shows 

the top five airport operators and other minor airports on a 

logarithmic scale in a more meaningful way because of the 

CACS score and Normalization in an exponential manner.  

On the other hand, 2018 and 2022 passenger statistics can 

be slightly different from the normalized results shown in 

Figure 5. However, as seen in the graphic in logarithmic scales, 

the differences between the Normalization and 2018 and 2022 

figures are almost the same. The changes appear because of 

the tourist popularity differences and local political results in 

the neighborhood countries.  

The literature has checked for comparing this study with a 

possible match for sustainable material use in airports. The 

results of Çelik and Görgülü (2021) listed Adnan Menderes 

Airport by the LEED criteria of Construction Waste 

Management, Recycled Materials, Local Material use as 2 

points out of 2, and Reuse of Materials as 1 point out of 2. 

Çelik and Görgülü’s measurements are in line with the TAV 

airports’ second position in this study’s benchmark. 

Congruently, the same methodologic approach has been found 

in the paper of Karagiannis et al. (2019) that benchmarks all 

airports around the world. There are not any Turkish airport 

operators assessed in that study; however, the Materials and 

Sustainability have not been taken seriously by the 

international airport community as ~%10. Conversely, the 

same study revealed that Waste Management is recognized as 

more than %60 important on other indicators. 

 

4. Conclusion 
 

The use of sustainable materials is important because it 

helps to conserve natural resources and reduce our impact on 

the environment. The materials used in airports daily, such as 

plastic, paper, napkins, and materials for any maintenance 

activity and airport project building phase, affect 

sustainability. Sustainable material use is one of the most 

significant parameters in this era.  

 

On the other hand, setting and designing benchmarking 

systems is crucial for triggering sustainable development in 

economic, social, and environmental domains. Sustainable 

material use should start with the definition of a policy 

statement and the activities of recyclable materials 

procurement for conserving resources, waste management to 

reduce environmental impact, reusing of materials to extend 

the materials life cycle, local procurement alternatives for 

economic benefits, certified wood use for nature conservation, 

better maintenance applications for reducing raw materials, 

and low-emission materials for indoor environmental quality. 

Benchmarking systems offered for airport operator 

sustainability on multiple domains as defined in sustainability 

reporting systems will attract the public and improve 

awareness, letting operator companies and airport authorities 

focus on a more livable future. This study has offered an 

alternative to benchmarking on sustainability reports to assess 

sustainable material use under the airport operators of Turkiye. 

 

Acronyms 
 

BIM : Building Information Modelling 

BREEAM : Building Research Establishment Environmental 

Assessment Method 

CACS : Clarity, Accessibility, Continuity, and Suitability 

DHMİ : Devlet Hava Meydanları İşletmesi, Turkish State 

Airport Authority 

ESTÜ : Eskisehir Technical University Airport 

İÇTAŞ : IC İÇTAŞ airports 

İGA : İstanbul Grand Airprot 

İSG : İstanbul Sabiha Gokcen airport 

LCA : Life Cycle Assessment 

LEED : Leadership in Energy and Environmental Design 

NZEB : Nearly Zero Energy Building 

TAV : Tepe Akfen Venture airport 

THY : Türk Hava Yolları, Turkish Airlines 

TRT : Turkish Radio and Television company 

YDA : YDA Airports 

ZONHAV : Zonguladak Airport Operator 
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1. Introduction 

Air cargo transportation has become the fundamental 

element of the global supply chain with the rapid increase of 

e-commerce in recent years. The growing interest in the air 

cargo sector is driven by the global widespread integration of 

just-in-time (JIT) production and distribution systems, as well 

as a more open trading regime in international air cargo 

services offered by air cargo carriers (Yılmaz, 2022: 44) Air 

cargo volume, which showed a continuous increase except for 

the global crises in 2009 and 2019-2020, reached 65.5 million 

tons in 2021 (Statista, 2022). Air cargo has increased its 

importance in the aviation industry, especially with the role it 

plays in the distribution of health materials and drugs during 

the global pandemic process. According to IATA (2022) data, 

by contributing more than one-third of airline company 

revenues in 2021, it created an alternative to the decreasing 

passenger revenues in this period and started to gain 

importance in company strategies. 

Similar developments are observed in Turkiye as well. 

Thanks to the liberalization in air transportation implemented 

since 2003, rapid development has occurred in air cargo 

transportation in Turkiye and the cargo capacity of 302,737 

tons in 2003 reached 2,593,450 tons in 2021 with an increase 

of 757% (GDCA, 2021: 38). According to the FTK (Freight 

Ton Kilometers) ranking in the latest statistics published by 

ICAO (2021), Turkiye has continued to rise in the sector over 

the years, reaching the 8th rank. Estimates are that this growth 

will continue. 

In addition to the advantages of air cargo transportation 

such as speed, reliability and less exposure to weather 

conditions, there are disadvantages such as the reflection of 

operational fees on prices and physical barriers (Yılmaz, 2022: 

44). In air cargo transportation, cost minimization is an 

important factor that each air cargo company develops 

strategies for, in order to compete. Thus, the relationship and 

balance between time and cost should be analyzed very 

carefully. Cargo Hubs (CH), which are closely related to the 

concepts of time and cost, are known as special facilities that 

operate as assembly and distribution locations, reduce the 

number of connections on the network, offer companies the 

opportunity to benefit from economies of scale and provide 

access to more locations. These facilities can affect the 

existence and indirectly the future of the airline company with 

its advantages such as infrastructure and superstructure 

installation and facilities, the capacity of the airport, 

equipment features, proximity to important transportation 

locations, and production sites. 

The network structure that brings the flights departing from 

various airports together at the airport that is the geographical 
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common point or center of these airports within a certain time 

period and distributes them from the central point to the 

surrounding airports in the same way is known as the hub and 

spoke flight network (Gerede, 2019: 120). The hub and spoke 

network structure is, in principle, a comprehensive plan 

designed to ensure that all routes achieve the most efficient 

system performance (Hsu & Wang, 2013: 258). In this 

structure, a centrally located institution or facility serves as a 

collection and distribution point in terms of the importance and 

capability of its location. The central point where collection 

and distribution activities take place is known as the CH. In 

order to take advantage of CHs and to benefit from economies 

of scale, flows from origin to destination do not use 

direct/intermediary connection lines and are collected at CHs 

and sent to destinations via CHs. 

The choice of CH location, which is decisive for the 

performance of cargo transportation activities to be carried out 

by air cargo companies, has a significant impact on the 

sustainability of the cargo company, and therefore meticulous 

and comprehensive research for the selection of the cargo hub 

is of vital value for this selection process. Through selecting 

cargo hubs correctly, connection lines are reduced, costs are 

decreased to lower levels and access to more locations is 

obtained (Aygün, 2014: 8). Determining the criteria that air 

cargo companies should consider and evaluate in the selection 

of CH is a priority issue for making sound decisions. 

CH selection is a multi-criteria decision problem, which is 

described as site/location selection in the literature. Location 

selection is an important issue that is generally handled within 

the framework of airport location determination in air transport 
due to the scope of its consequences and effects. (Martel & 

Aouni, 1992; Erkan & Elsharida, 2019; Pinto et al., 2020). In 

studies conducted on this subject in Turkiye; Oktal (1998) 

proposed a model for the objective evaluation of airport 

location selection, which has a subjective nature, using 

numerical data. Akça (2017) conducted a qualitative and 

quantitative study to develop a scale that allows air traffic 

controllers to evaluate the suitability of airport locations. 

Ertunc & Çay (2020) carried out an application study to 

determine the most suitable areas for airport construction in 

the provinces of Bayburt and Gümüşhane. 

The only study in the literature on the factors considered in 

air cargo location selection was conducted by Gardiner, Ison, 

& Humphreys (2005). This is a survey study conducted by 118 

non-integrated air carriers in 2005. In this study, they 

determined that nine factors play an important role in choosing 

the airport for the cargo activities of the companies. In order 

of importance, these factors are; night operations, minimizing 

total costs, airport cargo reputation, local origin-destination 

demand, the influence of intermediary air cargo agents, airport 

access, customs clearance times, financial incentives provided 

by the airport, and shipping time of trucks to main markets. 

Carrying out operations at night hours and minimizing costs 

were at the top of the list as extremely important factors. In 

addition, it has been determined that cost minimization has a 

great effect regardless of geographical location. Determining 

the importance of financial incentives as another sub-factor in 

the airport selection process shows how critical cost 

management is (Gardiner, Ison, & Humphreys, 2005: 395-

396). 

A similar study on the subject in Turkiye is the study in 

which Düztepeliler (2003) examined the home base selection 

criteria of airline companies and the home base selection 

criteria of Turkish Airlines for Atatürk Airport. In this study; 

the question, “According to which criteria was Istanbul 

Atatürk Airport selected as the home base?” was asked. The 

answer given was, “No criteria were evaluated for the 

selection, and Istanbul has become suitable due to the social, 

cultural, and economic reasons that occur naturally. Although 

it is suitable for international flights, it is not suitable for 

domestic flights since it’s not a geographical center for 

Turkiye. This situation can be explained by the fact that the 

regional development in Turkiye shows great differences and 

in parallel to this, economic activities are concentrated in a 

small number of centers (Marmara region and Istanbul). As a 

result, the absence or very few alternatives in site selection 

makes detailed analyzes unnecessary for decision-making. 

However, it is clear from the data that this situation will change 

rapidly. According to the data of the General Directorate of 

Civil Aviation for 2021 (2021); Freight traffic consisting of 

cargo, mail, and baggage increased by 39.8% in domestic 

cargo transportation in 2021 compared to 2020, while 

international transportation increased by 34.9%. The increase 

in air transport traffic along with the increasing number of 

airports in domestic lines in recent years will create an 

increasing demand for domestic air cargo transport, causing 

location selection to be an important decision problem. At this 

stage, studies to determine the location selection criteria for air 

cargo companies in Turkiye can provide important 

contributions. 

So far, studies on air cargo in Turkiye has focused on fuel, 

cargo, fleet planning, and transportation. In these studies; 

Özger & Oktal (2013) carried out an application study with a 

new approach proposed for the solution of base layout 

problems. Derici, Derici, & Karaduman (2015) examined 
customer preferences in special cargoes. Küçük, Mukanbay & 

Öztürk (2016) proposed a model for aircraft selection in 

hazardous goods transportation. Özdoğan (2016) examined the 

adaptation of modern technology applications in air cargo 

transit operations. 

Considering the studies conducted, it is clear that the CH 

location selection of air cargo companies has not been 

sufficiently studied, therefore, this study aims to answer the 

questions of which criteria should be taken into consideration 

when selecting the CH location of air cargo companies and 

how much these criteria should be taken into consideration 

according to their degree of importance. 

Although there are not enough studies on airline cargo 

companies in the literature, most of these studies focus on fuel, 

cargo, fleet planning and transportation issues, while very few 

studies focus on the CH. The difference of this study from the 

other studies is that the criteria and importance levels taken 

into account in the site selection process have been 

investigated by taking into account the views of the academic 

and industry. From this perspective, the aim of this study is to 

determine which criteria air cargo carriers take into account 

when determining the CH airports where they will carry out 

their operational activities in Turkiye and to classify their 

importance levels. 

2. Materials and Methods 

The study consists of two stages. In the first stage, 

interviews were conducted with experts who are competent on 

the subject, and a list of criteria that air cargo carriers can 

consider in CH location selection was created. For the criteria 

list, the Delphi questionnaire was applied to the academicians 

who are experts in their fields, and the criteria list that the 

experts agreed upon was determined. In the second stage, the 

questionnaire containing pairwise comparisons developed to 
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determine the importance of these criteria was evaluated by the 

managers of the companies operating in the air cargo industry. 

In the last stage, the evaluations of the company managers 

have analyzed with the Gray-AHP (G-AHP) method, and the 

ranking of the criteria according to their importance was 

determined. 

In the first stage of the study, 7 academicians with at least 

5 years of academic experience with field knowledge and 

expertise in aviation participated the study. They were asked 

to determine, within the scope of their expertise, which criteria 

air cargo companies should evaluate in the decision of CH 

location selection. In the second stage of the study, the criteria 

determined by the experts were evaluated by the companies 

operating in Istanbul IGA airport and Istanbul Sabiha Gökçen 

airport, which have the highest concentration of central CH 

activity in Turkiye to find an answer to the question "Which 

criterion is more or less important than the others in CH 

location selection". In this context, managers of 5 companies 

that serve in two different areas (air cargo operators carrying 

cargo and doing combined transportation) participated this 

stage. 

To create the Delphi questionnaire used in the first stage of 

the study, the list of criteria covering the topics that can be 

considered in general was listed by taking into account the 

relevant literature and expert opinions. Accordingly, the 

criteria are listed as follows; “Road distance, Railway distance, 

Seaway distance, Proximity to important consumption 

sources, Proximity to key production locations, Number of 

neighboring cities, Structure of warehouses, Airport 

infrastructure and superstructure, Geographical location, 
Demographic density, Airport environment Climatic 

conditions, Airport operating costs”. 

Then, this list of criteria was sent to academics who are 

experts in the field to determine the suitability of the criteria, 

and they were asked to evaluate each criterion in the list by 

choosing one of the answers as "appropriate, partially 

appropriate, and unsuitable". Also, it was asked whether there 

were any suggestions for changes regarding the criteria titles 

and if there were new criteria suggestions if any. As a result of 

these evaluations, the list of criteria to be used in the Delphi 

questionnaire was finalized. 

Then, the Delphi questionnaire was created by using the 

criteria list. The questionnaire containing these criteria was 

sent back to the independent academic group. At the end of 

this round the answers given to the questionnaires were 

evaluated. For this purpose, the 7-point Likert scale 

evaluations ranging from “strongly disagree” to “strongly 

agree” for each criterion were coded using numbers from 1 to 

7, respectively, and necessary statistics were calculated. The 

consensus was evaluated by taking into account statistical 

parameters. Based on this evaluation, it was determined that 

the experts agreed on the criteria. 

As a result of the Delphi study; “proximity to major 

consumption locations”, “the volume of economic activity 

(industry, trade, import and export) of the region”, “population 

of the nearby region”, “nearest airport distance”, 

“transportation diversity of the region”, “airport infrastructure 

and superstructure”, “proximity to key production locations”, 

“structure of existing warehouses”, “airport operating costs”, 

“geographical location and structure”, and “climatic 

conditions in the airport region” were determined as the 

criteria for CH location selection. Then, the criteria were 

grouped under four main criteria categories, taking into 

account the scope of the criteria. 

In the last stage, pairwise comparisons questions were 

prepared by using the determined criteria to form the AHP 

questionnaire. In the questionnaire, firstly, four criterion 

categories were evaluated in six pairwise comparison 

questions. Then, three criteria in the “Consumer” category 

were evaluated using three comparison questions. Similarly, 

the three criteria under the “Transportation Connections” 

category are in three comparisons; The three criteria under the 

“Supply, Infrastructure, and Costs” category are in three 

comparisons; Two criteria under the “External Factors” 

category were evaluated in one comparison. 

The answers given by the air cargo company managers to 

the survey questions were analyzed by applying the G-AHP 

steps using the Excel software and the criteria weights were 

calculated. For the G-AHP calculations, at first the geometric 

averages of the answers of the five participants were calculated 

to combine all the evaluations and then using the single 

evaluation representing the mean group judgement were 

analyzed. 

 2.1. Methods 
There are many Multi Criteria Decision Making (MCDM) 

methods used to assist decision makers in location selection 

problems in the literature. MCDM methods include 

approaches that help the decision maker to make the most 

appropriate decision, taking into account the effect of multiple 

and independent factors (Ömürbek, Üstündağ & Helvacıoğlu, 

2013: 105). 

Some of the popular methods are; Analytical Hierarchy 

Process-AHP (Rezaian & Jozi, 2016; Vasileiou, 

Loukogeorgaki & Vagiona, 2017), Preference Sorting 
Technique by Ideal Solution Similarity-TOPSIS (Sánchez-

Lozano, García-Cascales & Lamata, 2016; Chauhan & Singh, 

2016), ELECTRE (Dortaj, Maghsoudy, Doulati & Eskandari, 

2020), VIKOR (VlseKriterijuska Optimizacija I 

Komoromisno Resenje) (Tavakkoli, Mousavi & Heydar, 

2011), and a multi-method hybrid (Ishizaka, Nemery & 

Lidouh, 2013) MCDM method. 

There are also studies using various methods related to the 

location selection problem in Turkiye. Aydın, Öznehir & 

Akçalı (2009) discussed the modeling of the site selection of a 

hospital planned to be established in Ankara with AHP. Şahin 

& Altın (2016) conducted an assignment model study for the 

location selection problem of temporary settlement areas of 

tent cities to be used after a possible earthquake in Isparta 

province. Kasak & Erdal (2019) conducted a study using the 

MOORA method to select the most suitable location for the 

penitentiary among alternative lands in Sivas province. Balkan 

(2020) handled the power plant location problem using the 

ELECTRE method that will provide the best benefit to 

producers and consumers. Başkurt & Aydın (2020) evaluated 

criteria using GIS in determining the appropriate location for 

the establishment of nuclear power plants. Supçiller & 

Bayramoğlu (2020) examined the wind farm location selection 

problem with intermittent gray number-based A-GIA and gray 

EDAS methods. İnağ & Arıkan (2020) solved the problem of 

site selection of waste collection centers belonging to Çankaya 

District Municipality using an integrated model with 

DEMATEL-ANP and mathematical programming methods. 

Baki (2021) has proposed an approach by applying the Fuzzy 

COPRAS technique in the analysis of location alternatives of 

a private hospital. 

In this study, methods that allow quantitative and 

qualitative evaluations were used. For this purpose, Delphi 

method was used to determine the criteria related to the subject 
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by applying different perspectives of academicians who are 

experts in their fields. Then, with the G-AHP method using 

AHP and Gray numbers, the importance levels of the criteria 

were determined by the representatives of the air cargo 

industry and the criteria were ranked in order of importance. 

2.1.1. Delphi Method 
It is a technique in which expert opinions about any 

problem are obtained systematically. It is mainly used to 

determine the opinions or judgements about a problem or 

subject and create consensus among the participating experts 

or those who represent the target audience (Şahin, 2001: 215-

216). 

This technique, which was developed by Norman Dalkey 

& Olf Helmer (1963: 458) for military use within Rand 

Corporation in the 1950s, is also a planning tool used to predict 

future trends (Green, 2014: 1). 

The Delphi Technique (Linstone & Turoff, 1975: 11), is 

applied to address complex problems in various fields such as 

health, technology, environment, and transportation, offer 

solutions for these problems, making inferences about the 

future and making decisions (Linstone & Turoff, 1975: 11). It 

is considered a mixed method because it contains both 

qualitative and quantitative methods. 

According to Dalkey, the Delphi technique has three basic 

features, these are; confidentiality in participation, statistical 

analysis of group evaluations, and controlled feedback 

practices (Şahin, 2001: 216). 

Confidentiality in participation is seen as the key to 

Delphi's success. Accordingly, it is kept confidential to whom 

the ideas put forward during the research belong. Thus, it is 
ensured that ideas come to the fore rather than individuals. In 

this way, the unconditional approval of the views of people 

who are known and respected in the group is prevented. 

Statistical analysis of group assessments refers to the 

statistical analysis of data after each Delphi questionnaire has 

been administered. Participants should know well what the 

statistics used in these analyzes mean. 

For controlled feedback, sequential questionnaires are used 

in the Delphi method. After the statistical analyzes of the 

surveys are completed, the results, in other words, representing 

the general tendencies of those who answered the survey, are 

presented to the participants with the same survey 

questionnaire. In this way, individuals compare their thoughts 

with different views and approaches using the results 

presented to them. The questionnaire used in Delphi studies 

contains a set of statements, either quantitative or qualitative. 

A single or different scale can be used for these expressions. 

The statements to be made in the questionnaire can be 

determined by the researchers, the participants, or both groups 

together. 

Delphi method can be very functional when air cargo 

companies need expert opinions on CH location selection. 

Another point that makes the Delphi method functional is that 

it provides the researcher with a free range of motion. This 

technique, which leaves the decision to the researcher on 

issues such as the number of Delphi rounds, the size of the 

expert group, the selection criteria, and the rate of agreement, 

has thus become a method that can be used in many areas. 

Based on all these reasons, Delphi was used in this study to 

determine the location selection criteria of air cargo 

companies. 

 

 

2.1.2. Analytic Hierarchy Process 
Analytical Hierarchy Process (AHP) is a multi-criteria 

decision-making technique that evaluates decision elements in 

order of hierarchy by pairwise comparison. Qualitative factors 

are more important than other factors in AHP. However, it is a 

technique that has the feature of combining qualitative and 

quantitative factors in evaluation of the alternatives or criteria 

(Ömürbek, Üstündağ & Helvacıoğlu, 2013: 105). 

AHP was developed by Thomas L. Saaty in 1977 to solve 

complex decision-making problems involving many criteria. 

AHP aims to solve the problem with its hierarchical analysis 

and applicability consisting of objectives, criteria, sub-criteria, 

and options. It is a method with high benefits, dynamism, and 

a solution to complex decision-making problems (Denizhan, 

Yalçıner & Berber, 2017: 65) 

The main strength of AHP involving many decision-

makers is that it processes highly complex and hard decisions 

more systematically. Constrained logic and constrained 

conceptual processes make it nearly impossible for decision-

makers to incorporate all factors into complex decisions. 

Decision makers can usually only take into account a subset of 

decisions, without perceiving the relationship weights and 

interrelationships of important factors. AHP aims to 

rationalize complex decision processes by systematizing and 

synthesizing all possible information for decision making 

(Handfield et al., 2002: 75-76). 

AHP offers an effective and highly understandable 

approach that allows the integration of qualitative and 

quantitative factors for decision making. The pairwise 

comparisons used in the method are an appropriate approach 
in terms of human perception when making a subjective 

evaluation (Gülenç & Aydın, 2010: 98). 

AHP is used to evaluate factors that are independent of 

each other at various levels in hierarchical structures (Anık, 

2007: 13). In AHP, the problem is structured hierarchically. 

There is a purpose at the top of the hierarchy and the structure 

is completed with criteria and alternatives at the bottom, 

respectively (Felek, Yuluğkural, & Aladağ, 2007: 7). 

In order to determine all the criteria that affect the decision 

process, the opinions of the experts on the subject are used or 

a survey study is conducted (Dağdeviren, Akay & Kurt, 2004: 

132). A decision hierarchy is constructed based on these 

findings. In the next step, pairwise comparison matrices are 

created and the decision maker is asked to make pairwise 

comparisons. Afterward, it is checked whether the 

comparisons are consistent and if not, the decision maker is 

requested to reconsider and correct his decision. Then, the 

relative weights (eigenvector values) are calculated from the 

pairwise comparison matrices (Aslan, 2005: 5). 

Many site selection studies using the AHP method have 

been identified in the literature. Aydın (2009) evaluated the 

most appropriate site selection criteria for a hospital to be 

established in Ankara using the AHP method. In his study, 

İmren (2011) determined the criteria that have an impact on 

the process of choosing the most suitable business location in 

the furniture industry using AHP. Ömürbek et al. (2013) tried 

to determine the areas where animal husbandry can be made in 

the province of Isparta using the AHP method. In their study, 

Uslu, Kızıloğlu, İşlenen & Kahya (2017) proposed a new 

solution approach in which GIS-based AHP and TOPSIS 

methods are used together to determine the appropriate site for 

a newly established primary school. Zaralı, Yazgan & Delice 

(2018) proposed an integrated approach by combining AHP 

and VIKOR methods for the Logistics Center planned to be 

built in Kayseri. Ertunç & Çay (2020) tried to identify suitable 
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areas for airport construction in the provinces of Bayburt and 

Gümüşhane by using GIS and AHP. Kara, Masri & Kaya 

(2022) evaluated the validity of the solutions by comparing the 

results obtained from different methods in determining the 

location where a supplier company operating in the maritime 

sector will establish a new branch by using AHP, ARAS, and 

fuzzy TOPSIS methods integrated. Terme, Çiçek & Kiraz 

(2022) handled the facility location problem for an industry 

with Fuzzy AHP and Fuzzy VIKOR methods. 

As seen in the above studies, apart from the classical AHP 

method fuzzy logic and similar approaches are used in the 

AHP method to evaluate judgments that do not contain 

certainty and indecision. Within the scope of this study, the 

uncertainty in the judgments of the evaluators was evaluated 

using gray numbers based on Gray Relational Analysis in the 

AHP method. 

2.1.3. Gray Relational Analysis 
Gray Relational Analysis (GRA) is one of the techniques 

developed by Ju Long Deng in 1982 and based on the gray 

system theory (Deng, 1989). GRA is a decision-aid method by 

allowing the ranking and evaluation of the elements of a 

system and has been applied in many areas including social 

and economic systems. 

A system containing known and unknown data is called a 

gray system. Fuzzy mathematics usually deals with situations 

where experts express uncertainty through the membership 

function (Zareinejad, 2014: 275). Gray Systems Theory is 

preferred in cases where the number of experts and experience 

level is low, the data are insufficient or there are few samples 

and it is not possible to extract the membership function 
(Zareinejad, 2014: 275). 

In this study, Gray numbers on a scale of 5 given in Table 

1 were used for the numerical values corresponding to the 

relative linguistic evaluations of the options. 

Table 1. Linguistic variables used in the AHP questionnaire 

Linguistic variables Abbreviation 

symbol 

Corresponding 

Gray numbers 

Extreme Importance EMAIL [8, 10] 

Very Strong Importance VSI [6, 8] 

Strong Importance SI [4, 6] 

Medium Importance MI [2, 4] 

Equivalent Importance EI [12] 

Source: Zareinejad, 2014: 282 

Zareinejad's (2014) steps described below are used in 

calculating the gray relational scores of alternative options; 

Step 1: Gray scores (Gij) for option i and criterion j can be 

calculated using Equation 1. 

𝐺𝑖𝑗 =
1

𝑘
[ 𝐺𝑖𝑗

1  +  𝐺𝑖𝑗….  
2 +  𝐺𝑖𝑗

𝑘 ]                                             (1) 

Where, Gkij indicates that the k decision maker evaluates 

the j option in terms of the i criterion. This valuation is shown 

as a gray number 𝐺 𝑘𝑖𝑗 = [* 𝐺 𝑘𝑖𝑗, * 𝐺 𝑘𝑖𝑗]. 

Step 2: Construct a gray decision matrix of Gij with 

linguistic variables defined based on gray numbers (Table 1). 

Step 3: To evaluate m options over n criteria, the decision 

matrix is normalized according to whether the criteria type is 

profit or cost, as shown in Equation 2. 

𝐾 = [
𝐺11 ⋯ 𝐺1𝑛

⋮ ⋱ ⋮
𝐺𝑚1 ⋯ 𝐺𝑚𝑛

]                                                           (2) 

a) If the variables are profit (the more the better) Equation 

3 is used: 

𝐺𝑖𝑗
+ = [

𝐺𝑖𝑗∗
 

𝐺𝑗
𝑚𝑎𝑘𝑠 ,

𝐺𝑖𝑗 
∗

𝐺𝑗
𝑚𝑎𝑘𝑠]   𝐺𝑗

𝑚𝑎𝑘𝑠 = 𝑚𝑎𝑘𝑠1≤𝑖≤𝑚{ 𝐺𝑖𝑗 
∗ }       (3) 

b) If the variables are in the form of costs (the less the 
better) Equation 4 is used: 

𝐺𝑖𝑗
− = [

𝐺𝑗
𝑚𝑖𝑛

𝐺𝑖𝑗 
∗

,
𝐺𝑗

𝑚𝑖𝑛

𝐺𝑖𝑗∗
 ]       𝐺𝑗

𝑚𝑖𝑛 = 𝑚𝑖𝑛1≤𝑖≤𝑚{ 𝐺𝑖𝑗∗
 }            (4) 

Step 4: Identifying the reference or ideal option based on 

the type of problem to make the assessment. 
Step 5: Calculation of the relative gray coefficient. 

The relative gray coefficient between reference options, 

taking into account the criterion i denoted by £0i(j), is calculated 

using Equation 5: 

£0𝑖(𝑗) =
𝑚𝑖𝑛𝑖 𝑚𝑖𝑛𝑗{𝐷0𝑖(𝑗)} + 𝜌𝑚𝑎𝑘𝑠𝑖  𝑚𝑎𝑘𝑠𝑗{𝐷0𝑖(𝑗)}

𝐷0𝑖(𝑗) + 𝜌𝑚𝑎𝑘𝑠𝑖  𝑚𝑎𝑘𝑠𝑗{𝐷0𝑖(𝑗)}
      (5) 

1 ≤ 𝑖 ≤ 𝑚,   1 ≤ 𝑗 ≤ 𝑛 

Where D0i(j) is the Minkowski distance between the 

reference options considering the j criterion. The technical 

coefficient (ρ) between the reference options is usually 0.5. 

Step 6: In calculating the relative gray score, the relative 

gray score of an option i considering the reference choice is 

calculated using Equation 6: 

𝛾0𝑖 = ∑
1

𝑛

𝑛

𝑗=1
£0𝑖(𝑗)                                                             (6) 

2.1.4. G-AHP 

The main steps of using the G-AHP approach are as 

follows (Zareinejad, 2014: 279-281): 

Step 1: Defining the problem: In the first step, the purpose 

of the problem, decision criteria, and decision alternatives are 

defined. 

Step 2: Establishing the hierarchical structure: The 

hierarchical structure of the problem is created based on the 

defined purpose, criteria and alternatives of the problem. 

Step 3: Creation of the pairwise comparison matrix: This 

stage involves creating the pairwise comparisons and pairwise 

comparison matrix in each row of the hierarchy to respond to 

the fulfillment of the objective or meet their requirements. 

Each element of this matrix is a gray number (Equation 7). 

𝐾 = [
𝐺11 ⋯ 𝐺1𝑛

⋮ ⋱ ⋮
𝐺𝑚1 ⋯ 𝐺𝑚𝑛

]                                                                  

= [
[ 𝐺11∗

 , 𝐺11 
∗  ] ⋯ [ 𝐺1𝑛∗

 , 𝐺1𝑛 
∗  ]

⋮ ⋱ ⋮
[ 𝐺𝑚1∗

 , 𝐺𝑚1 
∗  ] ⋯ [ 𝐺𝑚𝑛∗

 , 𝐺𝑚𝑛 
∗  ]

] (7) 

Step 4: Normalizing the pairwise comparison matrix 

(Equations 8,9,10): 
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𝐾 ∗= [
𝐺 ∗11 ⋯ 𝐺 ∗1𝑛

⋮ ⋱ ⋮
𝐺 ∗𝑚1 ⋯ 𝐺 ∗𝑚𝑛

]               

                             

= [

[ 𝐺 ∗11∗
 , 𝐺 ∗11 

∗  ] ⋯ [ 𝐺 ∗1𝑛∗
 , 𝐺 ∗1𝑛 

∗  ]
⋮ ⋱ ⋮

[ 𝐺 ∗𝑚1∗
 , 𝐺 ∗𝑚1 

∗  ] ⋯ [ 𝐺 ∗𝑚𝑛∗
 , 𝐺 ∗𝑚𝑛 

∗  ]
]                   (8) 

𝐺 ∗𝑖𝑗∗
 = [

2( 𝐺𝑖𝑗)∗
 

∑ 𝐺𝑖𝑗∗
 + ∑ 𝐺𝑖𝑗 

∗𝑚
𝑖=1

𝑚
𝑖=1

]                                        (9) 

𝐺 ∗𝑖𝑗 
∗ = [

2( 𝐺𝑖𝑗) 
∗

∑ 𝐺𝑖𝑗∗
 + ∑ 𝐺𝑖𝑗 

∗𝑚
𝑖=1

𝑚
𝑖=1

]                                      (10) 

 

 

 

 

3. Result and Discussion 

As a result of the Delphi questionnaire, the criteria agreed 

upon by the experts were gathered in four main categories, 

taking into account the subject of each criterion. These criteria 

categories are as follows; 

Consumer: This category includes “proximity to major 

consumption locations”, “the volume of economic activity 

(industry, trade, import, and export) of the region”, and 

“population of the nearby region”. 

Transportation Connections: This category includes 

“nearest airport distance”, “transportation diversity of the 

region”, and “airport infrastructure and superstructure”. 

Supply, Infrastructure, and Costs: This category includes 

“proximity to key production locations”, “structure of existing 

warehouses”, and “airport operating costs”. 

External Factors: This category includes “geographical 

location and structure” and “climatic conditions in the airport 

region”. 

Table 2. Pairwise Comparisons of Criteria Categories 

 Consumer 
Transportation 

Connections 

Supply, Infrastructure, 

and Costs 
External Factors 

Consumer  (SI, EI) (MI) (VSI, SI, SI) 

Transportation Connections (SI, VSI, VSI, VSI)  (VSI, SI, EI, EI) (EMI, VSI, SI, EI, EI) 

Supply, Infrastructure, and Costs (SI, SI, VSI, EMI, EMI) (SI, VSI)  (VSI, VSI, VSI, SI, EI, EI) 

External Factors (MI, SI, VSI) (MI)   

 

Pairwise comparison questions were asked using the AHP 

questionnaire for the four criteria categories and sub-criteria 

determined. In the first questionnaire, four criterion categories 

were evaluated in six pairwise comparison questions. Then, 

three criteria in the Consumer category were evaluated using 

three comparison questions. Similarly, the three criteria under 

the Transportation Connections are in three comparisons; The 

three criteria under the Supply, Infrastructure, and Costs 

criteria are in three comparisons; Two criteria under the 

External Factors were evaluated in comparison. The 

participant evaluations for the main criteria category are given 

in Table 2 as an example. Similarly, pairwise comparisons of 

sub-criteria were recorded for each group. 

 

Table 3. Gray Matrix of Criteria Categories 

 Consumer 
Transportation 

Connections 

Supply, Infrastructure, 

and Costs 
External Factors 

Consumer [1,000; 1,000] [0.331; 0.490] [0.203; 0.294] [0.891; 1,348] 

Transportation Connections [2,040; 3.026] [1,000; 1,000] [0.891; 1.414] [1.906; 3.141] 

Supply, Infrastructure, and Costs [3.397; 4,932] [0.707; 1.123] [1,000; 1,000] [3.086; 4.804] 

External Factors [0.742; 1.123] [0.318; 0.525] [0.208; 0.324] [1,000; 1,000] 

 

All the answers given to the survey questions were 

analyzed by applying the G-AHP steps using the Excel 

software and the criteria weights were calculated. At first, the 

geometric mean of the answers of the five participants were 

calculated for combining the opinions and obtaining the group 

evaluation. For this purpose, the gray matrix was created by 

using the calculations defined in the 3rd step of the method. As 

an example, Table 3 presents the pairwise comparison gray 

matrix evaluations for the criteria categories. 

Then, the calculations in the 4th step of the method were 

applied and the normalized gray matrix was obtained. Table 4 

shows the normalized gray matrix generated for the criteria 

categories. 

Table 4. Normalized Gray Matrix of Criteria Categories 

 Consumer 
Transportation 

Connections 

Supply, Infrastructure, and 

Costs 

External 

Factors 

Consumer [0.116; 0.116] [0.120; 0.179] [0.076; 0.110] [0.104; 0.157] 

Transportation Connections [0.236; 0.351] [0.364; 0.364] [0.334; 0.530] [0.222; 0.366] 

Supply, Infrastructure, and Costs [0.394; 0.572] [0.257; 0.409] [0.375; 0.375] [0.359; 0.559] 

External Factors [0.086; 0.130] [0.116; 0.191] [0.078; 0.122] [0.116; 0.116] 
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Finally, the gray significance levels of the criteria were 

calculated by applying the calculations defined in the 5th step 

of the method. Table 5 shows the gray importance levels 

calculated for the criteria categories. 

Table 5. Gray Importance Levels of Criteria Categories 

 Gray Importance 

Levels 

Crisp 

Importance 

Levels 

Consumer [0.104; 0.140] 0.122 

Transportation 

Connections 
[0.289; 0.403] 0.346 

Supply, 

Infrastructure, 

and Costs 

[0.346; 0.479] 0.413 

External Factors [0.099; 0.140] 0.119 

All the steps described above were first applied to all group 

comparisons, starting with combining the geometric averages 

of the answers of the five participants to reach the evaluation 

of the criteria under each group among themselves. Thus, the 

importance levels of the criteria under each main criterion 

group were calculated. The overall importance levels of all 

criteria were calculated by multiplying the importance levels 

of the main criteria groups with the within-group importance 

levels of each criterion. The results obtained after these 

procedures are presented in Table 6. 

 

 

Table 6. G-AHP Questionnaire Results 

Groups 
Grey 

Importance 

Crisp 

Importance 
Faktörler 

Grey 

Importance 

Crisp 

Importance 

Internal 

Ranking 

Normalized 

Weights 

Global 

Ranking 

Consumer [0.104; 0.140] 0.122 

Proximity to major 

consumption 
[0.349; 0.486] 0.417 1 0.051 8 

The volume of 

economic activity of 

the region 

[0.285; 0.429] 0.357 2 0.044 9 

Population of the 

nearby region 
[0.186; 0.266] 0.226 3 0.028 11 

           

Transportation 

Connections 
[0.289; 0.403] 0.346 

Nearest airport 

distance 
[0.142; 0.197] 0.169 3 0.059 6 

Transportation 

diversity of the 

region 

[0.528; 0.724] 0.626 1 0.217 1 

Airport infrastructure 

and superstructure 
[0.170; 0.240] 0.205 2 0.071 5 

           

Supply, 

Infrastructure 

and Costs 

[0.346; 0.479] 0.412 

Proximity to key 

production locations 
[0.410; 0.585] 0.498 1 0.205 2 

Structure of existing 

warehouses 
[0.300; 0.424] 0.362 2 0.149 3 

Airport operating 

costs 
[0.115; 0.165] 0.140 3 0.058 7 

           

External Factors [0.099; 0.140] 0.119 

Geographical 

location and 

structure 

[0.387; 0.521] 0.681 1 0.081 4 

Climatic conditions 

in the airport region 
[0.181; 0.244] 0.320 2 0.038 10 

 
The data presented in Table 6 show the importance levels 

of the main criteria categories, the importance levels of the 

sub-criteria within each category, and the importance levels of 

all 11 criteria in comparison to each other. According to these 

results; 

Based on the crisp importance levels of the four main 

categories; “Supply, Infrastructure and Costs” is the factor 

with the highest importance among the categories with 41.2%, 

“External Factors” category stands out as the factor with the 

least important among all criteria categories with 11.9%. 

The importance levels of the criteria within each category 

shows that; the most important sub-criterion among the main 

criteria category “Consumer” is “proximity to major 

consumption locations” with 41.7%. In this group, “population 

of the nearby region” criterion is the least important one with 

22.6% compared to the other two criteria  

The sub-criterion, which has the highest degree of 

importance in the "Transportation Connections" category, is 

the "transportation diversity of the region" criterion with a rate 

of 62.6%. Among this group, the one that has less importance 

compared to the other two criteria with a rate of 16.9% is the 

"nearest airport distance" criterion. 

Within the “Supply, Infrastructure and Costs” category, the 

most important sub-criterion is “proximity to key production 

locations” with 49.8%. The "airport operating costs" criterion 

is the one that has less importance compared to the other two 

criteria with a rate of 14% in this category. 

The “geographical location and structure” criterion has the 

highest degree of importance with a rate of 68% in the 

“External Factors” category. The criterion with less 

importance is "climatic conditions in the airport region" with 

a rate of 32%. 
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According to the normalized weights of 11 sub-criteria of 

4 main categories; it is seen that the most important criterion 

among all is “transportation diversity of the region” with a rate 

of 21.7%. On the other hand, the criterion with the least 

important among all criteria was evaluated as “population of 

the nearby region” with a rate of 2.8%. 

Within the scope of the findings, “Supply, Infrastructure 

and Costs” and “Transportation Connections” criteria emerge 

as criteria that should be emphasized when choosing CH 

locations for air cargo companies. For air cargo businesses, 

some of the 11 sub-criteria under the 4 main criteria 

determined in this study are generally similar to the criteria 

considered in the selection of the location of the businesses. 

These criteria are as follows; “transportation diversity of the 

region”, “the volume of economic activity of the region”, 

“proximity to key production locations”, “proximity to major 

consumption locations”, “geographical location and 

structure”, “population of the nearby region”. In contrast, the 

criteria: “structure of existing warehouses”, “airport 

infrastructure and superstructure”, “nearest airport distance”, 

“airport operating costs”, “climatic conditions in the airport 

region” are specific to air cargo transportation. Among the 11 

sub-criteria determined within the scope of the study, the 

"transportation diversity of the region", "proximity to key 

production locations" and "structure of existing warehouses" 

criteria are the three criteria with the highest level of 

importance, and that air cargo companies should pay the most 

attention when choosing CH location. 

A similar study found in the literature on the location 

selection decision of air cargo companies belongs to Gardiner 

et al. (2005). The most important criterion determined in this 

study was "performing the operations at night hours and 

minimizing the costs" at the selected location. When the 

findings of this study are compared with their findings; it is 

seen that there is a parallelism between the criteria of "airport 

operating costs" and "minimizing the total costs", and the 

criteria of "transportation diversity of the region" and "access 

to the airport". However, the importance of these criteria varies 

in each study. The main difference between the two studies is 

their study is done within the scope of location selection at the 

global level. Whereas, this study constrains the location 

selection decision within one country which is Turkiye. This 

focus contains valuable insights for application, since the 

geographical structure of Turkiye contains great diversity, and 

the regional production and consumption levels are different 

due to the uneven distribution of demographics. From this 

point of view, the criteria of “proximity to production sources” 

and “geographical conditions” differ from the findings in the 

literature, and in this respect, they offer a contribution to the 

literature. From another point of view, as an explanation it can 

be stated that Turkiye’s significant regional development 

differences are the reason why these criteria come to the fore. 

4. Conclusion 

The air cargo transportation has many advantages compare 

to the other transportation modes with its defining features 

such as speed, security, safety, and transportation service to the 

distant locations. In particular, companies that prefer the 

collect-distribute network system, aiming to achieve their 

activities most efficiently and embracing profit maximization, 

need a comprehensive analysis for airports with a collect-

distribute network system. Collect-distribute network structure 

has strategic importance for air cargo companies. Factors that 

are closely linked to the company's existence, are the 

efficiency of operations and cost management, and determine 

the company's strategy and decisions. With this priority, this 

study was conducted for the determination of the CH location 

criteria and importance levels of air cargo companies in 

Turkiye. The main limitation of the study is that the number of 

air cargo companies participating in the study does not allow 

the results to be quantitatively representative of the entire 

industry. On the other hand, it can be said qualitatively that the 

companies for which data is collected in practice are the most 

important companies operating in Turkiye and that other 

companies follow their practices, providing sufficient 

information on sector representation. 

The most important criterion for air cargo companies in 

choosing a location is that the airport should be structurally 

suitable for cargo operations. Thus, it can be stated that airport 

equipment is at the forefront of the issues that companies 

performing air cargo operations in Turkiye. In this study, both 

production and consumption balance came to the fore as 

criteria close to each other with the industrialization rate. From 

this point of view, it can be deduced that the companies that 

will choose a location as an air cargo company in Turkiye 

should make a location selection considering the 

industrialization and agricultural geography. 

The results of the research highlight the operational 

suitability of airport conditions in the location selection 

decision of air cargo companies. From this point of view, the 

equipment and operations of the new airports to be built should 

increase the diversity of services and support the convenience 

of cargo operations. Since this is the first exploratory study on 

this subject in Turkiye, it would be beneficial for the sector to 

examine the site selection criteria and priorities for air cargo 

operations by repeating the study with a wider participation in 

future studies with an increase in the number of airports that 

allow air cargo operations. 
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1. Introduction  
 

Participants in the civil aviation industry have got a lot of 

legal responsibilities towards different parties. From the 

context of the operational side, they should strictly and 

soundly follow the rules and regulations of international 

organizations such as ICAO (International Civil Aviation 

Organization), Eurocontrol, FAA (Federal Aviation 

Administration), ACI (Airport Council International) and 

national regulators. Otherwise, they should be transparent and 

accountable towards international, regional and national 

financial institutions. Financial profitability can be defined as 

the power of ensuring profit for a company in a sustainable 

manner. The financial statements of a company may give us a 

lot of insights about the financial structure of a company, also 

profitability. 

In this paper, we aim to make a comprehensive analysis of 

profitability in air navigation service providers before, after 

and during the Covid-19 period. For this purpose, we 

determined 13 different profitability ratios in the first step of 

the analysis. In the determination process, we utilize EBITDA 

(Earnings Before Interest, Taxes, Depreciation and 

Amortization)-based ratios as it is discussed in the literature 

review section. And also, we form of sample including almost 

all of the Airport Navigation Service Providers in Europe. In 

the related section detailed information about sampling was 

given. We utilize GRA (Grey Relational Analysis) and 

MABAC (Multi-Attributive Border Approximation Area 

Comparison) methodologies. The rest of the present study 

proceeds as follows: Section 2 reviews the literature on the 

related topic, Section 3 involves the ratios used in the analysis, 

definitions and data structure, Section 4 introduces the 

methodology and provides details on the data and variables, 

Section 5 explains the findings and the last section presents 

discussions, conclusions and suggestions. 

 

2. Literature Review  
 

In this section the definitions and development of 

profitability ratios for different industries are explained. 

Particularly the importance, causes and distinction of EBITDA 

and EBIT (Earnings Before Interest and Taxes) for the aviation 

industry are discussed. Detailed information on Air Navigation 

Service Providers will be given in the last section.  

According to financial statements analysis, there are 

several types such as liquidity, financial structure and 

profitability analysis. Profitability analysis shows the power of 

companies to generate profits at certain times by making use 

of costs, income, income, assets and all kinds of components 

in the statutory financial statements. In the following 

paragraphs, we try to analyze the importance of some financial 

profitability ratios in different industries and countries. In 

terms of different ratios, Hermawan & Mulyawan (2014) 

discussed the importance of ROA (Return on Asset), ROE 
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(Return on Equity) and net profit margin as profitability 

measures to measure the relationship between profitability and 

corporate social responsibility. ROA is the focal point of 

Javaid et al. (2011) analysis of banking profitability in 

Pakistan and Adelopo et al.’s (2017) in the West African 

States. Alarussi & Gao (2021) utilized ROA and EPS 

(Earnings Per Share) ratios as the profitability measures in 

their analysis. EPS and ROE are selected also by Alarussi & 

Alhaderi (2018) to determine profitability elements in 

Malaysia’s financial industry. Tenas & Serrat (2018) used 

ROA to analyse profitability determinants in hospital 

companies in Spain. Malik (2011) stated the importance of 

ROA in the analysis of Pakistan insurance companies’ 

profitability. In Sultan’s Analysis (2014) Profit Margin (PM), 

Return on Assets (ROA), Return on Equity (ROE), Capital 

turnover ratio and Expense ratio are the main determinants of 

the Baghdad Soft-Drink Industry in Iraq.  Pervan & Mlikota 

(2013) explained the profitability with variables such as 

EBITDA in the Croatian Food and Beverage Industry. Shaida 

et al. (2018) realized a profitability analysis of Palm Oil 

Companies in Malaysia that includes ROA as the main 

profitability variable. When the main profitability metrics are 

examined, it is seen that ROA, ROE and EBITDA are the main 

ones. 

According to the analysis of Zeli & Mariani (2009) ROE, 

ROI (Return on Investment) and ROS (Return on Sales), asset 

turnover, fixed assets on total assets, leverage, profit margin, 

and profit on total assets are the main ratios in productivity 

analysis of Italian companies between the years of 1998-2002. 

Saleem & Rehman (2011) utilized the ratios of ROA, ROE and 

ROI to determine and measure the liquidity of Pakistan oil and 

gas companies, this analysis showed the importance of these 

ratios in also different financial analyses. Singh & Mogla 

(2010) utilized Operating Profit Margin (OPM), Net Asset 

Turnover Ratio (ATR), Net Profit Margin (NPM), Return on 

Capital Employed (ROCE), and Return on Net Worth 

(RONW) ratios as a part of their analyses. Scott & Arias 

(2011) argued the importance of ROA (Return on Asset) for 

banking profitability. 

It is openly stated in the paper of Bezerra & Gomes’s 

(2018), airport and airport performance analysis should 

include a lot of dimensions such as efficiency, service, safety, 

security, commercial, environmental, social, competition, 

economic-financial and operational measures. In economic 

and financial analysis, operation cost, revenue and expenditure 

structures, investments, debt, EBITDA, Cash Flow, 

Profit/Loss, ROA, ROE, ROI and operating margin are some 

of important measures. Richardson et al. (2014) showed the 

importance of Net Working Capital (Operating Liquidity) and 

Debt Ratio in the lease agreements of US hub airports. Ison et 

al. (2011) developed a framework showing the importance of 

Doganis’s REVEX ratio (Operating Income/Operating 

Expenditure) to identify controlling airport costs and revenues. 

Hooper & Hensher (1997) stated that cost efficiency, cost-

effectiveness and service effectiveness of airports should be 

considered for the airport financial performance analyses. 

Assaf (2009) highlighted the importance of capital 

investments for efficiency analysis of airports. Raghavan & Yu 

(2021) defined some clear insights related to operating metrics, 

leverage metrics and liquidity metrics for airports and their 

importance in analyzing airport performance. Vogel (2011) 

argued the importance of some financial ratios in privatized 

airports utilizing EBIT (Earnings Before Interest and Taxes) 

value.  

Otherwise ANSP (Air Navigation Service Providers) 

finance their activities by charging airlines to use their 

airspace. In order to gain more profit, they should implement 

optimum usage policies in their airspace (Castelli et al., 2013). 

Tomova (2017) defined different business-making strategies 

in the ANSP industry according to different requirements of 

miscellaneous customers (airlines, airports, airports operators, 

civil aviation authorities and ministries) and develops an 

economic model. This model provides insights into the 

mechanisms through which regulation can drive air traffic 

management performance improvements, as well as its 

limitations. According to Blondiau et al. (2016), efficient 

politics in air traffic management provide increases in the 

revenue of ANSP. Bilokatch et al. (2014) and Dempsey-

Brench & Volta (2018) criticized the cost-efficient politics in 

the European ANSP network. Adler et al. (2020) emphasized 

the importance of stakeholder policies, shareholder policies 

and economic structure of ANSP in terms of performance. 

Button & McDougall (2006) pointed out institutional and 

structural changes in ANSP Organizations and make 

conclusions about them. Grebensek & Magister (2012) 

measured the difference between ANSP due to seasonal traffic 

variability. With the explanations of Tomova (2016), it can 

clearly be understood that the role of commercial revenues can 

change with new paradigms. 

 

2.1. The distinction between EBIT and EBITDA and 
other ratios  

In a financial analysis, there are several types of revenue 

according to the literature. Especially, the main differences 

between EBIT and EBITDA can change depending on the 

industrial context. A criticism can be intensified here, for 

example, after stating their importance, Adiloğlu & Vuran 

(2017) explained that EBITDA can be more suitable for 

manufacturing companies versus service companies. 

Wandroski et al. (2016) used the net profit ratio to calculate 

the main distinctive variables such as ROA and EBITDA 

margin. Lukason (2015) utilized EBIT for European micro-

level manufacturing companies. Andres (2008) utilized EBIT 

and EBITDA measures to understand founding-family 

ownership structures. When he realizes his analysis, he utilized 

especially these two distinctive values to calculate Return on 

Asset ratio. Lopez et al. (2018) utilized also EBITDA 

measures to calculate ROA in the profitability structures of 

cheese-producing companies in Spain. According to analyses 

of Bouwens et al. (2019), EBITDA-reporting firms are 

generally smaller, more leveraged, more capital intensive, less 

profitable and have longer operating cycles than non-EBITDA 

reporting firms.  

 

3. The specific ratios in the analysis and data  
 

There are five different groups of ratios in the analysis. The 
groups and related ratios can be seen in Table 1. To reach a 
comprehensive methodology, we utilize the values of 
EBITDA. When the financial statements of ANSP in Europe 
are analyzed, it is seen that depreciation and amortization 
values are relatively high in the certain period between 2017-
2022 (www.eurocontrol, 2022). On the other side, that period 
is so catastrophic due to the COVID-19 crisis. Furthermore, 
the utilization of assets, debts, expenditures and activities to 
yield more returns and profits is part of this comprehensive 
analysis according to the general condition of the European 
ANSP’s network.     
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The first group of ratios can be defined as expenditure analysis 

ratios. This group shows how the air navigation service 

providers utilized their capital or operational expenditures to 

retain profit and returns between the years of 2017 and 2022. 

The second group of ratios shows how their assets are utilized 

to yield more returns between related years. Differences 

between assets are of great importance due to the industrial 

nature of ANSP and their different structures. The third group 

of analyze ratios described the utilization of debts in order to 

take returns. As the analysis period is a catastrophic one, long- 

and short-term differences in debt should gain more insight. 

The ability to turn them into financial returns is a special 

ability especially for this term. In the fifth section, there are 

specific ratios related to the use of their investments and these 

values show the situations of ANSP. There are 36 European 

ANSP which were analyzed and data was taken from 

EUROCONTROL's ANSP website 

 

 

Table 1. The Ratios Used in The Analysis 
RATIOS 

1. OPEX (Operational Expenditure) / CAPEX (Capital Expenditure) ANALYSES  

Profit/Opex Profit per operational expenditure (POPEX) 

Profit/Capex Profit per capital expenditure (PAPEX) 

A. POPEX/PAPEX  The ratio of POPEX to PAPEX 

Return on OPEX Return (EBITDA) per operational expenditure (ROPEX) 

Return on CAPEX Return (EBITDA) per capital expenditure (RAPEX) 

B. ROPEX/RAPEX The ratio ROPEX to RAPEX  

C. OPEX/CAPEX Operational expenditure per capital expenditure 

2. ASSET ANALYSES 

D. ROA-1- Return (EBITDA) on Fixed assets 

E. ROA-2- Return (EBITDA) on Current assets  

F. ROA-3- Return (EBITDA) on Total assets 

3. DEBT ANALYSES 

G. ROD-1- Return (EBITDA) on Short-Term Debts 

H. ROD-2-  Return (EBITDA) on Long-Term Debts 

I. ROD-3- Return (EBITDA) on Total Debts 

4. STOCK RETURN ANALYSES 

J. ROE-1 RETURN(EBITDA) on equity 

K. FCF/SE Free cash flow/Shareholder equity 

5. OPERATIONAL ANALYSES 

L. RONOA Return (EBITDA) per an operational activity 

M. RONIA Return (EBITDA) per an investment activity 

4. Methodology 
 

4.1. MABAC (Multi Attributive Border Approximation 
Area Comparison) Method  

MABAC method which was developed by Pamučar & 

Ćirović (2015), evaluations are made by measuring the 

distance of the criteria functions of each alternative to the 

boundary approximation area (Ayçin & Çakın, 2019: 334). 

The method consists of seven steps. The first step is to form 

the decision matrix (𝑋) as in Equation (1). 𝑚 is number of 

alternatives and, 𝑛 is number of criteria in this expression. 

Alternatives are shown with the vector as 𝐴𝑖 =
(𝑥𝑖1, 𝑥𝑖2, … 𝑥𝑖𝑛) while 𝑥𝑖𝑗 is the value of decision unit 𝑖 

according to criteria 𝑗 (𝑖 = 1,2, … , 𝑚; 𝑗 = 1,2, … , 𝑛). 

 

𝑋 = [

𝑥11 𝑥12 … 𝑥1𝑛

𝑥21 𝑥22 … 𝑥2𝑛

… … … …
𝑥𝑚1 𝑥𝑚2 … 𝑥𝑚𝑛

]           (1) 

In the second step of the method, the matrix (𝑋) is 

normalized. The normalized decision matrix (𝑁) is stated in 

Equation (2).  

 

𝑁 = [

𝑡11 𝑡12 … 𝑡1𝑛

𝑡21 𝑡22 … 𝑡2𝑛

… … … …
𝑡𝑚1 𝑡𝑚2 … 𝑡𝑚𝑛

]           (2) 

For normalization processes, Equation (3) is used for 

beneficial criteria and Equation (4) is used for non beneficial 
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criteria. The 𝑥𝑖
+  in the equations represents the maximal and 

𝑥𝑖
−  the minimal values of the observed criteria by alternatives. 

 

𝑡𝑖𝑗 =
𝑥𝑖𝑗−𝑥𝑖

−

𝑥𝑖
+−𝑥𝑖

−             (3) 

𝑡𝑖𝑗 =
𝑥𝑖𝑗−𝑥𝑖

+

𝑥𝑖
−−𝑥𝑖

+             (4) 

In the third step of the method, the 𝑁 matrix is weighted by 

using Equation (5). As a result of this process, the 𝑉 matrix is 

obtained. 𝑤𝑖 are the weight values of the relevant criteria. 

 

𝑣𝑖𝑗 = 𝑤𝑖*𝑡𝑖𝑗+𝑤𝑖             (5) 

The next step is to obtain the bordering approximative 

areas matrix (𝐺). Equation (6) is used to calculate the matrix 

elements (𝑔𝑖). In this expression, 𝑚 represents the total 

number of alternatives. 𝐺 matrix is as in Equation (7). 𝑛 

represents the total number of criteria. 

 

𝑔𝑖 = (∏ 𝑣𝑖𝑗
𝑚
𝑗=1 )

1/𝑚
                         (6) 

𝐺 = (𝑔1, 𝑔2, … . 𝑔𝑛)                         (7) 

The fifth step is the calculation of the distance matrix (𝑄) 

elements (𝑞𝑖𝑗) to the boundary approximative areas of the 

decision alternatives with Equation (8). 

 

𝑄 =  𝑉 −  𝐺 = [

𝑞11 𝑞12 … 𝑞1𝑛

𝑞21 𝑞22 … 𝑞2𝑛

… … … …
𝑞𝑚1 𝑞𝑚2 … 𝑞𝑚𝑛

]                       (8) 

With the values obtained in the fifth step, the status of each 

decision alternative (𝐴𝑖)  are determined according to the 

boundary approximative areas. In this context, alternatives can 

belong to the bordering approximative area (𝐺), the upper 

bordering approximative area (𝐺+), or lower bordering 

approximative area (𝐺−). The values of the best alternative 

according to the criteria should mostly be found in (𝐺+). These 

areas are shown in Figure 1. Equation (9) is used to determine 

which area the alternative belongs to (Pamučar & Ćirović, 

2015; Bozanic et al., 2016). 

 

 

Figure 1. Representation of Bordering Approximative Areas 

𝐴𝑖∈ {

𝐺+ 𝑖𝑓 𝑞𝑖𝑗 >  𝑔𝑖

𝐺 𝑖𝑓 𝑞𝑖𝑗 =  𝑔𝑖

𝐺− 𝑖𝑓 𝑞𝑖𝑗 <  𝑔𝑖

                         (9) 

The final step of the MABAC method is the ranking of 

decision alternatives. This ranking is made according to 

Equation (10) (Vesković, 2018; Demir et al., 2021). 

𝑆𝑖=∑ 𝑞𝑖𝑗
𝑛
𝑗=1  ,  𝑗 = 1,2, … , 𝑛,   𝑖 = 1,2, … 𝑚                                 (10) 

4.2. Gray Relational Analysis (GRA) Method  
Gray Relational Analysis (GRA) developed on the basis of 

GST is a ranking and classification technique (Wen, 2004; 

Yıldırım, 2014). This method is used as a reference to 

determine the degree of effect between factors and this degree 

is called as gray relational degree (Üstünışık, 2007). 

Similarities or differences between the analyzed elements are 

obtained by this measurement. The steps of the method are as 

follows.  

The first step of the method is to form the decision matrix 

(𝑋). This matrix with (𝑚𝑥𝑛) dimension where the total number 

of alternatives is 𝑚 and the number of criteria is 𝑛 is as 

represented in Equation (11). 𝑥𝑖𝑗 is the value of decision unit 𝑖 

according to criteria 𝑗.  

 

𝑋 = [

𝑥1(1) 𝑥1(2) … 𝑥1(𝑛)

𝑥2(1) 𝑥2(2) … 𝑥2(𝑛)
… … … …

𝑥𝑚(1) 𝑥𝑚(2) … 𝑥𝑚(𝑛)

] 𝑖 = 1,2, … , 𝑚;  𝑗 = 1,2, … , 𝑛      (11) 

In the second step, the reference series (𝑥0 = (𝑥0(𝑗)) 

(difference values)) and the comparison matrix are 

determined. 𝑥0(𝑗) is defined as the maximal value of the 

normalized criteria. The reference series is added to the first 

row of (𝑋) to form the comparison matrix. 

The third step is to normalize the 𝑋 matrix. Different 

equations are used depending on whether the criteria is 

beneficial or non beneficial. Equation (12) is used for 

beneficial and Equation (13) is used for non beneficial criteria. 

In addition, Equation (14) is used if the values in the matrix 

contribute positively to the purpose according to the 

determined optimal value (𝑥𝑜𝑏(𝑗)). 

 

𝑥𝑖
∗ =

𝑥𝑖(𝑗)−𝑚𝑖𝑛𝑗𝑥𝑖(𝑗)

𝑚𝑎𝑥𝑗𝑥𝑖(𝑗)−𝑚𝑖𝑛𝑗𝑥𝑖(𝑗)
                       (12) 

𝑥𝑖
∗ =

𝑚𝑎𝑥𝑗𝑥𝑖(𝑗)−𝑥𝑖(𝑗)

𝑚𝑎𝑥𝑗𝑥𝑖(𝑗)−𝑚𝑖𝑛𝑗𝑥𝑖(𝑗)
                      (13) 

𝑥𝑖
∗ =

|𝑥𝑖(𝑗)−𝑥𝑜𝑏(𝑗)|

𝑚𝑎𝑥𝑗𝑥𝑖(𝑗)−𝑥𝑜𝑏(𝑗)
                       (14) 

The normalized decision matrix (𝑋∗)  is represented as 

Equation (15). 

 

𝑋∗ = [

𝑥1
∗(1) 𝑥1

∗(2) … 𝑥1
∗(𝑛)

𝑥2
∗(1) 𝑥2

∗(2) … 𝑥2
∗(𝑛)

… … … …
𝑥𝑚

∗ (1) 𝑥𝑚
∗ (2) … 𝑥𝑚

∗ (𝑛)

]          (15) 

The next step is to form the absolute value matrix (△𝑜𝑖). 

The absolute value of the difference between 𝑥0and 𝑥𝑖
∗  is used 

to form this matrix. These calculations are made by means of 
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Equation (16) and the relevant matrix is formed as in Equation 

(17). 

 

△𝑜𝑖 (𝑗)=|𝑥𝑜(𝑗)∗ − 𝑥𝑖
∗(𝑗)| 𝑖 = 1,2, … , 𝑚;  𝑗 = 1,2, … , 𝑛     (16) 

△𝑜𝑖= [

△𝑜1 (1) △𝑜1 (2) … △𝑜1 (𝑛)

△𝑜2 (1) △𝑜2 (2) … △𝑜2 (𝑛)
… … … …

△𝑜𝑚 (1) △𝑜𝑚 (2) … △𝑜𝑚 (𝑛)

]        (17) 

The fifth step is to calculate the gray relational coefficient 

matrix as stated in Equation (18). △𝑚𝑎𝑥 represents the 

maximal value change in the sequence and calculated by 

𝑚𝑎𝑥𝑖𝑚𝑎𝑥𝑗 △𝑜𝑖 (𝑗). Besides △𝑚𝑖𝑛 represents the minimal 

value change in the array and calculated by 𝑚𝑖𝑛𝑖𝑚𝑖𝑛𝑗 △𝑜𝑖 (𝑗). 

 is expressed as the distinguishing coefficient and takes 

values in the range of 0-1. This coefficient, which is used as 

0.5 in studies conducted in different fields in the literature, is 

used to expand or narrow the range of the gray correlation 

coefficient value. (Güneysu et al., 2015). 

 


𝑜𝑖

(𝑗) =
△𝑚𝑖𝑛+△𝑚𝑎𝑥

△𝑜𝑖(𝑗)+△𝑚𝑎𝑥
                       (18) 

The last step of the method is to calculate gray relational 

grades. If the criteria weights (𝑤𝑖) are equal, the gray relational 

grades are calculated by Equation (19), if different, by 

Equation (20). Each alternative is ranked according to these 

values and the first one is evaluated as the most suitable 

alternative (Demir et al., 2021). 

 

𝑜𝑖 =
1

𝑛
∑ 

𝑜𝑖
(𝑗)𝑛

𝑗=1                (19) 

𝑜𝑖 = ∑ [𝑤𝑖(𝑗) ∗ 
𝑜𝑖

(𝑗)]𝑛
𝑗=1                                          (20 ) 

 

5. Findings 
 

In this analysis, we try to make a profitability analysis of 

34 airport service providers from different countries in Europe. 

The period in which the analyzes were made covers the years 

between 2017 and 2020. It is also aimed to make a 

comprehensive analysis of impacts of COVID-19 with 13 

different profitability ratios respecting airport service 

providers’ profitability. The ratios of the relevant companies 

in the relevant years were evaluated together and as a single 

data set. The weights (𝑤𝑖) of the criteria are accepted as equal. 

The data of decision units and the results of the analysis can be 

seen in Table 2 and Table 3 respectively. 

Table 2. Annual Profitability Ratios of Decision Units 

2017 

ANSP 
POPEX/PA

PEX 
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Albcontrol      0.39      0.18     0.57    0.14      0.17      1.31      1.78     0.76  

        

1.03  -1.09       2.54  0.39 0.01 

ANS CR      0.22      0.21     0.33    0.13      0.15      0.98      6.49     0.85  

        

1.04  -1.34       4.57  0.22 0.03 

Fintraffic      0.08      0.58     0.65    0.31      0.79      0.71      1.75     0.50  
        
1.26  -1.51     13.02  0.08 0.36 

ARMATS      0.08      0.66     0.75    0.35      0.41      3.91      6.48     2.44  

        

1.18  -17.89     13.08  0.08 0.32 

Austro Control      0.11      0.11     0.45    0.09      0.51      1.78      0.11     0.11  
        
0.66  -0.57       9.09  0.11 0.48 

Avinor 

Flysikring      0.17      0.00     0.01    0.00      0.03      0.01      0.00     0.00  

        

0.02  -0.02       5.94  0.17 -0.12 

BULATSA      0.16      0.23     0.25    0.12      0.15      0.67      3.62     0.57  

        

1.74  -2.13       6.15  0.16 0.02 

Croatia Control      0.15      0.42     0.32    0.18      0.30      1.69      0.61     0.45  

        

1.12  -2.58       6.78  0.15 0.16 

DFS      0.11      0.18     0.10    0.06  -  0.21      0.51      0.05     0.05  

        

0.53  -1.28       9.20  0.11 - 0.23 

DHMI      0.63      0.30     1.53    0.25      0.32      1.56      4.85     1.18  
        
1.80  -2.29       1.58  0.63 0.04 

DSNA      0.14      0.28     0.37    0.16      0.43      5.16      0.26     0.25  

        

0.79  -1.13       7.32  0.14 0.16 

EANS      0.37      0.45     1.98    0.37      0.70      1.77      1.36     0.77  

        

1.11  -2.31       2.69  0.37 0.28 

ENAIRE      0.13      0.71     0.71    0.35      0.45      3.46      3.00     1.61  

        

0.53  

       

0.32       7.92  0.13 0.77 

ENAV      0.19      0.20     0.43    0.14      0.24      0.77      0.53     0.31  

        

1.41  -2.71       5.18  0.19 0.07 

HungaroControl      0.14      0.36     0.44    0.20      0.24      1.36      6.31     1.12  
        
1.17  -1.88       7.03  0.14 0.13 

IAA      0.09      0.48     0.18    0.13      0.23      1.31      0.39     0.30  

        

0.70  -0.52     11.14  0.09 0.26 

LFV      0.08      0.18     0.07    0.05      0.57      0.60      0.06     0.06  

        

0.50  -1.93     12.30  0.08 0.85 

LGS      0.25      0.32     0.61    0.21      0.23      2.52    16.81     2.19  

        

1.01  -1.40       3.95  0.25 0.07 
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LPS      0.04      0.18     0.19    0.09      0.13      0.53      1.02     0.35  1.00  -12.6     26.28  0.04 0.09 

LVNL      0.12      0.31     0.44    0.18      0.43      0.74      0.53     0.31  

        

0.93  -1.92       8.46  0.12 0.24 

MATS      0.13      0.42     0.27    0.17      0.20      2.97      1.62     1.05  
        
1.37  -2.15       7.94  0.13 0.08 

M-NAV      0.05      0.51     0.29    0.19      0.21      3.50      4.58     1.98  

        

1.12  -5.77     19.57  0.05 0.15 

MOLDATSA      0.02      0.26     0.27    0.13      0.16      3.00      1.17     0.84  

        

4.02  -0.98     45.35  0.02 0.02 

NATS      0.29      0.21     0.60    0.15      0.33      1.08      0.39     0.29  

        

0.87  -1.58       3.46  0.29 0.18 

NAV Portugal      0.10      0.15     0.10    0.06      0.19      0.25      0.14     0.09  

        

0.46  -1.28     10.26  0.10 0.26 

NAVIAIR      0.11      0.12     0.45    0.09      0.15      0.61      0.38     0.23  
        
0.71  -1.10       9.04  0.11 0.10 

Oro Navigacija      0.42      0.12     0.26    0.08      0.09      1.03      2.22     0.70  

        

0.77  -1.39       2.37  0.42 -0.10 

PANSA      0.22      0.17     0.32    0.11      0.21      0.63      0.40     0.24  

        

1.18  -1.11       4.50  0.22 -0.01 

ROMATSA      0.06  -  0.17  - 0.15  -0.08  -  0.21  -  0.29  -   0.24  - 0.13  

        

5.97  1.86     17.59  0.06 -0.15 

Sakaeronavigatsi

a      0.58      0.23     1.02    0.19      0.21      3.99      4.98     2.22  

        

0.97  -1.06       1.73  0.58 0.02 

Skyguide      0.18      0.11     0.19    0.07      0.14      0.39      0.21     0.14  
        
1.91  -0.64       5.59  0.18 - 0.15 

Slovenia Control      0.05      0.28     1.10    0.23      0.40      0.98      1.12     0.52  

        

1.24  -4.79     18.72  0.05 0.24 

SMATSA      0.22      0.15     0.54    0.11      0.15      0.93      1.23     0.53  

        

1.08  -1.19       4.50  0.22 0.01 

UkSATSE      0.12      0.10     0.15    0.06      0.06      1.43      3.05     0.97  

        

0.46  -1.06       8.62  0.12 0.08 

2018 

ANSP 
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Albcontrol      0.23      0.19     0.53    0.14      0.16      1.15      5.24     0.94  

        

1.06  -1.67       4.39  0.23 0.06 

ANS CR      0.34      0.21     0.41    0.14      0.16      1.38      5.10     1.09  

        

1.14  -0.89       2.91  0.34 -0.04 

Fintraffic      0.03      0.56     0.33    0.21      0.56      0.52      0.90     0.33  

        

0.73  -5.04     34.44  0.03 0.65 

ARMATS      0.16      0.62     0.62    0.31      0.36      3.57      6.53     2.31  

        

1.30  -6.39       6.30  0.16 0.21 

Austro Control      0.11      0.09     0.35    0.07      0.45      1.18      0.09     0.09  

        

0.64  -0.72       8.72  0.11 0.37 

Avinor 

Flysikring      0.13      0.18     0.37    0.12      1.09      0.52      0.18     0.13  

        

1.49  -1.49       7.63  0.13 - 0.03 

BULATSA      0.10      0.28     0.27    0.14      0.16      1.40      2.30     0.87  
        
1.56  -3.62     10.31  0.10 0.06 

Croatia Control      0.24      0.45     0.32    0.19      0.32      1.58      0.63     0.45  

        

1.03  

       

2.86       4.18  0.24 0.12 

DFS      0.09      0.15     0.09    0.06  -  0.19      0.39      0.05     0.04  -0.69  -1.12     10.69  0.09 0.42 

DHMI      0.51      0.42     1.10    0.30      0.43      1.54      3.18     1.04  

        

1.51  -3.27       1.94  0.51 0.15 

DSNA      0.15      0.24     0.40    0.15      0.34      6.00      0.28     0.27  

        

0.84  -0.91       6.72  0.15 0.03 

EANS      0.48      0.43     1.70    0.34      0.59      1.91      1.40     0.81  

        

1.07  -1.47       2.08  0.48 0.15 

ENAIRE      0.13      0.58     0.56    0.29      0.38      2.36      2.32     1.17  
        
0.46  

       
0.44       7.63  0.13 0.72 

ENAV      0.20      0.22     0.38    0.14      0.25      0.83      0.49     0.31  

        

0.93  -2.36       5.05  0.20 0.16 

HungaroControl      0.15      0.29     0.44    0.17      0.21      1.35      6.40     1.11  

        

1.13  -1.32       6.75  0.15 0.10 

IAA      0.22      0.36     0.17    0.12      0.20      1.10      0.38     0.28  

        

0.89  -1.07       4.61  0.22 0.08 

LFV      0.11      0.10     0.04    0.03      0.36      0.31      0.04     0.03  

        

0.42  -0.82       8.90  0.11 0.42 

LGS      0.24      0.30     0.52    0.19      0.21      2.16    20.90     1.96  
        
0.99  -1.32       4.18  0.24 0.05 

LPS      0.07      0.19     0.20    0.10      0.13      0.58      1.01     0.37  

        

1.07  -2.12     14.22  0.07 0.06 

LVNL      0.30      0.10     0.19    0.07      0.18      0.27      0.16     0.10  

        

0.54  -0.31       3.35  0.30 -0.26 
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MATS      0.19      0.13     0.16    0.07      0.09      0.96      0.54     0.35  0.65  -0.56       5.34  0.19 0.03 

M-NAV      0.04      0.56     0.25    0.17      0.19      3.26      3.62     1.72    1.24  -6.89     24.84  0.04 0.13 

MOLDATSA      0.12      0.20     0.20    0.10      0.12      1.55      0.86     0.55  - 5.28  

       

2.22       8.34  0.12 - 0.12 

NATS      0.25      0.19     0.59    0.14      0.34      0.81      0.37     0.25  
        
0.89  

-      
1.22       4.02  0.25 0.18 

NAV Portugal      0.12      0.20     0.14    0.08      0.27      0.23      0.25     0.12  

        

0.67  -1.39       8.45  0.12 0.21 

NAVIAIR      0.11      0.12     0.39    0.09      0.15      0.58      0.39     0.23  

        

1.07  -0.76       8.85  0.11 0.03 

Oro Navigacija      0.35      0.16     0.33    0.11      0.13      0.74      1.87     0.53  

        

0.74  -1.48       2.88  0.35 0.03 

PANSA      0.23      0.20     0.37    0.13      0.23      1.02      0.42     0.30  

        

1.24  -1.31       4.33  0.23 0.01 

ROMATSA      0.04      0.16     0.13    0.07      0.21      0.21      0.24     0.11  
        
1.55  -3.04     24.83  0.04 0.05 

Sakaeronavigatsi

a      0.51      0.20     0.83    0.16      0.17      4.11      5.58     2.37  

        

0.90  -1.11       1.94  0.51 0.04 

Skyguide      0.18      0.23     0.40    0.14      0.29      1.04      0.39     0.28  

        

2.55  -1.37       5.55  0.18 -0.10 

Slovenia Control      0.06      0.31     0.98    0.24      0.38      1.04      1.72     0.65  

        

1.21  -4.23     16.33  0.06 0.22 

SMATSA      0.22      0.11     0.52    0.09      0.11      0.94      0.73     0.41  

        

1.83  -0.90       4.48  0.22 -0.06 

UkSATSE      0.09      0.18     0.32    0.12      0.12      3.25      3.33     1.64  
        
1.98  -2.89     10.77  0.09 0.02 
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Albcontrol      0.26      0.18     0.55    0.14      0.15      1.51    75.38     1.48  

        

2.59  -0.94       3.81  0.26 -0.06 

ANS CR      0.26      0.14     0.33    0.10      0.12      0.65      4.86     0.57  
        
0.90  -0.80       3.91  0.26 -0.02 

Fintraffic      0.08      0.57     0.22    0.16      0.44      0.39      0.68     0.25  

        

0.54  -0.76     13.28  0.08 0.56 

ARMATS      0.06      0.55     0.44    0.25      0.28      2.99      5.83     1.98  

        

1.24  -18.9     16.01  0.06 0.20 

Austro Control      0.11      0.06     0.28    0.05      0.34      1.03      0.06     0.06  

        

0.67  -0.56       9.28  0.11 0.17 

Avinor 

Flysikring      0.22      0.01     0.05    0.01      0.11      0.05      0.02     0.01  

        

0.08  -0.08       4.61  0.22 0.07 

BULATSA      0.14      0.21     0.19    0.10      0.12      0.87      1.73     0.58  
        
0.77  -1.42       6.97  0.14 0.07 

Croatia Control      0.18      0.43     0.27    0.16      0.29      1.43      0.51     0.37  

        

0.94  -1.01       5.43  0.18 0.18 

DFS      0.11      0.07     0.04    0.03  -  0.04      0.13      0.02     0.02  
        
0.77  -0.50       9.16  0.11 0.03 

DHMI      0.51      0.47     0.91    0.31      0.43      1.55      4.05     1.12  

        

2.39  -3.28       1.96  0.51 0.05 

DSNA      0.13      0.18     0.78    0.14      0.29      5.22      0.30     0.28  

        

0.91  -0.91       7.97  0.13 0.01 

EANS      0.23      0.36     0.71    0.24      0.53      2.00      0.56     0.44  

        

1.01  -2.66       4.33  0.23 0.29 

ENAIRE      0.14      0.29     0.44    0.18      0.23      1.41      1.40     0.70  

        

0.30  

       

0.34       7.07  0.14 0.67 

ENAV      0.19      0.21     0.35    0.13      0.25      0.73      0.47     0.29  
        
0.82  -3.01       5.26  0.19 0.20 

HungaroControl      0.20      0.23     0.30    0.13      0.19      1.44      0.58     0.42  

        

1.08  -1.21       4.99  0.20 0.08 

IAA      0.16      0.31     0.15    0.10      0.20      0.71      0.28     0.20  

        

0.78  -1.15       6.34  0.16 0.15 

LFV      0.17      0.05     0.03    0.02      0.24      0.18      0.02     0.02  

        

0.25  -0.33       5.82  0.17 0.24 

LGS      0.37      0.21     0.57    0.15      0.18      1.91      2.11     1.00  

        

0.97  -0.74       2.71  0.37 -0.06 

LPS      0.10      0.15     0.19    0.08      0.11      0.55      0.98     0.35  
        
1.38  -1.22       9.84  0.10 -0.01 

LVNL      0.28  -  0.05  - 0.21  -0.04  -  0.19  -  0.14  -   0.07  - 0.05  

        

0.82  

       

0.20       3.63  0.28 -1.15 

MATS      0.13      0.24     0.28    0.13      0.33      1.61      0.25     0.21  

        

1.31  -3.79       7.59  0.13 0.17 

M-NAV      0.16      0.15     0.08    0.05      0.07      0.57      0.58     0.29  

        

0.83  -0.49       6.17  0.16 -0.05 
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MOLDATSA      0.05      0.24     0.23    0.12      0.14      3.58      0.91     0.73  0.34  -3.99     19.76  0.05 0.37 

NATS      0.24      0.16     0.34    0.11      0.28      0.95      0.21     0.17  

        

1.17  -1.74       4.13  0.24 0.07 

NAV Portugal      0.12      0.12     0.17    0.07      0.22      0.26      0.17     0.10  -0.58  -0.91       8.45  0.12 -0.63 

NAVIAIR      0.11      0.09     0.25    0.06      0.11      0.42      0.26     0.16  
        
0.86  -0.74       9.11  0.11 0.02 

Oro Navigacija      0.10      0.17     0.28    0.11      0.15      0.68      0.69     0.34  

        

1.56  -3.58       9.63  0.10 0.05 

PANSA      0.27      0.14     0.27    0.09      0.18      0.69      0.25     0.19  

        

0.90  -0.86       3.71  0.27 -0.01 

ROMATSA      0.05      0.12     0.13    0.06      0.16      0.32      0.16     0.11  -1.02  -1.57     20.80  0.05 -0.25 
Sakaeronavigatsi

a      0.47      0.10     0.62    0.09      0.09      1.96      3.09     1.20  

        

0.95  -0.58       2.15  0.47 - 0.06 

Skyguide      0.17      0.16     0.28    0.10      0.21      0.68      0.26     0.19  

        

0.55  -1.02       5.82  0.17 0.19 

Slovenia Control      0.19      0.33     0.86    0.24      0.37      1.14      1.73     0.69  
        
1.23  -1.45       5.25  0.19 0.04 

SMATSA      0.25      0.09     0.42    0.07      0.10      0.69      0.49     0.29  

        

1.00  -0.67       4.03  0.25 -0.05 

UkSATSE      0.09  -  0.22  - 0.82  -0.17  -  0.19  -  3.06  -   7.30  - 2.15  

        

1.55  

       

2.48     11.72  0.09 -0.20 

2020 

ANSP 
POPEX/PA

PEX 
ROA-1- 

ROA-

2- 

ROA-

3- 

 ROE-

1-  

ROD-

1- 

ROD-

2- 

ROD-

3- 

R
O

- 
n

et
 

o
p

er
a
ti

n
g
 

a
ct

iv
it

ie
s 

R
O

- 
n

et
 

in
v
es

ti
n

g
 

a
ct

iv
it

ie
s 

 

O
P

E
X

/C
A

P
E

X
 

R
et

u
rn

 o
n

 

O
P

E
X

/R
et

u
rn

 

o
n

 C
a
p

ex
 

fr
ee

 c
a
sh

 

fl
o
w

/S
h

a
re

h
o
ld

e

r 
E

q
u

it
y

 

Albcontrol      0.10      0.06     0.16    0.04      0.05      0.41      2.13     0.34  
        
0.87  -0.28     10.27  0.10 0.03 

ANS CR      0.26  -  0.19  - 0.49  -0.14  -  0.21  -  1.23  -   0.58  - 0.39  

        

1.22  

       

1.34       3.79  0.26 -0.33 

Fintraffic      0.03  -  0.78  - 0.59  -0.33  -  1.48  -  0.52  -   2.68  - 0.43  

        

0.58  

       

6.60     34.88  0.03 -2.76 

ARMATS      0.23  -  0.16  - 0.33  -0.11  -  0.12  -  2.40  -   2.02  - 1.10  

        

0.50  

       

1.13       4.30  0.23 -0.35 

Austro Control      0.11  -  0.07  - 0.65  -0.07  -  0.99  -  0.67  -   0.08  - 0.07  

        

1.09  

       

1.46       8.77  0.11 -1.45 

Avinor 
Flysikring      0.27  -  0.09  - 0.18  -0.06  -  0.43  -  0.29  -   0.10  - 0.07  

        
0.84  

       
1.10       3.64  0.27 -1.28 

BULATSA      0.18      0.09     0.21    0.06      0.08      0.53      1.99     0.42  -0.52  -0.91       5.44  0.18 -0.23 

Croatia Control      0.16  -  0.03  - 0.05  -0.02  -  0.03  -  0.15  -   0.07  - 0.05  

        

0.09  -0.64       6.34  0.16 -0.46 

DFS      0.07      0.01     0.01    0.01  -  0.01      0.04      0.00     0.00  -0.04  -0.21     13.78  0.07 0.22 

DHMI      0.26      0.07     0.15    0.05      0.08      0.14      0.68     0.12  

        

5.61  -0.84       3.84  0.26 -0.08 

DSNA      0.13      0.10     0.36    0.08      0.29      4.66      0.11     0.10  -0.24  -0.93       7.82  0.13 -1.51 

EANS      0.14  -  0.04  - 0.09  -0.03  -  0.08  -  0.11  -   0.06  - 0.04  

        

0.37  

       

0.40       7.05  0.14 - 0.41 

ENAIRE      0.15  -  0.42  - 1.09  -0.30  -  0.45  -  2.03  -   1.70  - 0.93  

        

2.69  -0.60       6.47  0.15 -0.33 

ENAV      0.15      0.11     0.31    0.08      0.17      0.42      0.26     0.16  - 1.02  -3.73       6.61  0.15 -0.25 

HungaroControl      0.29  -  0.25  - 0.43  -0.16  -  0.28  -  1.07  -   0.58  - 0.37  

        

1.15  -0.90       3.45  0.29 - 0.44 

IAA      0.10      0.09     0.05    0.03      0.06      0.24      0.08     0.06  -0.30  

       

0.12     10.39  0.10 -0.27 

LFV      0.24      0.18     0.16    0.08      1.51      0.74      0.10     0.09  
        
0.51  -1.14       4.20  0.24 2.03 

LGS      0.18  -  0.12  - 0.28  -0.08  -  0.11  -  0.56  -   1.13  - 0.37  

        

6.42  

       

2.03       5.63  0.18 - 0.12 

LPS      0.20  -  0.27  - 0.46  -0.17  -  0.22  -  1.65  -   1.60  - 0.81  

        

1.36  

       

1.61       5.12  0.20 -0.29 

LVNL      0.21  -  0.26  - 0.86  -0.20      2.27  -  1.26  -   0.21  - 0.18  

        

0.53  

       

1.65       4.70  0.21 5.69 

MATS      0.04  -  0.03  - 0.07  -0.02  -  0.07  -  0.21  -   0.04  - 0.03  

        

0.75  -0.36     25.88  0.04 -0.12 

M-NAV      0.07  -  0.57  - 0.60  -0.29  -  0.36  -  7.26  -   1.88  - 1.49  
        
1.11  

       
5.27     13.44  0.07 - 0.40 

MOLDATSA      0.04  -  0.40  - 0.57  -0.24  -  0.25  -  5.34  -   8.98  - 3.35  

        

1.45  

       

9.70     24.28  0.04 -0.20 

NATS      0.13      0.12     0.51    0.10      0.34      0.61      0.18     0.14  -0.78  -13.73       7.81  0.13 -0.56 

NAV Portugal      0.19  -  0.01  - 0.05  -0.01  -  0.02  -  0.02  -   0.02  - 0.01  0.03  0.07       5.37  0.19 - 1.16 
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NAVIAIR      0.08      0.06     0.13    0.04      0.07      0.23      0.15     0.09  -0.25  0.98     12.09  0.08 -0.34 

Oro Navigacija      0.09  -  0.04  - 0.08  -0.03  -  0.04  -  0.19  -   0.15  - 0.08  0.22  

       

0.95     11.21  0.09 - 0.20 

PANSA      0.21      0.01     0.03    0.01      0.01      0.03      0.01     0.01  -0.05  -0.06       4.79  0.21 - 0.39 

ROMATSA      0.07      0.05     0.03    0.02      0.05      0.10      0.03     0.02  -0.05  -0.33     14.58  0.07 -1.21 

Sakaeronavigatsi
a      0.04  -  0.09  - 0.23  -0.06  -  0.09  -  0.69  -   0.31  - 0.21  

        
1.97  

       
4.64     22.78  0.04 -0.06 

Skyguide      0.14  -  0.22  - 0.40  -0.14  -  0.30  -  0.32  -   1.70  - 0.27  

        

0.86  

       

1.82       7.22  0.14 - 0.52 

Slovenia Control      0.08  -  0.40  - 2.06  -0.33  -  0.99  -  0.88  -   1.19  - 0.50  

        

0.94  

       

4.39     11.92  0.08 -1.29 

SMATSA      0.30  -  0.18  - 1.13  -0.16  -  0.31  -  1.29  -   0.42  - 0.32  

        

1.79  

       

1.41       3.39  0.30 -0.40 

UkSATSE      0.06  -  0.25  - 2.15  -0.22  -  0.28  -  3.55  -   1.41  - 1.01  1.74  8.40     18.16  0.06 -0.20 

 

 

Table 3. Profitability Performance Values According to MABAC and GRA Method 

MABAC GRA 

RANKINGS DMU 
PERFORMANCE 

VALUES 
RANKINGS DMU 

PERFORMANCE 

VALUES 

1 DHMI-2017 0.6205 1 DHMI-2017 0.6345 

2 Sakaeronavigatsia-2017 0.6095 2 Sakaeronavigatsia-2017 0.6185 

3 EANS-2018 0.6002 3 EANS-2018 0.6059 

4 DHMI-2019 0.5957 4 EANS-2017 0.6015 

5 DHMI-2018 0.5894 5 Sakaeronavigatsia-2018 0.5969 

6 Sakaeronavigatsia-2018 0.5885 6 DHMI-2019 0.5961 

7 EANS-2017 0.5832 7 DHMI-2018 0.5910 

8 Albcontrol-2019 0.5658 8 ENAIRE-2017 0.5881 

9 ENAIRE-2017 0.5438 9 ARMATS-2017 0.5835 

10 LGS-2017 0.5335 10 ARMATS-2018 0.5769 

11 ARMATS-2018 0.5310 11 Albcontrol-2019 0.5726 

12 Sakaeronavigatsia-2019 0.5276 12 MOLDATSA-2017 0.5627 

13 LGS-2018 0.5236 13 LGS-2017 0.5518 

14 MOLDATSA-2017 0.5201 14 ENAIRE-2018 0.5500 

15 LGS-2019 0.5141 15 Fintraffic-2017 0.5416 

16 ENAIRE-2018 0.5126 16 LGS-2018 0.5410 

17 Albcontrol-2017 0.5101 17 M-NAV-2017 0.5402 

18 ANS CR-2018 0.5055 18 Sakaeronavigatsia-2019 0.5391 

19 ARMATS-2017 0.5052 19 M-NAV-2018 0.5379 

20 EANS-2019 0.4999 20 ARMATS-2019 0.5370 

21 Croatia Control-2018 0.4993 21 LVNL-2020 0.5331 

22 Fintraffic-2017 0.4986 22 Fintraffic-2018 0.5291 

23 Oro Navigacija-2017 0.4943 23 DSNA-2018 0.5285 

24 M-NAV-2017 0.4922 24 LGS-2019 0.5283 

25 Slovenia Control-2019 0.4905 25 Croatia Control-2018 0.5266 

26 M-NAV-2018 0.4905 26 EANS-2019 0.5262 

27 LFV-2020 0.4884 27 Albcontrol-2017 0.5243 

28 Fintraffic-2018 0.4867 28 Slovenia Control-2019 0.5227 

29 NATS-2017 0.4828 29 ANS CR-2018 0.5220 

30 Oro Navigacija-2018 0.4798 30 DSNA-2017 0.5216 

31 DSNA-2018 0.4791 31 DSNA-2019 0.5213 

32 HungaroControl-2017 0.4783 32 MATS-2017 0.5184 

33 DSNA-2017 0.4762 33 Slovenia Control-2018 0.5159 

34 MATS-2017 0.4758 34 HungaroControl-2017 0.5156 

35 Albcontrol-2018 0.4745 35 Oro Navigacija-2017 0.5147 

36 DSNA-2019 0.4734 36 Slovenia Control-2017 0.5144 

37 HungaroControl-2018 0.4732 37 UkSATSE-2018 0.5143 

38 Slovenia Control-2018 0.4717 38 LFV-2020 0.5130 

39 NATS-2018 0.4705 39 HungaroControl-2018 0.5108 

40 Croatia Control-2019 0.4705 40 Fintraffic-2019 0.5099 

41 Slovenia Control-2017 0.4699 41 DHMI-2020 0.5096 

42 ANS CR-2017 0.4681 42 Croatia Control-2019 0.5090 

43 ENAIRE-2019 0.4675 43 NATS-2017 0.5085 

44 DHMI-2020 0.4672 44 Croatia Control-2017 0.5084 

45 UkSATSE-2018 0.4666 45 ENAIRE-2019 0.5075 

46 ARMATS-2019 0.4660 46 Albcontrol-2018 0.5061 

47 Croatia Control-2017 0.4657 47 Oro Navigacija-2018 0.5049 

48 Skyguide-2018 0.4627 48 NATS-2018 0.5023 

49 PANSA-2018 0.4618 49 IAA-2017 0.5021 

50 ANS CR-2019 0.4613 50 ANS CR-2017 0.5018 
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51 IAA-2018 0.4599 51 Skyguide-2018 0.5017 

52 Fintraffic-2019 0.4597 52 MOLDATSA-2019 0.5016 

53 SMATSA-2017 0.4592 53 LVNL-2017 0.4995 

54 HungaroControl-2019 0.4586 54 IAA-2018 0.4992 

55 SMATSA-2018 0.4566 55 HungaroControl-2019 0.4980 

56 NATS-2019 0.4563 56 PANSA-2018 0.4980 

57 PANSA-2019 0.4548 57 Avinor Flysikring-2018 0.4970 

58 LVNL-2017 0.4537 58 BULATSA-2018 0.4970 

59 Avinor Flysikring-2018 0.4529 59 SMATSA-2017 0.4970 

60 ENAV-2017 0.4523 60 ANS CR-2019 0.4956 

61 ENAV-2018 0.4523 61 SMATSA-2018 0.4954 

62 PANSA-2017 0.4519 62 LGS-2020 0.4940 

63 LVNL-2020 0.4519 63 ENAV-2017 0.4939 

64 IAA-2017 0.4508 64 DSNA-2020 0.4939 

65 MOLDATSA-2019 0.4504 65 ENAV-2018 0.4937 

66 SMATSA-2019 0.4495 66 NATS-2019 0.4934 

67 BULATSA-2017 0.4495 67 BULATSA-2017 0.4934 

68 LVNL-2018 0.4485 68 PANSA-2017 0.4922 

69 BULATSA-2018 0.4474 69 PANSA-2019 0.4919 

70 ENAV-2019 0.4463 70 MATS-2019 0.4911 

71 MATS-2019 0.4422 71 ENAV-2019 0.4904 

72 Austro Control-2017 0.4413 72 Austro Control-2017 0.4901 

73 IAA-2019 0.4401 73 SMATSA-2019 0.4899 

74 BULATSA-2019 0.4373 74 IAA-2019 0.4892 

75 Skyguide-2019 0.4359 75 ROMATSA-2017 0.4884 

76 MATS-2018 0.4343 76 LVNL-2018 0.4880 

77 Skyguide-2017 0.4330 77 BULATSA-2019 0.4877 

78 Austro Control-2018 0.4308 78 UkSATSE-2017 0.4852 

79 UkSATSE-2017 0.4294 79 Skyguide-2019 0.4848 

80 NAVIAIR-2018 0.4275 80 MATS-2018 0.4838 

81 DSNA-2020 0.4271 81 Austro Control-2018 0.4835 

82 ROMATSA-2018 0.4269 82 Skyguide-2017 0.4833 

83 Oro Navigacija-2019 0.4266 83 NAVIAIR-2018 0.4827 

84 NAVIAIR-2017 0.4256 84 ROMATSA-2018 0.4825 

85 LPS-2018 0.4253 85 Oro Navigacija-2019 0.4825 

86 LFV-2017 0.4249 86 LPS-2018 0.4823 

87 LPS-2019 0.4243 87 NAVIAIR-2017 0.4817 

88 M-NAV-2019 0.4241 88 MOLDATSA-2018 0.4814 

89 NAV Portugal-2018 0.4224 89 LPS-2019 0.4812 

90 Austro Control-2019 0.4201 90 LFV-2017 0.4801 

91 BULATSA-2020 0.4201 91 M-NAV-2019 0.4792 

92 NAVIAIR-2019 0.4152 92 NAV Portugal-2018 0.4791 

93 Avinor Flysikring-2019 0.4138 93 Austro Control-2019 0.4780 

94 LGS-2020 0.4133 94 BULATSA-2020 0.4766 

95 Albcontrol-2020 0.4130 95 LPS-2017 0.4762 

96 LFV-2019 0.4124 96 NAVIAIR-2019 0.4757 

97 NAV Portugal-2017 0.4124 97 Albcontrol-2020 0.4747 

98 LFV-2018 0.4117 98 NAV Portugal-2017 0.4740 

99 LPS-2017 0.4078 99 LFV-2018 0.4726 

100 ROMATSA-2017 0.4043 100 Sakaeronavigatsia-2020 0.4725 

101 ENAV-2020 0.4042 101 LFV-2019 0.4713 

102 MOLDATSA-2018 0.4040 102 Avinor Flysikring-2019 0.4711 

103 PANSA-2020 0.4034 103 DFS-2017 0.4707 

104 DFS-2017 0.4031 104 ROMATSA-2019 0.4705 

105 ROMATSA-2019 0.4022 105 NAV Portugal-2019 0.4698 

106 NAV Portugal-2019 0.4018 106 ENAV-2020 0.4695 

107 LVNL-2019 0.4000 107 NAVIAIR-2020 0.4687 

108 DFS-2019 0.3997 108 DFS-2018 0.4679 

109 DFS-2018 0.3982 109 DFS-2019 0.4675 

110 NAVIAIR-2020 0.3981 110 PANSA-2020 0.4669 

111 Avinor Flysikring-2017 0.3978 111 IAA-2020 0.4664 

112 Sakaeronavigatsia-2020 0.3960 112 MATS-2020 0.4660 

113 IAA-2020 0.3951 113 LVNL-2019 0.4657 

114 MATS-2020 0.3938 114 Avinor Flysikring-2017 0.4648 

115 Avinor Flysikring-2020 0.3904 115 NATS-2020 0.4635 

116 DFS-2020 0.3900 116 DFS-2020 0.4630 

117 NAV Portugal-2020 0.3879 117 Avinor Flysikring-2020 0.4627 

118 Croatia Control-2020 0.3834 118 NAV Portugal-2020 0.4612 

119 EANS-2020 0.3831 119 ROMATSA-2020 0.4611 

120 NATS-2020 0.3826 120 EANS-2020 0.4592 

121 ROMATSA-2020 0.3819 121 Oro Navigacija-2020 0.4588 
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122 Oro Navigacija-2020 0.3796 122 Croatia Control-2020 0.4582 

123 ANS CR-2020 0.3752 123 ANS CR-2020 0.4549 

124 SMATSA-2020 0.3702 124 SMATSA-2020 0.4549 

125 HungaroControl-2020 0.3690 125 HungaroControl-2020 0.4511 

126 ARMATS-2020 0.3551 126 MOLDATSA-2020 0.4482 

127 Skyguide-2020 0.3502 127 UkSATSE-2020 0.4474 

128 LPS-2020 0.3458 128 Skyguide-2020 0.4470 

129 Austro Control-2020 0.3385 129 Fintraffic-2020 0.4467 

130 UkSATSE-2020 0.3043 130 ARMATS-2020 0.4454 

131 UkSATSE-2019 0.2994 131 Austro Control-2020 0.4445 

132 ENAIRE-2020 0.2983 132 LPS-2020 0.4436 

133 MOLDATSA-2020 0.2852 133 UkSATSE-2019 0.4294 

134 Fintraffic-2020 0.2801 134 ENAIRE-2020 0.4281 

135 Slovenia Control-2020 0.2639 135 Slovenia Control-2020 0.4241 

136 M-NAV-2020 0.2609 136 M-NAV-2020 0.4229 

According to the results shown in Table 3, DHMI-2017, 

Sakaeronavigatsia-2017 and EANS-2018 were in the first 

three ranks in both of the analysis methods. Besides, the same 

8 decision units take place within first-ten decision units 

according to both of the analysis methods. For these reasons, 

the results are parallel in MABAC and GRA methodologies. 

In addition, the companies with the worst three performances 

according to the MABAC methodology are Fintraffic-2020, 

Slovenia Control-2020 and M-NAV-2020, while the 

companies with the worst three performances according to the 

GRA methodology are ENAIRE-2020, Slovenia Control-2020 

and M-NAV-2020. Nevertheless, the average performance 

values of first-ten decision units and annually average 

profitability performance values were shown in Table 4. The 

average performance values are the geometric means of the 

values obtained according to the two methods. 

 

Table 4. Top 10 Decision Units and Average Profitability 

Performance Values by Years 

DMU 
Average Performance 

Values 

DHMI-2017 0.6275 

Sakaeronavigatsia-2017 0.6140 

EANS-2018 0.6030 

DHMI-2019 0.5959 

Sakaeronavigatsia-2018 0.5927 

EANS-2017 0.5924 

DHMI-2018 0.5902 

Albcontrol-2019 0.5692 

ENAIRE-2017 0.5659 

ARMATS-2018 0.5539 

2017 0.4963 

2018 0.4928 

2019 0.4739 

2020 0.4191 

 

According to Table 4, the annual values decreased 

constantly in the period between 2017 and 2020. Comparing 

the year 2017 (when the highest performance was 

experienced) and 2020 (when the effects of COVID-19 were 

experienced the most) the decrease was around 16%.   

 

6. Conclusion 
 
As in the dependent organizations of aviation industry, the 

most interesting one is Air Navigation Service Providers 

(ANSP). Their financial structures which are compulsive to 

understand and important for effectiveness of air 

transportation and logistics systems. EBITDA is used in this 

analysis, depending on the high values of amortization and 

depreciation in the financial tables of ANSP. In general, this 

study is the first comprehensive analysis on profitability 

measures of ANSP, also it is the first one in terms of using 13 

different criteria regarding profitability. Two different 

methods are utilized, and it is found possibility of making 

comparative analysis. To the best knowledge of the authors, 

this is the first study that investigates the profitability 

performances of European ANSP in this context.  

Findings show that DHMI-2017, Sakaeronavigatsia-2017 

and EANS-2018 were in the first three ranks in both of the 

analysis methods. Besides it has been observed that the overall 

profitability performances decrease every year between 2017-

2020. Besides, it is seen that COVID-19 has deeply affected 

ANSP industry as other industries. It is also seen in the 

analyzes that 2020, when the effects of COVID-19 were most 

intense, was the year with the lowest performance. Compared 

to 2017, a 16% decrease was observed. The findings show that 

quality, efficiency, and effectiveness of the airspace 

management and ANSP’ financial management in these 

countries for the period of 2017-2020 are decent. Also, the 

density and strategical importance of these countries’ 

airspaces in that period may be other reasons.  

 

The foremost limitation of this study is the inaccessibility 

and timespan of all relevant data for the companies, another 

one is that there is no comprehensive literature about ANSP 

financial management. The findings of the research are quite 

normal when focusing on the developing structure of Turkish 

aviation and the importance of Turkish airspace (Toydemir & 

Mutlu, 2019). Also, the importance of Georgian Airspace and 

Sakaeronavigatsia emerged in this period. The performance of 

EANS suggests that more studies should be conducted on 

Estonian Baltic aviation industry. In addition, the authors 

consider expanding this study to cover a longer period.   
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1. Introduction 
 

In the aviation business, information and communication 
technologies (ICTs) are essential for the functioning of airline 
service systems and passenger relationship management. 
Airlines can effectively handle flight scheduling, ticketing, 
baggage handling, and consumer services, among other 
activities, owing to these technologies. In addition, it enables 
real-time communication between ground employees and 
pilots, ensuring that passengers travel safely and on schedule. 
Airlines may collect and analyze consumer data using these 
technologies, which helps them better target their services and 
marketing to specific passengers and enhance their overall 
consumer experience (Polat, 2021). ICTs integration in the 
aviation industry has, all things considered, substantially 
increased productivity and consumer happiness, making it an 
essential part of contemporary air travel. 

The development of airline loyalty programs, which aim to 
reward and retain consumers through a range of perks and 
advantages, has been significantly influenced by ICTs. 
Airlines can now gather and analyze data on consumer 
behavior and preferences, allowing them to customize their 
loyalty programs to better serve their consumers' needs and 
preferences. ICTs have made it possible for airlines to focus 
their marketing efforts more effectively on loyalty programs, 
which has improved consumer involvement and engagement 
(Lacey & Sneath, 2006). The ability to redeem rewards online 

or through mobile applications is just one example of how 
ICTs have allowed airlines to provide more convenient and 
individualized services to loyalty program participants (Ahn et 
al., 2015). Non-members have also been impacted by loyalty 
schemes. The exposure of loyalty program perks on social 
media sites might make non-members feel FOMO (fear of 
missing out), which can encourage them to sign up for the 
program. Airline loyalty programs' choices for membership 
and participation may make the program more appealing to 
non-members (Meyer-Waarden, 2008; Leenheer et al., 2007). 

Airline loyalty programs have permitted more focused 
marketing, tailored services, and greater accessibility for both 
members and non-members. Consumers are motivated by 
prizes, competition, and social engagement in gamified loyalty 
programs. Gamification, the "application of game features and 
design concepts in non-game situations," has drawn more 
attention as a means of inspiring and energizing users of 
service systems (Deterding et al., 2011). Uncertainty exists 
over the efficiency of gamification in inspiring and involving 
non-users or those who are yet to accept or use a service 
system. Using ICT-based gamification approaches in airline 
passenger interactions has the potential to boost loyalty and the 
consumer experience. Gamification is the use of game-like 
components to engage and inspire people to complete desired 
tasks. These components included points, prizes, and 
challenges. Airlines may provide consumers with a more 
pleasurable and engaging travel experience by introducing 
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gamification into their interaction with passengers, which will 
eventually enhance consumer satisfaction and loyalty (Pasca 
et al., 2021). 

In order to boost user engagement and involvement, 
gamification has been widely used in a variety of industries, 
including business, education, health, and government 
(Wanick & Bui, 2019; Rodrigues et al., 2019). By boosting 
non-users' motivation, enjoyment, and perception of the 
system's utility, gamification can have a beneficial effect on 
non-users of service systems and raise their desire to use them 
(Koivisto & Hamari, 2014). Gamification also increases a 
system's readiness to communicate with and share information 
with non-users (Yang et al., 2017). Gamification techniques 
encourage cooperation and social engagement among non-
users, which may be strong motivations for some people 
(Deterding et al., 2011). This is important for service systems 
that rely on user-generated content or that require user 
cooperation to achieve a common objective. In summary, 
gamification is an effective way to engage and motivate non-
users of a service system by providing a sense of purpose, 
competition, social interactions, and fun. It can also increase 
non-users' intentions to use the system and their willingness to 
share information and collaborate with others. 

Self-Determination Theory (SDT) is relevant for 
understanding the effects of gamification on non-users of 
service systems (Suh et al., 2018). It is a psychological theory 
that explains how people's basic psychological needs for 
autonomy, competence, and relatedness influence their 
behavior, well-being, and motivation (Ryan & Deci, 2002). 
According to the SDT, people are more likely to be genuinely 
driven and enjoy a feeling of well-being when their 
fundamental psychological needs are met through their 
experiences and activities. On the other hand, if these 
fundamental wants are not addressed, people can become more 
extrinsically driven and feel out of control. An emerging field 
of study is the use of SDT for the gamification of service 
systems. Numerous areas, including education (Gagné & Deci, 
2005), sports (Standage et al., 2005), and health care, have all 
been the subject of SDT research (Osei-Frimpong, 2017). In 
the context of service systems, gamification components such 
as badges and points can increase feelings of competence, 
relatedness, and autonomy (Richter et al., 2015). 

This research suggests that SDT could be a useful 
framework for understanding the effects of gamification on 
non-users of service systems. The original value of this study 
is to reveal why gamification processes, which have been 
previously discussed in terms of different contexts and areas 
in the literature, are important for people who are not users of 
service systems. In addition, this study is expected to 
contribute to the literature in this field (in the aviation context). 
Organizations can motivate and engage non-users by 
designing service systems that support people's basic 
psychological needs such as autonomy, competence, and 
relatedness through gamification elements. In this context, this 
study examines the impact of gamification (especially airline 
loyalty programs), social influence, and consumer 
innovativeness on the behavioral intentions of non-users of 
service systems.  

2. Conceptual Framework 
 

2.1. Gamification and Non-users of Service Systems 
According to extensive research in the field of psychology, 

gamification, the application of game design principles in 
contexts other than games, may have a variety of advantages, 
especially for behavior modification (Lin et al., 2018). The use 

of gamification to improve engagement and the adoption of 
service systems by non-users has been a prominent topic of 
research in this field (Lee, 2019). 

For non-users of a service system, gamification may be 
crucial for a number of reasons (Novak et al., 2018; Xiao et 
al., 2021; Guo et al., 2022): 

• Motivation: Gamification may provide users with a 
sense of success and purpose, which is especially useful 
for attracting non-users who may lack a clear driving 
force to utilize the system. 

• Competition: Gamification may add a competitive 
component to the system, which can be a strong 
incentive for certain individuals. 

• Social interaction: Gamification has the potential to 
encourage social engagement and teamwork, which 
may appeal to non-users who do not necessarily feel 
connected to the service system. 

• Fun: Gamification helps to increase consumer 
satisfaction with the service system, which can be a 
major motivator for becoming less frequent users more 
active. 

Based on SDT, three fundamental psychological needs—
autonomy, competence, and relatedness—can affect why 
someone chooses to engage in a certain activity (Ryan & Deci, 
2002). By giving users the ability to customize their 
experiences, offer clear goals and feedback, and foster a 
feeling of social connection through competition or 
cooperation, gamification can be utilized to meet these 
demands. The application of gamification to a service system 
improves user engagement and adherence to treatment 
regimens (Pramana et al., 2018). Gamification processes are 
effective tools for promoting sustainable behaviors, such as 
recycling or energy conservation (Douglas & Brauer, 2021), 
as well as increasing recycling rates and decreasing waste 
production (Santti et al., 2020). The literature suggests that 
gamification has the potential to increase the engagement and 
adoption of service systems, particularly among non-users, by 
addressing psychological needs and providing clear goals, 
feedback, and incentives.  

In the context of service systems, SDT can be used to 
understand the motivations and behaviors of non-users or 
individuals who have not yet adopted or utilized a service (Lee, 
2019). Literature has shown that people's basic psychological 
needs can influence their decision to use or not use a service 
system (Sheldon, 2005). A service system may be more likely 
to draw and retain non-users if it is built to fulfill people's 
fundamental psychological requirements for autonomy, 
competence, and relatedness. 

2.2. Social Influence, Gamification & Behavioral Intention 
Social influence is one of the main elements that affect how 

well gamification works. Social influence significantly affects 
how people behave and make decisions, especially in the 
setting of service systems (Li, 2013). The idea of social 
influence relates to how other people affect a person's 
attitudes, beliefs, and behavior (Abrahamse & Steg, 2013). 
Social influence is a powerful asset that may be used to inspire 
and include people in service systems, even those who do not. 
One strategy utilized to boost involvement among non-users is 
the gamification of service systems. 

Gamification may increase social influence in various 
ways, including by promoting social contacts, establishing 
social norms, and providing social comparison data (Suh et al., 
2018). For instance, gamified workout software may allow 
users to create exercise groups with their friends or display 
how their progress stacks up against their friends. These social 
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pressures might encourage users to continue using the app and 
succeed in their objectives (Pei-Shan & Hsi-Peng, 2014). The 
first hypothesis of this study is provided below. 

H1: Social influence influences service system non-users’ 
gamification usage in a positive and significant way.  

Additionally, social influence is a key idea in 
comprehending how consumers decide whether to use service 
systems. According to the notion of social influence, people 
are greatly affected by the behavior and attitudes of others 
around them (Hu et al., 2019). This can occur through various 
forms of social influence such as normative influence 
(conformity to group norms), informational influence (reliance 
on information from others), and interpersonal influence 
(direct persuasion from others). Friends and family members 
who use a certain service system can have a beneficial 
influence on a non-intentional user to utilize that system 
(Fischer-Preßler et al., 2022). Consequently, the second 
hypothesis is as follows: 

H2: Social influence influences service system non-users’ 
behavioral intention in a positive and significant way.  

2.3. Consumer Innovativeness, Gamification & 
Behavioral Intention 

Consumer innovativeness is the willingness of consumers’ 
willingness to try novel products, services, and concepts (Al-
Jundi et al., 2019). It has been demonstrated that the idea of 
consumer innovativeness has a significant role in the 
acceptance and usage of new technologies and service 
systems. For consumers of service systems who are not users, 
consumer innovativeness is a key indicator of engagement in 
the gamification process (Chauhan et al., 2022). Consumer 
innovativeness often determines whether current non-users 
will start using the service system often (Dawi & Jalil, 2019). 
Even in the absence of monetary compensation, it serves as a 
significant predictor of involvement in service systems 
(Baswani et al., 2021). Therefore, this study proposes the 
following hypothesis: 

H3: Consumer innovativeness influences service system non-
users’ gamification usage in a positive and significant way.  

Additionally, among non-users of service systems, 
consumer innovativeness is a highly significant predictor of 
behavioral intention. Innovative consumers are often more 
inquisitive, daring, and open-minded, which increases their 
likelihood of engaging in novel activities (Japutra & Hossain, 
2021). They also frequently exhibit greater readiness to take 
chances and try new things, which raises the possibility that 
they will be open to experimenting with novel service models. 
Innovation increases the probability that people will frequently 
use a service (Kaur et al., 2020). Consumer innovativeness 
increases the possibility that non-users will become regular 
users of service systems, which has a significant impact on 
their behavioral intentions (Singh et al., 2022). Based on these 
justifications, the following theory is proposed. 

H4: Consumer innovativeness influences service system non-
users’ behavioral intention in a positive and significant way.  

2.4. Gamification and Behavioral Intention  
Gamification incorporating aspects such as feedback, 

competition, and choice can improve consumer demand 
(autonomy, competence, and relatedness) and boost 
consumers’ behavioral intention to use a service system (Yang 
et al., 2017). Consumers' perceptions of competence and 
relatedness were dramatically boosted by gamification 
components, such as feedback and competition, which 
increased their propensity to utilize the service system (Suh et 

al., 2017; Tobon et al., 2020). Additionally, giving consumers 
a choice in gamified service systems boosted their perception 
of their independence, which raised their inclination to utilize 
the service (Zainuddin et al., 2020; Xu et al., 2022). The use 
of gamification can lead to certain behaviors, such as better 
learning outcomes or more knowledge (Lee, 2019). 
Gamification has been shown to have behavioral effects on 
users' pro-social behavior and continued service usage 
(Hamari & Koivisto, 2015a; 2015b; Harwood & Garry, 2015; 
Rai & Beck, 2017; Mulcahy et al., 2020; Whittaker et al., 
2021). In this situation, service system non-users can 
experience the same consequences and motivator sources. To 
increase the behavioral intention of non-users to use a service 
system, it may be more beneficial to offer clear feedback and 
possibilities for competition and choice: 

H5: Gamification influences service system non-users’ 
behavioral intention in a positive and significant way.  

2.5. Gamification as a Mediator 
Users’ perceptions of other users' perceptions of the 

service's use are likely to be reflected in their social influence. 
By receiving "likes" and "comments," individuals can receive 
feedback on how well they live up to the expectations of other 
users (Hamari & Koivisto, 2013). Gamification is an effective 
technique for modifying the link between social influence and 
behavioral intentions by enhancing non-users’ perceptions of 
behavioral control. Consumers are more inclined to engage in 
behavior when they believe that they have greater control over 
it. By increasing task transparency and providing users with 
visible feedback on progress, gamification components, such 
as points, badges, and leaderboards, can boost users' 
perceptions of behavioral control (Hamari, 2017; Alhammad 
& Moreno, 2020). Gamification may boost consumer 
motivation and engagement by encouraging social interaction 
between users and non-users. By enhancing the behavioral 
control, motivation, and social connections of service system 
non-users, gamification can serve as a mediator between social 
influence and behavioral intentions: 

H6: Gamification has a mediating role between social 
influence and behavioral intention. 

The experience is made more enjoyable and engaging in 
game design components, such as challenges and prizes, which 
can motivate users to interact with the service system (Liu et 
al., 2011; Xu et al., 2013). When a service system incorporates 
gamification, consumers are encouraged to buy more services, 
which increases their behavioral intent to keep using the 
system (Hamari & Koivisto, 2015b; Hsu & Chen, 2021). In 
conclusion, by encouraging a sense of exploration and 
discovery, gamification can serve as a mediator between 
consumer innovativeness and the behavioral intention of 
service system non-users: 

H7: Gamification has a mediating role between consumer 
innovativeness and behavioral intention. 

3. Materials and Methods 
 
In this study, a questionnaire was developed from the literature 

to test the hypotheses that examine the relationship between 

social influence, consumer innovativeness, gamification, and 

behavioral intention for service system non-users. The 

research dataset was collected from air passengers who used 

air transportation at least once and had no loyalty program 

membership.There were two sections in the questionnaire. The 

first segment contained questions created using a 5-point 

Likert scale to assess the study's components, while the second 

section contained inquiries meant to ascertain the participants' 
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demographic details. Reliable measures were chosen after a 

thorough literature study to verify that the construct in the 

questionnaire was content-valid. Additionally, academics and 

travelers examined the content of the questions. 
 

The conceptual model of the study is shown in Figure 1. 

Figure 1. Conceptual Model 

The questionnaire items were adapted from the literature: 

• Social influence (3 items): Venkatesh et al., 2012,  
• Consumer innovativeness (3 items); San Martín & 

Herrero, 2012, 
• Gamification (3 items); Baptista & Oliveira, 2017, 
• Behavioral intention (3 items); Venkatesh et al., 

2012. 
Data were gathered from an online survey of airline 

passengers from Turkey who had no loyalty program 
membership. The participants were primarily asked about their 
flight frequencies and airline preferences, and it was 

determined that they had previously performed at least one 
flight. For the next question, the target audience was assessed 
by asking whether they had any airline loyalty program 
membership. IP limitation was used to stop participants from 
completing numerous questions on the same computer. In 
total, there were 172 returns. There were 126 questionnaires 
left after incomplete and coherent questionnaires were 
removed for processing.  

Participants’ demographic statistics (gender, age, 
education, occupation, airline travel frequency, and airline 
choice) are presented in Table 1. 

By clearly defining scale items, keeping questions short, 
labeling each point on the response scale to remove any 
potential for ambiguity, and using both positively and 
negatively worded measures to account for acquiescence and 
dis-acquiescence biases, procedural remedies were used to 
improve the scale items. Harman's single-factor methodology 
was applied to assess common method bias. The cut-off point 
for using Harman’s single-factor test was that 50% of the 
variation was explained by the biggest factor (Podsakoff et al., 
2003). All the scales that comprised the elements of the 
measurement model were compelled to create a single 
dimension using factor analysis (R2=33,2%). The application 
of a one-factor solution demonstrated a lack of a common 
method bias (Arica et. al., 2022). The relationships between 
the variables in the study model were examined using the PLS-
SEM approach (Ringle et al., 2015). Reliability was assessed 
using composite reliability (CR), Cronbach's alpha, and rho A. 
For these, a cutoff value of 0.7. Expectation constructions are 
a sub-item of the consumer innovativeness variable. “I am 
often the first to try new services among the people around 
me.” was removed because the factor loading was lower 
(Table 2).  

 

Table 1. Participants Demographic Statistics 

 F %  F % 

Gender Occupation 

Male 60 48 Public 26 20.6 

Female 66 52 Private 11 8.7 

Total 126 100 Student 84 66.7 

Age Other 5 4.0 

18-25 83 65.9 Total 126 100 

26-32 18 14.3 Travel Frequency 

33-40 14 11.1 Once a Year 49 38.9 

41-48 4 3.2 >2 times a year 53 42.1 

>over 49 7 5.6 Once a month 4 3.2 

Total 126 100 >2 times a month 2 1.6 

Education Once a week 18 14.3 

Associate 33 26.2 Total 126 100 

Bachelor’s  78 61.9 Airline Choice 

Master 7 5.6 THY 73 57.9 

PhD 8 6.3 Pegasus 29 23.0 

Total 126 100 SunExpress 10 7.9 

   AnadoluJet 14 11.1 

   Total 126 100 

 

Consumer 

Innovativeness 

Social Influence 

Gamification 

Behavioral 

Intention 
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Table 2. Measurement model statistics 

Construct Items Loadings α rho_A CR AVE 

Consumer Innovativeness 
CIN1 0,874 

.864 .864 .864 .761 

CIN2 0,871 

Social Influence 

SOI1 0,865 

.857 .860 .857 .668 
SOI2 0,822 

SOI3 0,761 

Gamification 

GAM1 0,831 

.821 .850 .830 .624 
GAM2 0,627 

GAM3 0,888 

Behavioral 

Intention 

BI1 0,824 

.914 .917 .914 .779 
BI2 0,881 

BI3 0,940 

The average variance extracted (AVE) with a threshold of 
0.5 explains convergent validity (Hair et al., 2014). By 
examining the heterotrait-monotrait ratio (HTMT), which has 
been referred to as a prognosis for factor correlations, 
discriminant validity is evaluated. According to Monte Carlo 
simulations conducted by Voorhees et al. (2016), HTMT 
outperforms more conventional measures of discriminant 
validity, and its value should be below the threshold of 0,9 
(Henseler et al., 2015). Discriminant validity was guaranteed 
by all HTMT ratios (Table 3). 

Table 3. Heterotrait-Monotrait Ratio (HTMT) 

 Behavioral 

Intention 
Gamification 

Social 

Influence 

Gamification 0.731   

Social Influence 0.700 0.666  

Consumer 

Innovativeness 
0.520 0.670 0.459 

 

4.2. Hypothesis Testing 
Gamification, social impact, and consumer innovativeness 

variables all had variance inflation factor (VIF) values below 
the cut-off of 5. (Hair et al., 2017). As a result, Table 4 does 
not achieve the threshold level of the predictor constructs. 

Table 4. Inner VIF values of the structural model 

 Gamification 
Behavioral 

Intention 

Behavioral Intention  ----- 

Gamification ----- 2.588 

Social Influence 1.267 1.811 

Consumer 

Innovativeness 
1.267 1.811 

 
Following factor analysis and goodness of fit testing, the 

path coefficient with 5000 bootstrapping was used to examine 
the direct and indirect effects in the structural model. The 
direct and indirect effects of consumer innovativeness and 

social influence on behavioral intention via gamification are 
presented in Table 5. 

Mediation takes place when a third mediator variable steps 
between two related constructs. Changes in the exogenous 
construct in the PLS path model result in changes in the 
mediator variable, which then result in changes in the 
endogenous construct. Therefore, a mediator variable controls 
the connection between the two constructs (Hair et al. 2017). 
A bootstrapping process of the particular indirect effects was 
used to examine the mediating impact of gamification on the 
relationship between consumer innovativeness and behavioral 
intention and social influence and behavioral intention. This 
was done in accordance with the method provided by Zhao et 
al. (2010) for identifying mediation effects. 

The direct effects of consumer innovativeness (H1; 
β=0.457, p<0.001), and social influence (H3; β=0.458, 
p<0.001) on gamification were also significant and positive. 
While the direct effect of social influence (H2; β= 0.389, 
p<0.05) on gamification were significant and positive, the 
relationship between consumer innovativeness on behavioral 
intention wasn’t significant (H4; β= 0.059, p>0.05). The direct 
effect of gamification (H5; β= 0.415, p<0.05) on behavioral 
intention was significant and positive. Subsequently, the 
indirect effect of consumer innovativeness on behavioral 
intention through gamification is also positive and significant 
(H7; β= 0.197, p <0.05). However, gamification had no 
mediation effect between social and behavioral intention 
relationships (H6: β= 0.196, p>0.005). The results are 
presented in Table 5. The indirect effect of the gamification 
variable indicated that, the relational effect between consumer 
innovativeness and behavioral intention stems partially from 
the direct effect and partially from the indirect effect. This 
means that the gamification variable mediates the relationship 
between innovativeness and behavioral intention of 
consumers. Therefore, H7 hypothesis is supported, but H6 
hypothesis isn’t. 

The structural model of the study is shown in Figure 2.  
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Table 5. Direct and indirect effects and hypothesis tests 

Paths 
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s 
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f2
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a
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C
o

n
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u
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o
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Social Influence -> Gamification (H1) 0.457 0.112 4.086 0.266 0.000 Supported 

Social Influence -> Behavioral Intention (H2) 0.389 0.053 2.513 0.195 0.012 Supported 

Consumer Innovativeness -> Gamification (H3) 0.458 0.055 4.115 0.269 0.000 Supported 

Consumer Innovativeness -> Behavioral Intention (H4) 0.059 0.054 0.447 0.016 0.655 Not supported 

Gamification -> Behavioral Intention (H5) 0.415 0.049 2.401 0.141 0.017 Supported 

Social Influence-> Gamification->Behavioral Intention (H6) 0.196 0.104 1.833  0.067 Not supported 

Consumer Innovativeness -> Gamification->Behavioral Intention (H7) 0.191 0.090 2.123  0.034 Supported 

R2
Gamification=0.461; R2

Behavioral Intention=0.503 

Figure 2. Structural Model 

4. Conclusion  
 

In this research, the relationships between service system 

non-users’ behavioral intention to use the systems, and social 

influence, consumer innovativeness, and gamification have 

been analyzed within the context of airline passengers who did 

not have any membership in airline loyalty programs. Four 

different results were obtained within the context of this 

investigation. 

First, the relationship between gamification and social 

influence and consumer innovativeness was tested. The 

analyses showed that social influence and consumer 

innovativeness affect the effectiveness of the gamification 

process for non-users. Based on social influence, those who do 

not utilize a service system or have not yet integrated it may 

be affected by the actions and attitudes of people who use the 

system, even in the absence of concrete benefits. As mentioned 

in the literature, social influence also contributes to non-users’ 

experience of service systems by contributing to the operation 

of mechanics, which speeds up the processes of 

communicating the norms within the service systems to other 

community members and sharing and accepting them through 

game mechanics (Hamari & Eranti, 2011; Hamari & Koivisto,  

 

 

 

 

 

2015a). Gamification practices, which lead to an increase in 

social interactions in the context of service systems, support 

value co-creation processes by enabling new members to 

participate in the system (Hamari & Koivisto, 2015a; 

Sesliokuyucu & Polat, 2021). On the other hand, consumer 

innovativeness enables people to identify and fulfill their 

needs and wants, match their activities with their beliefs, feel 

competent and independent, and interact with others. When 

exposed to novel sensations, experiences, messages, or things 

in their environment, consumers' cognitive and decision-

making processes respond differently depending on how 

innovative the service is (San Martín & Herrero, 2012; Arica et 

al., 2022). It is a significant predictor of unplanned purchases 

(Floh & Madlberger, 2013; Yu et al., 2022). Consumers who 

are not innovators are more cautious and goal-focused when 

selecting new services than innovator consumers. Because 

they are aware of potential drawbacks and the loss that might 

follow from service risk, prevention-focused customers tend to 

avoid the risks connected with a service and its new qualities 

(Crowe & Higgins, 1997; Jin, 2016). As a result, consumer 

innovativeness could affect gamification process adoption and 

reduce the perceived risk of service system non-users while 

simultaneously raising their goal-focused behavior for the 

gamified service. 

Second, the findings reveal that while social influence 

significantly affects behavioral intention, consumer 
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innovativeness does not. Social influence could be an effective 

tool to increase non-users of service systems’ behavioral 

intention by affecting social comparison, and social validation. 

If consumers think that one or more significant referents agree 

that they should, then they can engage in a certain action (Yang 

et al., 2017). Consumers who have not yet used the service 

system can adopt new service systems by referencing close 

environments, and thus, the likelihood of non-users becoming 

regular users of the service system. Based on the literature 

another important and effective tool for behavioral intention is 

consumer innovativeness (e.g., Kim et al., 2017; Kamboj & 

Sharma, 2022). However, in this study consumer 

innovativeness had no significant effect on service system 

non-users’ behavioral intentions. Depending on the service 

system’s unique environment, the significance of consumer 

innovation may change. Consumer innovation may be less 

significant than practical factors in shaping behavioral 

intention in the case of service systems that are necessary for 

everyday living, such as transportation or healthcare. Except 

for customer innovativeness, other characteristics may be 

more significant predictors of behavioral intention among non-

users. For instance, the determination of behavioral intention 

may be more significantly influenced by personal traits like 

age, wealth, and education. Since the service system is 

customized to the requirements and interests of the target 

audience, consumer innovativeness may not be a significant 

component in identifying behavioral intention in some service 

systems, such as an app created for older people.  

Third, gamification has the potential to affect consumers' 

behavioral intention to utilize a service in the future or how 

likely they are to do so. The findings showed that gamification 

has a significant effect on the behavioral intentions of service 

system non-users. This result is in agreement with those of 

previous studies (García-Jurado et al., 2018; Uhm et al., 2022). 

Incorporating aspects such as feedback, competition, and choice 
can improve customer demand (autonomy, competence, and 

relatedness) and boost consumers’ behavioral intention to use a 

service system. Consumers' perceptions of competence and 

relatedness were dramatically increased by gamification 
components, such as feedback and competition, which enhanced 

their propensity to utilize the service system. Additionally, giving 

customers a choice in gamified service systems boosted their 
perception of their own independence, which raised their 

inclination to utilize the service. 
Finally, the study examined the mediating effect of 

gamification on the relationship between social influence and 

behavioral intention, consumer innovativeness, and behavioral 

intention. As a result, while the results showed that 

gamification mediates the relationship between service system 

non-users’ consumer innovativeness and behavioral intention, 

it has no mediating effect on the relationship between social 

influence and behavioral intention. Gamification mediates the 

relationship between consumer innovativeness and behavioral 

intention by increasing non-users' motivation to engage in the 

service system. Challenges and incentives are examples of 

game design components that may enhance experience and 

motivate consumers to interact with the service system. 

Additionally, gamification can boost perceptions of behavioral 

control, which, in turn might affect behavioral intentions. By 

allowing consumers explicit feedback on their progress and 

increasing task transparency, game design components like 

points, badges, and leaderboards can improve users' 

perceptions of their ability to manage their behavior. Users are 

more inclined to engage in an activity when they believe that 

they have greater control over it (Hamari & Koivisto, 2015b; 

Hsu & Chen, 2021). In addition, gamification can mediate the 

relationship between social influence and behavioral intention 

in the presence of social interactions. However, the results 

showed that gamification had no mediating effect on this 

relationship. This result can be explained by the service system 

used in the study. These conclusions might be attributed to the 

fact that airline loyalty programs, such as leaderboards, are 

often created on an individual basis and do not include 

gamification aspects for comparison. Although social 

influence has a direct impact on gamification and intention to 

use, it is projected that because gamification procedures are 

not employed more efficiently, gamification does not mediate 

the link between social influence and behavioral intention. 

Loyalty programs permit more social benchmarking, which 

may help include most consumers in the airline service system. 

This study’s results have several practical implications. 

Gamification can significantly increase new passenger 

engagement, resulting in the inclusion of new consumer 

profiles. Managers can use this to increase their market share, 

bring in more revenue, and retain existing customers. 

Additionally, managers should concentrate on offering 

creative and entertaining gamification strategies to clients to 

influence their intentions to use the service favorably, as 

gamification mediates the relationship between consumer 

innovativeness and behavioral intention. They should also use 

social influence by enticing consumers to post about their 

gamification successes and experiences on social media to 

draw on new consumers and foster consumer loyalty. 

Integrating gamification techniques and social influence into 

the consumer service system can be a successful way to boost 

consumer engagement and loyalty and expand the market.   

This study has several limitations. The major flaw of this 

research is that it only considers gamification from the 

standpoint of airline loyalty programs. The outcomes of 

various service systems may differ. In contrast, this research 

assessed people who did not use the service system. Future 

research could assess the impact of gamification on both users 

and non-users. As the data for this study were gathered from 

Türkiye, more data collection is necessary to make 

comparisons between various nations as well as to increase the 

scope of the sample in terms of age groups or cultural settings, 

which will help the findings be more broadly applicable. The 

results of this study were based on the information gathered 

through a survey. By adopting longitudinal and time-series 

research methods that provide further causal evidence, future 

research may supplement the findings of this investigation. 

Future research should use qualitative techniques to gain 

deeper insight and comprehension. 
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1. Introduction  

Hope and life satisfaction are associated with positive 

attitudes. Individuals who achieve their goals are happier 

(Snyder, 2002). Happy people may be more successful in 

business life, because they find working more enjoyable and 

are more willing to work. This positive attitude contributes to 

the increase of work performance and work efficiency. 

Therefore, the level of hope of employees is important for 

organizations. The Covid-19 pandemic reminded individuals 

of the concepts of risk and uncertainty. The World Health 

Organization defined the coronavirus outbreak on March 11, 

2020 as a “COVID-19 Pandemic” (World Health Organization 

[WHO], 2020). Since then, governments have imposed 

restrictions in many areas. Due to the pandemic and 

restrictions, the health concerns of individuals, their distance 

from other people and the decrease in communication, major 

economic crises in businesses, changes in working systems 

have had negative effects. The changes brought about by the 

pandemic have led to stress, anxiety and depression (Luthans 

& Broad, 2022). Individuals’ expectations for the future have 

decreased, and their power to cope with difficulties has 

decreased. Therefore, it has become more important than ever 

to be hopeful. In addition, being isolated from many things in 

life, being away from loved ones and being isolated, feeling of 

loneliness and not being able to go out reduced the enjoyment 

of life. With the decrease of the Covid-19 pandemic, several 

restrictions began to be lifted and individuals began to return 

to their normal working patterns. However, since the COVID-

19 pandemic has had great effects on daily life, businesses and 

institutions in many countries in the world, it was thought that 

it was not possible to go back to the past completely and a new 

era had begun. This period has been called the “new normal”. 

The aviation sector has been one of the sectors most affected 

by the pandemic. In this process, all stakeholders of the 

aviation industry and labour force in the aviation industry were 

adversely affected (International Air Transport Association 

[IATA], 2020). With the removal of restrictions in the post-

pandemic period, the hope and life satisfaction levels of 

aviation workers are examined in the study. The data were 

collected from aviation workers measuring their perceptions of 

hope and life satisfaction. Levels of hope and life satisfaction 

were determined by analyzes. Also, regression analysis was 

performed to examine the effect of hope on life satisfaction 

during this period. In accordance with the expectations, it was 

concluded that hope affected life satisfaction in a meaningful 
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and positive way. Hope is an important driving force that 

enables individuals to strive to achieve their goals and to cope 

with difficulties. Snyder et al., (1991) defined the concept as 

“hope is a positive motivational state that is based on an 

interactively derived sense of successful (a) agency (goal-

directed energy), and (b) pathways (planning to meet goals)” 

(Snyder, 2002). According to this definition hope is the 

perceived ability to acquire pathways to desired goals and to 

motivate oneself through thinking to use those pathways 

(Snyder, 2002). 

These two basic elements that create hope have an 

important role in Snyder’s theory. The first is the individual 

capacity to find successful ways to achieve goals. The other 

concept is the motivational factor, because it is important for 

individuals to be confident in identifying the right paths to 

achieve their goals (Snyder, 2002). The motivational factor in 

hope theory is the perception that one has the capacity to use 

one's own ways to achieve desired goals. Snyder defined this 

concept as “agent”. Hopeful thinking reflects the belief that 

one can find paths to desired goals and be motivated to use 

those paths. Therefore, having high hopes plays an important 

role in coping with the difficulties faced by the employees in 

business life. Considering that the aviation industry has many 

challenges, it is important that aviation employees have a high 

level of hope. People with high hopes engage in self-talk like 

“I'll find a way to get this done!” They are also more flexible 

in finding new ways to achieve their goals. More importantly, 

they challenge and struggle more with problems (Snyder et al., 

1998). Snyder's theory of hope is a cognitive theory. 

According to Snyder (2002), hope is primarily a way of 

thinking, but it is also a process in which emotions contribute 

significantly. Although emotions contribute, the basis of hope 

is thought.  

The concept of hope is similar to several concepts. These 

concepts are optimism, self-efficacy, problem solving and 

self-esteem. However, these concepts have similarities as well 

as differences with hope. Gallagher & Lopez (2009) stated that 

hope and optimism are related to subjective well-being. 

Alarcon et al. (2013) conducted a meta-analysis stating that 

hope and optimism are more appropriate as two separate 

phenomena. 

Hope is a subject of positive psychology. It has effects on 

human psychology. For example, it is positively associated 

with eustress, self-efficacy and its predictor of life satisfaction 

(O’Sullivan, 2011). In addition, hope is associated with 

subjective well-being, life satisfaction, career and career 

development, and job satisfaction (Luthans & Jensen, 2002; 

Juntunen & Wettersten, 2006). In addition, life satisfaction is 

a concept closely related to happiness. Happier people may 

tend to be more successful in various areas of life. Especially 

in workplaces where interpersonal interaction is important, life 

satisfaction and the accompanying positive attitude can affect 

performance and productivity. Duckworth et al. (2009) stated 

that teachers with higher life satisfaction have better 

performance in student achievement than their peers. 
It is known that individuals with high hope levels also have 

high life satisfaction. It has been stated in the studies in the 

literature that hope and life satisfaction are related 

(O’Sullivan, 2011). Bronk et al. (2009) stated that, identified 

purpose subscale and the searching for purpose subscale were 

also significantly positively correlated with Satisfaction with 

life scale, the pathways subscale and the agency subscale. 

Oliver et al. (2017) proved that dispositional hope, perceived 

health, and social support were the strongest predictors of life 

satisfaction. Bailey et al. (2007) stated that the agency is the 

strongest predictor of life satisfaction. Accordingly, 

individuals’ belief that goals can be achieved in general leads 

to greater well-being over belief in their ability to produce 

means to overcome obstacles. Also, as an important 

contribution, Littman-Ovadia & Raas-Rothschild (2018) 

found that life satisfaction for Airline pilots was most 

associated with character strengths such as hope, curiosity, 

pleasure, honesty and gratitude. 
 

2. Materials and Methods  
 

2.1. The Universe and Sample of the Research 
The research was conducted at 3 airports operating in the 

provinces of Istanbul (2) and Izmir (1) in Turkey. The data of 

the research were obtained from the employees in the aviation 

sector according to the convenience sampling method between 

February 2022 and March 2022. There are many challenges in 

the aviation industry in terms of employees. In addition, it has 

been one of the most affected sectors both economically and 

in terms of the psychology of employees during the pandemic 

period. For this reason, the level of hope and life satisfaction 

of employees in this sector was examined in the period when 

the new normalization started right after the pandemic. In 

addition, the effect of hope on life satisfaction was 

investigated. 252 people participated in the research. 7 of the 

questionnaires were not included in the study, because they 

were answered incompletely. Therefore, data obtained from 

245 individuals were included in the analysis. 

2.2. Data Collection Tools and Analysis of Data  
Research data were obtained for hope, life satisfaction, 

working shifts and demographic information in the post-

pandemic period. For this purpose, measurement tools for all 

variables were brought together in a questionnaire form. The 

State Hope Scale, developed by Snyder et al. (1996) and 

validated in Turkish by Bekmezci et. al., (2021), was used in 

the study. The scale is an eight-point likert. In this study, it was 

used to as a five-point likert scale measure the participants’ 

perceptions of hope (1 = absolutely false, 5 = absolutely true). 

The Life Satisfaction Scale developed by Diener et al. (1985) 

and validated in Turkish by Bekmezci & Mert (2018) was 

used. The scale is a seven-point likert. In this study, the 

statements in the Life Satisfaction Scale were measured with a 

five-point likert (1= strongly disagree, 5 = strongly agree) in 

the research. Detailed information about the characteristics of 

the scales is presented at the analysis stage. Permission was 

obtained from the researchers to use the Turkish scales 

  

2.3. Research Model and Hypotheses 
One of the main purposes of the research is to measure the 

hope and life satisfaction levels of those working in the 

aviation industry during the post-pandemic period also called 

the new normal. For this purpose, the averages of hope and life 

satisfaction were measured. 
The second main aim of the research is to investigate the 

effect of hope on life satisfaction. However, in this effect 

model, gender and age were considered as control variables. 

For this reason, correlation analysis was performed first to see 

the relationships between the variables. Then, a regression 

analysis model was established between hope and life 

satisfaction, and firstly, gender and age were included in the 

model as control variables. For this purpose, a hierarchical 
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regression model was established. Therefore, the following 

hypotheses have been formed accordingly. 

H1: There is a significant relationship between gender and 

life satisfaction. 

H2: There is a significant relationship between age and life 

satisfaction. 

H3: There is a significant relationship between hope and 

life satisfaction. 

H4: Hope has a significant and positive effect on life 

satisfaction. 

 

3. Result and Discussion  
In this stage, the descriptive findings of the 

sociodemographic information of the participants, the levels of 

hope and life satisfaction, and the findings of the model based 

on the effect of hope on life satisfaction are presented. 

Analyzes were performed with SPSS 23.0 and AMOS 23.0 

programs. 

 

3.1. Descriptive Statistics 
Research data were obtained from 245 participants. 

Participants were asked about gender, age, education, sector, 

department and their working shifts during the post-pandemic 

period. Descriptive analysis findings regarding this 

information are shown in Table 1.  

 

 

Table 1. Descriptive Statistics of the Sociodemographic Variables 

Gender N % 

 Male  130 53.1 

Female 115 46.9 

Total 245 100.0 

Age    

 19-24 54 22.0 

25-34 101 41.2 

35-44 68 27.8 

45-54 20 8.2 

55+ 2 .8 

Total 245 100.0 

Education   

 High School Graduate Degree 32 13.1 

Bachelor’s Degree 163 66.5 

Master/Doctoral Degree 50 20.4 

Total 245 100.0 

Department   

 Cabin Services 39 15.9 

Passenger Services 35 14.3 

Operation/Ground Services 77 31.4 

Aircraft Maintenance/Technical 71 29.0 

Human Resources 7 2.9 

Occupational health and Safety 8 3.3 

Purchasing/Administrative Affairs 2 .8 

Other 6 2.4 

Total 245 100.0 

Sector   

 Public 28 11.4 

Special 217 88.6 

Total 245 100.0 

Managerial Position   

 Non-manager 155 63.3 

Lower/middle level manager 70 28.6 

Top manager 20 8.2 

Total 245 100.0 

According to the results, 53.1% of the participants were 

male and 46.9% were female. The majority of the participants 

were in the 25-30 age range (% 41,2). In terms of education, 

most of the participants were university graduates (% 66,5).  

15.9% of the participants were in cabin services, 14.3% were 

in passenger services, 31.4% were in operations / ground 



JAV e-ISSN:2587-1676                                                                                                                                                    7 (1): 133-140 (2023) 

136 

 

services, 29.0% were in aircraft maintenance / technique, 2.9% 

were in human resources department, 3.3% were in 

occupational health and safety, 0.8% were in purchasing and 

administrative affairs and 2.4% in the other group. 11.4% of 

the participants were in the public sector and 86.6% were in 

the private sector. 63.3% of the participants did not have a 

managerial position. 28.6% were in the lower and middle 

management group. 8.2% held a senior management position 

(Table 1).  

Table 2.  Working Shift in the Post Pandemic Era 
Working Shift in the Post Pandemic Era  N % 

 I was compulsorily working from home, I was working at the workplace before  4 1.6 

I chose to work from home, I could work from my workplace if I wished 8 3.3 

I work from home, I have worked from home for certain times before 4 1.6 

I work from home, but I've already worked from home before 7 2.9 

I work at workplace 222 90.6 

Total 245 100.0 

Participants were asked about their ways of working from 

the workplace or from home during the post-pandemic period. 

Accordingly, the answers given by the participants are as seen 

in the table below (Table 2). Most of the participants, 90.6% 

stated that they worked at the workplace during this period. 

3.2. Measurement Validity 
Structural equation measurement model analysis was 

performed to test the construct validity of the hope and life 

satisfaction scales. Amos 23.0 program was used for this 

analysis. Measurement validity results are shown with path 

diagram in Figure 1 and model fit indices in Table 3. 

Interpretation of the results is given below the table. The path 

diagram of the measurement model is shown above (Figure 1).  

 
Figure 1. Path Diagram of the Measurement Model 

Figure 1 shows the path diagram regarding the 

measurement validity of hope and life satisfaction variables. 

The measurement model is a model that tests the relationships 

between items representing hope and hope, the relationships 

between items representing life satisfaction and life 

satisfaction, as well as the relationship and validity between 

hope and life satisfaction. Hope consists of 6 items. It was 

validated that each item represents the hope dimension. The 

hope scale was originally two-dimensional, but in this study, it 

was aimed to include hope in the research as one-dimensional. 

Therefore, one-dimensional measurement validity was tested. 

Bekmezci et al. They tested hope as one-dimensional, first 

level and secondary level. They stated that the secondary level 

analysis had indicated better fit. However, they stated that the 

one-dimensional structure was also within acceptable limits. 

In this study, one-dimensional measurement validity was 

ensured. Life satisfaction consists of 5 items and has been 

validated unidimensionally. 

Table 3. Model Fit Summary 

 Observed 

Values of 

the Model  

Goodness of Fit 

Indices 

Acceptable 

Indices 

p value .000 (p<.05) p >.05 (insignificant) 

ꭓ2 /df 

(CMIN/

df) 

2.445 

(105.142 

/43) 

ꭓ2 /df < 3 3 ≤ ꭓ2 /df < 5 

GFI .92 .95<GFI≤1.00 .90<GFI≤.95 

AGFI .89,1 .90<AGFI≤1.00 .85<AGFI≤.90 

NFI .93,4 .95<NFI≤1.00 .90<NFI ≤.95 

CFI .96 .95≤CFI≤ 1.00 .90<CFI<.95 

RMSEA .07,7 0≤RMSEA<.05 .05≤ RMSEA<.08 

RMR .05,5 < .05 .05≤ RMR<.08 

CMIN (2:): Chi-squared test indicates the difference between 

observed and expected covariance matrices df: degree of freedom 

GFI: Goodness of fit index AGFI: Adjusted goodness of fit 

index NFI:  Normed fit index CFI: Comparative fit index RMSEA: 

The root means square error of approximation RMR: Root means 

square residual 

The Table 3 shows the goodness of fit indices of the model 

and the values of goodness of fit related to the findings of the 

study was created by the author. Tablo was created using the 

sources of Hair et al., 2010, Tabachnick & Fidell, 2007, Kline, 

2011, Byrne, 2012. Chi-square (ꭓ2) is the most fundamental 

measure used to test the fit of the model (Hair et al., 2010). An 

appropriate model is expected to be meaningless (p ˃ .05), but 

in large samples ꭓ2 is usually significant (p < .05) (Tabachnick 

& Fidell, 2007). The increase in sample size makes it difficult 

to find a meaningless p-value. The statistical test or the p-value 

obtained is less insignificant as the sample size increases or the 

number of observed variables increases (Hair et. al., 2010). 

Therefore, one of the proposed methods is the ratio of ꭓ2 to the 

degrees of freedom. A ratio of 3 or less is associated with 

models with good fit (Hair et al., 2010). In this study, the p 

value of ꭓ2 is significant (43, N=245) = 105.142 p < .05, but 

ꭓ2/df = 2.445 indicates good fit in the model. Therefore, the 

evaluation was continued with other indices. Along with chi-

square, there are different indices to evaluate the goodness of 

fit of the model. The Goodness of fit index GFI is one of the 

first attempts to produce a fit statistic that is less sensitive to 
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sample size. GFI takes values between 0 and 1. The closer to 

1 it represents a better fit. A value greater than .90 typically 

indicates a good fit (Hair et al., 2010). Adjusted goodness of 

fit index (AGFI) is the GFI value freed from the degrees of 

freedom (Yaşlıoğlu, 2017). In this study, GFI = 0.92 showed 

good fit, AGFI = .89,1 showed acceptable fit. The normed fit 

index (NFI) takes a value between 0 and 1, and a value of 1 

represents the perfect model (Hair et. al., 2010). An NFI value 

greater than .95 in the model indicates good fit (Tabachnick & 

Fidell, 2007). In the study, NFI = .93 value was found within 

acceptable limits. Comparative fit index CFI is a widely used 

index. Although, CFI values above .90 was usually associated 

with good fit (Hair et.al., 2010), Hu & Bentler (1999) 

suggested that CFI values of .95 indicates a better fit (Byrne, 

2012). However, Hu & Bentler (1999) stated that a CFI value 

of .95 and above with a SRMR value of .08 and below together 

indicate acceptable fit (Kline, 2011). CFI = .96 and RMR = 

.05,5 values in this study showed that the model had good fit. 

Also, the lower the Root mean square residual (RMR) and the 

Standardized root mean square residual (SRMR) values, the 

better the fit. High values are indicative of poor fit (Hair et. al., 

2010). Generally, .08 and below are the desired values for 

RMR (Hu & Bentler, 1999, as cited in Tabachnick & Fidell, 

2007). Low RMSEA values according to model degrees of 

freedom indicate good fit. Previous discussions were that this 

value should be .05 or .08 (Hair et. Al., 2010). MacCallum et 

al. 1996 stated that RMSEA values ranging from .08 to .10 

showed mediocre fit, and those greater than .10 showed poor 

fit (Byrne, 2012). An important advantage of RMSEA is that 

a confidence interval can be created that gives the range of 

RMSEA values for a given confidence level. Thus, the 

RMSEA value can be reported as 95% good fit between .03 

and .08 (Hair et. al., 2010). Moreover, the hope scale (=89.8) 

and life satisfaction scale (=87.5) were reliable. 

Table 4. Path Coefficients 

Paths  Coefficients    S.E.          p 

S.E. U.E. 

Hope 6 <- HOPE .804 1.000   

Hope 5 <- HOPE .850 .927 .062 *** 

Hope 4 <- HOPE .753 .833 .065 *** 

Hope 3 <- HOPE .802 .964 .069 *** 

Hope 2 <- HOPE .726 .969 .079 *** 

Hope 1 <- HOPE .700 .873 .075 *** 

LF 5 <- LF .713 1.000   

LF 4 <- LF .739 .858 .080 *** 

LF 3 <- LF .773 .951 .084 *** 

LF 2 <- LF .796 .933 .081 *** 

LF 1 <- LF .794 .951 .082 *** 

Hope, LF = Life Satisfaction S.E. = Standardized Effects 

U.E.=Unstandardized Effects   ***p < .05 

Table 4 shows the standardized path coefficients (factor 

loadings) for the relationships between the variables. As a 

result of the analysis, values were found to be significantly 

above .70 (p< .05). Findings on Hope showed that the lowest 

path coefficient was between item 1 and hope (.70), while the 

highest path coefficient was between item 5 and hope (.85). 
Findings on life satisfaction showed that the lowest path 

coefficient was between item 5 and life satisfaction (.71,3) 

while the highest path coefficient was between item 2 and life 

satisfaction (.79,6). 

 

Table 5. Normality Test of Hope Data 
 Statistic S.E. 

 N 245  

 Mean 3.8680 .05525 

S.D .86487  

Minimum  1.00  

Maximum 5.00  

Skewness -.547 .156 

Kurtosis .087 .310 

Normality Test of Life Satisfaction Data   

 N 245  

 Mean 3.4335 .05915 

S.D. .92578  

Minimum  1.00  

Maximum 5.00  

Skewness -.350 .156 

Kurtosis -.197 .310 

Table 5 shows the findings of the descriptive statistics. In 

order to evaluate whether the hope and life satisfaction data 

were in accordance with the normal distribution, skewness and 

kurtosis were controlled. It was observed that the data related 

to the variables were in accordance with the normal 

distribution (between +1.0, -1.0) (Gürbüz & Şahin, 2016).  

Table 6. Descriptives of the Scale Items 

Scale Item N Min. Max. Mean S. E. 

Hope 

If I should find myself in a jam, 

I could think of many ways to 

get out of it 

245 1.00 5.00 3.877 1.102 

At the present time, I am 

energetically  

pursuing my goals 

245 1.00 5.00 3.812 1.179 

There are lots of ways around 

any problem  

that I am facing now 

245 1.00 5.00 3.849 1.062 

Right now, I see myself as 

being successful 

245 1.00 5.00 3.914 .977 

I can think of many ways to 

reach my current goals 

245 1.00 5.00 3.955 .963 

At this time, I am meeting the 

goals that I have set for myself 

245 1.00 5.00 3.800 1.099 

Life Satisfaction 

In most ways my life is close to 

my ideal 

245 1.00 5.00 3.640 1.102 

The conditions of my life are 

excellent 

245 1.00 5.00 3.330 1.079 

I am satisfied with my life 245 1.00 5.00 3.608 1.131 

So far I have gotten the 

important things I want in life. 

245 1.00 5.00 3.534 1.069 

If I could live my life over, I 

would change almost nothing. 

245 1.00 5.00 3.053 1.290 

Valid N (listwise) 245     

Before proceeding the relationship analysis, the descriptive 

values of the items measuring hope and life satisfaction were 
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examined. According to results, it was seen that the answers 

measuring the perception of hope had a higher mean than life 

satisfaction. It was seen that the items “Right now, I see myself 

as being successful” and “I can think of many ways to reach 

my current goals” that make up hope had higher scores than 

the others. It was observed that the item “If I could live my life 

over, I would change almost nothing” which measures the 

perception of life satisfaction, scored lower than the other 

items (Table 6). 

3.2. Relational Analyzes  

3.2.1. The Correlation Analysis  
Correlation analysis was performed to measure the 

relationships between the variables. Correlation coefficients in 

Table 7.  

 

Table 7. Correlation Coefficients 
  

 

1 (pearson 

korelasyon) 

1 

(sig.) 

2 (pearson 

korelasyon) 

2(sig.) 

1 Life 

Satisfaction 

1,000 . .657** .000 

2 Hope .657** .000 1.000 . 

3 Gender -.247** .000 -.109* .045 

4 Age .307** .000 .043 .253 

**p<.01 

*p<.05 

There was a significant and positive correlation between 

life satisfaction and hope (r = .657, p<0.01). Since gender and 

age variables would be included as control variables in the 

regression analysis, the correlational relationship between 

these variables with life satisfaction and hope was also 

examined. Accordingly, there was a significant and negative 

relationship between gender's life satisfaction (r= -.247, p<.01) 

and hope (r= -.109, p<.05). There was a significant and 

positive relationship between age and life satisfaction (r= .309, 

p<.01). However, no significant relationship was found 

between age and hope. 

3.2.2. The Regression Analysis  
The effect of the level of hope of aviation workers on the 

level of life satisfaction was examined. Two models were 
created to determine to what extent hope explains life 
satisfaction when the gender and age of the employees are 
controlled.  

Table 8. The Results of Hierarchical Regression Analysis  
Model Summary 

M
o
d
el

 

R R2 Ad.R2 S. E. Change Statistics D.W  

R2  F   df1 df2 Sig.  

  
1 .350 .122 .115 .8708 .122 16.86 2 242 .000  

2 .721 .520 .514 .6452 .398 199.81 1 241 .000 1.871 

 

According to hierarchical regression analysis, Model 1 

includes gender and age. In the second model, there is the hope 

variable together with the gender and age variables. The R2 (R 

Square) value showed that the gender and age variables 

entered in the first model explained a 12.2% change in life 

satisfaction, which is the dependent variable. However, the 

independent variable hope in the second model explained a 

51.4% change in life satisfaction. Therefore, it was observed 

that hope explained the variance in life satisfaction 39.8% 

more than gender and age. The significance of the model 

indicates how well the model explains the variance in life 

satisfaction. Accordingly, both regression models are 

statistically significant (p < .05). Hierarchical regression 

analysis results showed that the independent variables in the 

first model contributed significantly to the model (F = 16,863, 

p < .05). (F = 199,816, p < .05) (Table 8). 

Table 9. Significance of the Model 

Anova 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 25.579 2 127.90 16.86 .000 

Residual 183.546 242 .758   

Total 209.126 244    

2 Regression 108.778 3 36.25 87.08 .000 

Residual 100.347 241 .416   

Total 209.126 244    

Table 9 shows the anova test results of hierarchical 

regression analysis in which life satisfaction is the dependent 

variable, age and gender are the independent variables in the 

model 1, and hope is the independent variable in the model 2. 

The model as a whole was significant according to the results 

of anova test (p = .000).  

Tablo 10. Hierarchical Regression Coefficients 
 

B S.E. Beta  T   Sig.  Tolerance VIF 

1 (Constant) 3.323 .257  12.94 .000   

Gender -.323 .116 -.175 -2.78 .006 .922 1.084 

Age .261 .063 .258 4.11 .000 .922 1.084 

2 (Constant) .534 .274  1.94 .053   

Gender -.200 .086 -.108 -2.31 .022 .913 1.095 

Age .252 .047 .250 5.37 .000 .922 1.084 

Hope .679 .048 .635 14.13 .000 .988 1.012 
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In the first group, gender (= - .175, p < .05) and age (= 

.258, p < .05), among the independent variables entered into 

the model, had a significant effect on life satisfaction. In the 

second model, the independent variables of gender (= - .108, 

p < .05), age (= .250, p < .05) and hope (= .635, p < .05) had 

a significant effect on life satisfaction. 

For multiple collinearity problems in the independent 

variables, VIF and Tolerance values were checked. The 

tolerance values were greater than the critical values [for 

Model 1, (1- 0.122 = 0.878)] and [for Model 2, (1- 0.520 = 

0.480)]. There was no collinearity problem (Gürbüz & Şahin, 

2016; 284) Life satisfaction= .534 - .10,8 (gender) + .25 (age) 

+ .67,9 (hope). 

4. Conclusion 

In this study, the hope and life satisfaction levels of the 

employees in the aviation sector during the post-pandemic 

period, which is also referred to as the new normal, were 

examined and the effect of hope on life satisfaction was 

investigated. The new normal is a situation after a crisis, 

economic, social, and behavioral characteristics when differ 

from the situation that existed before the crisis began 

(Wikipedia, 2020). The term has been used in relation to the 

COVID-19 Pandemic. The average of the participants’ 

perception of hope was at a high level (mean = 3.8, p < .05) 

and the average of the perception of life satisfaction was lower 

than hope, but moderate (mean = 3, p < .05). This level of hope 

after the pandemic may be due to the removal of restrictions 

and the return to normal business life. The anxiety and fear 

experienced during the pandemic period may have been 

replaced by the perception that not everything is bad. The 

opinions of the participants could be obtained by a qualitative 

interview on this subject, but since the study was a quantitative 

study in which data were obtained by the survey method, only 

averages were obtained. 
Regression analysis on hope and life satisfaction consisted 

of two models. The R2 (R Square) value showed that the 

gender and age variables entered in the first model explained 

a 12.2% change in life satisfaction, which is the dependent 

variable. In the first group, gender (= - .175, p < .05) and age 

(= .258, p < .05), among the independent variables entered 

into the model, had a significant effect on life satisfaction.  

However, the independent variable hope in the second model 

explained a 51.4% change in life satisfaction. Therefore, it was 

observed that hope explained the variance in life satisfaction 

39.8% more than gender and age. The significance of the 

model indicates how well the model explains the variance in 

life satisfaction. Accordingly, both regression models are 

statistically significant (p < .05). Hierarchical regression 

analysis results showed that the independent variables in the 

first model contributed significantly to the model (F = 16,863, 

p < .05). (F = 199,816, p < .05). In the second model, the 

independent variables of gender (= - .108, p < .05), age (= 

.250, p < .05) and hope (= .635, p < .05) had a significant 

effect on life satisfaction.  

Hope empowers individuals to reach their goals and enables 

them to produce new ways. It also enables them to struggle 

with difficulty (Snyder, 2002). Therefore, it is important to be 

hopeful in order to deal with uncertainty. Hope strengthens 

having positive expectations for the future. Individuals need it. 

Especially after the worries, difficulties and uncertainties 

created by the pandemic in private and business life, 

employees need more positive thinking. Hope positively 

affects life satisfaction. This result obtained in this study is 

compatible with the literature (O'Sullivan, 2011; Bronk et al., 

2009; Oliver et al., 2017; Bailey et al., 2007). Life satisfaction 

is related to happiness. Happy individuals are also more 

successful at work. Occupational motivation and performance 

will be high. Therefore, it is beneficial for the managers of the 

organization to consider the life satisfaction levels of the 

employees. For this reason, workplace behaviors and 

organizational policies should be arranged in such a way as to 

make positive contributions to the hope and life satisfaction 

levels of the employees. Employees should be given more 

reassurance. Help them cope with uncertainty. In this sense, 

organizational behavior issues such as organizational support 

and trust in the manager come to the fore in this regard. The 

aviation sector has been one of the sectors most affected by the 

pandemic. Economic losses, working from home and 

remotely, and various difficulties experienced by female 

employees should be taken into consideration. Job security for 

employees, measures against crises, women. Positive 

discrimination for employees is seen as policies that can be 

applied. In addition, since the aviation sector has the feature of 

international communication, it has created more concern 

about a global pandemic. For this reason, it will be an 

important approach to strengthen health policies, continue 

hygiene measures for employees and ensure this is sustainable. 
All these factors may affect the hope and life satisfaction of 

the employees in the aviation sector. The research has some 

limitations. The data were obtained by the survey method. This 

method reveals the results of participants’ perceptions of 

attitudes. However, as a result of some findings, the reasons 

for the opinions 
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1. Introduction 

Under today's increasingly competitive conditions, 

businesses have to be a few steps ahead of their competitors 

and be different from their competitors with the competitive 

strategies they create by identifying new approaches. To 

achieve this differentiation, it should give importance to both 

the external stakeholders of the enterprise and the employees, 

who are the building blocks, namely its internal stakeholders. 

With the effect of globalization, people have become able to 

obtain information about businesses and social issues very 

quickly. Positive or negative news and feedback about the 

business are extremely important for the future of businesses. 

A business not only has responsibilities to society and the 

environment but also has responsibilities to all stakeholders it 

has direct and/or indirect relationships. Obligations to these 

stakeholders constitute the concept of corporate social 

responsibility. Today, it is known that it is an indispensable 

phenomenon for businesses to be successful in the long run. 

The hidden power of businesses is their employees. Labor has 

become the most important weapon to compete. It is an 

undeniable fact that the satisfaction of employees, in other 

words, internal customers, will be reflected in all operational 

processes in these competitive conditions. Businesses try to 

influence internal customers with the projects they do in 

interaction with the external environment. 

In the conceptual framework of the study, corporate social 

responsibility and internal customer satisfaction were 

investigated. Then, the concept of corporate social 

responsibility in aviation enterprises was examined. With the 

MAXQDA qualitative analysis program in the methodology, 

it has been revealed how and how the employees of aviation 

enterprises are affected by the corporate social responsibility 

studies carried out in the institutions they work in. 
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 In industrial life, where competition is increasingly intense in the globalization process, the 
efforts of companies to gain an advantage differ. In the 21st century, where competition over 
economic output and growth and profitability alone does not make a difference, corporate social 
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2. Conceptual Framework 

2.1. Corporate Social Responsibility 

Today, businesses have become an indispensable element 

in society. Since it has become so important in all phases of 

our lives, businesses have to undertake some responsibilities 

for society (Dinçer, 2013, p. 186). With the effect of 

globalization, the expectations of external stakeholders have 

changed and businesses have had to keep up with these 

changes. In addition to the wishes of shareholders, customers, 

employees, and institutions, businesses have faced the fact that 

they are faced with environmental and social demands from a 

much broader perspective and have started to carry out their 

activities in this direction. (Sökmen, 2013, p. 340). From this 

point of view, besides their economic activities, businesses 

should strive for a better society and environment and fulfill 

their social responsibilities. 
When considered in terms of strategic management, 

corporate social responsibility should add value to the 
organization and its brands as part of the business strategy in 
the long run. With this added value, corporate social 
responsibility should provide financial and moral returns to the 
company and thus lead the company to profitability. It has to 
support sustainable development in terms of both the society 
and all stakeholders with the improvement projects. This 
support can develop the concept of social responsibility in the 
enterprise (Aydede, 2007, p. 25). Corporate social 
responsibility is that the business takes into account the 
expectations of society voluntarily, not obligatory, and takes 
into account its stakeholders, such as the social and ecological 
environment, consumers, employees, and the state, in addition 
to its owners and shareholders, and attaches importance to 
human values beyond economic values (Yalman and Çonkar, 
2020, p.402).  

Businesses are a function of their environment. For this 
reason, businesses should regulate their relations with their 
environment to maintain the continuity and profitability of the 
business. While arranging these relations, the enterprise has 
some responsibilities toward its internal and external 
stakeholders. 

Employees, also called internal customers, are the most 

basic stakeholders of businesses. In an environment where 

employees are unhappy, efficiency and success cannot be 

expected from anyone in the business. For this reason, the 

primary duty of a business should be to make its employees 

happy. To create a positive working environment for 

employees, to be equal in personnel selection, to ensure job 

security, to improve working conditions, to provide training 

and career opportunities to its employees, to apply for a fair 

wage and promotion, to inform employees about business 

activities and other employees, to give authority and 

responsibility, should allow them to express their opinions 

freely. The enterprise that fulfills these responsibilities will 

add qualified personnel to the enterprise, and thus, the 

personnel turnover rate will decrease in an enterprise with 

happy personnel (Bayraktaroğlu, İlter, and Tanyeri, 2009, p. 

11). 

 

2.2. Internal Customer 
The reason for the existence of the enterprises is the 

customers and to use the competitive advantage, they must 

understand the demands and demands of the customers well 

and act accordingly (Torlak and Altunışık, 2012, p. 139). All 

individuals who benefit from a product or service, whether or 

not a certain price is paid, should be considered customers 

(Çolakoğlu and Gürdoğan, 2017, p. 25). For a business to be 

successful, it has to meet the needs, wants, and demands of its 

customers. Therefore, businesses attach importance to 

customer satisfaction and loyalty. (Cecily, 2022, p. 250) 

Businesses have to sell the products or services they 

produce to maintain their continuity and profitability. The 

emergence of this buying behavior is directly related to the 

satisfaction of the customers. For this reason, businesses 

should be customer-oriented to ensure customer satisfaction, 

be closely interested in the interests and tastes of customers, 

and know what is valuable and important for customers. 

Businesses that determine the focal points of the customers and 

what the customer requests and demands are can satisfy the 

customers more (Türk, 2004, p. 274). The purpose of all 

personnel in the business is to produce products or services 

that will meet the demands of customers. The fact that 

everyone, from the owner of the business to the personnel at 

the lowest level of the business, performs their duties and 

responsibilities by establishing good communication is an 

indication that they serve this purpose. These personnel, who 

are in contact with each other within the enterprise and fulfill 

their duties and responsibilities, are called internal customers 

(Taşkın, 2000, p. 23). Internal customers are people who have 

direct effects on the success or failure of businesses. Internal 

customers make a direct positive contribution to business 

success (Akdemir, 2014, p. 22).  

The enterprises aim to increase the loyalty of these 

customers to the business by ensuring the happiness of their 

external customers, thus increasing their profits, but while 

doing this, they have to get the maximum support of the 

employees. The happiness of the employees will be reflected 

in the business as profit. For this, it is necessary to try to find 

ways to make the employees happy (Nakip and Çoban, 2007, 

p. 209). 

 

2.3. Internal Customer Satisfaction 

The most important source of information for businesses to 

continue their activities is the employees of the business. 

Employees who have elbow contact with the customer in all 

processes of marketing have a lot of information about the 

customer and they are much more successful than the 

management staff of the business in knowing the customer 

well (Acuner, 2001, p. 62). While evaluating in this context, 

the employees of the enterprise should be benefited and they 

should be made to feel that they have an important role in 

ensuring the continuity of the business. Just as a lost customer 

has huge costs for the business, each lost employee also causes 

huge costs for the business. 

In internal customer satisfaction, there should be sincerity 

in the connections between employees and management. 

Intimacy should be ensured with the family atmosphere 

created in the working environment, all necessary information 

should be given to the employees in a timely and complete 

manner, there should be no walls between the managers and 

the employees, and environments, where they can talk about 

all kinds of problems, should be prepared. Employees should 

see themselves as members of the family and tend to share a 

problem that has gone wrong rather than hide it. Thus, 

employee satisfaction should be ensured (Toksarı, 2012, p. 

166). 

Internal customers are also highly affected by corporate 

social responsibility efforts. Employees who donate their time 

and talents with implemented responsibility projects are very 

happy with the benefits these projects provide for people and 
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the environment. Volunteering for the community and the 

support of the business encourages individuals to "contribute 

through their unique skills and creative abilities". This 

incentive positively affects employees who are internal 

customers. Employees' morale and motivation increase with 

these projects (Kotler and Nancy Lee, 2017, p. 171-172). 

 

2.4. Corporate Social Responsibility in Aviation 
Businesses 

The aviation industry is one of the fastest-growing 

industries in the world. With the advancement of aviation, the 

focus has changed as private airports have been built, and 

state-owned airports have also been privatized and become 

more commercial venues in line with increasing demand. 

Thus, it has created negative externalities. Due to this negative 

externality in the aviation sector, regulators have taken some 

precautions and created mechanisms at different levels. In 

addition, businesses have shaped their activities under the 

influence of regulators and corporate social responsibility 

(Corporate Social Responsibility and Environmental 

Management, 2006, p. 245). 

Relationships between corporate social responsibility 

criteria in aviation enterprises are handled within the scope of 

10 alternative programs (Journal Of Air Transport 

Management, 2008, p. 191): 

- Fuel and resource efficiency, 

- Environmental Protection, 

- Security, transportation, and service process design, 

- Financial transparency, 

- Improvement of relations with employees and well-being 

of employees, 

- Leisure activities with communities, 

- Support for voluntary social work, 

- Charitable offerings, 

- Considering consumer interests and rights, 

- Providing flights at reasonable and affordable prices. 

With the help of corporate social responsibility in aviation 

enterprises, the reputation of the enterprise increases and they 

strengthen their appearance in the social environment. The 

corporate image of businesses increases. For example, with a 

corporate social responsibility project carried out by THY, it 

becomes a company that knows its responsibilities in the eyes 

of the public and has a reputation in society, which makes the 

company profitable, efficient, and superior to its competitors. 

At the same time, they can manage risk management more 

clearly with the help of corporate social responsibility. Since 

Corporate Social Responsibility carries businesses to a more 

respected position in society, it is avoided to make a final 

judgment about the business in case of any risk, and it provides 

the business with time to manage the risk. 

It leads to job satisfaction among employees. Working in 

businesses that have solid foundations and are respected by 

society is very important to employees. 

It tries to define new market opportunities by encouraging 

innovation and creating a new perspective for the employees 

within the organization. It tries to help create more effective 

business processes and maintain competitive power. 

3. Methods and Findings 

In this study, a qualitative research technique was used as 
a research method. Although there are many definitions of 
qualitative research, the most general definition is; It is the 
holistic presentation of the data collected by techniques such 
as observation, interview, and document review. Qualitative 

research is a technique that gives very important results in 
social sciences despite its difficulties. 

The nature of this technique is not based on statistical or 
empirical calculations (Brink, 1991). For this reason, as 
Sandelowski and Barroso (2002) stated since the 
epistemological diversity in qualitative methods is too wide to 
be represented by a single criterion, it is necessary to avoid 
looking for general criteria such as validity and reliability for 
qualitative research. Instead, it is recommended to evaluate the 
quality of each study separately with a more rhetorical 
approach. From this point of view, it can be concluded that the 
quality of qualitative research cannot be determined by 
following the "predicted formulas", therefore, good qualitative 
research depends on the scientific worldview and these 
preferences may change over time. Although measuring 
quality in qualitative research is a controversial issue, it does 
not seem possible to determine a precise criterion that 
increases quality in qualitative research (Arastaman et al., 
2018). One of the main distinctions here is that quantitative 
research generalizes according to the positivist approach, 
while qualitative research focuses only on the qualitative 
characteristics of the group in which the research is conducted. 

At this point, questioning the information produced is a 

technique in which the method cannot be singular and the 

finding and theory are independent of the method. The more 

productive and versatile social sciences facilitate efficient 

interaction and play a more active role in interdisciplinary 

research (Tanyaş, 2014, p. 11). The data obtained by the 

interview method in the research were made using the content 

analysis technique developed by Strauss and Corbin (1990). 

Thanks to the content analysis technique, the data were coded 

and separated into themes. The main subject in content 

analysis; is to select and categorize a small number of words 

that are critical for the subject out of a large number of words 

in the answers given to open-ended questions (Miles and 

Huberman, 2015, p. 58). Interview answers were reviewed in 

the MAXQDA Pro 2020 program. The purpose of using this 

program is to obtain systematic and meaningful results by 

putting the data obtained in the focus group interviews on a 

solid basis in the sample. The answers are made meaningful by 

establishing a connection between all the answers given. (Türk 

A., 2021, p. 31) 

Interviews with employees working in airline companies 

operating in Turkey and management positions were 

transferred to the MAXQDA Pro 2020 Qualitative Data 

Analysis program. In line with the opinions of expert analysts, 

coding was done using the code key and the analysis was 

defined in the program. The interview results were arranged as 

texts and read in detail for coding, and the meanings of each 

interview text such as words, sentences, or paragraphs were 

analyzed and coded. As a result of the coding process, "Trust", 

"Organizational Reputation", "Organizational Socialization", 

"Support", "Participation", "Satisfaction" and "Organizational 

Justice" codes emerged. The resulting codes were analyzed in 

the MAXQDA program. 

 

 

 

 

 

 

 

 

 



JAV e-ISSN:2587-1676                                                                                                                                                    7 (1): 141-146 (2023) 

144 

 

 

 

Figure 1. Code Relationships Scanner 

 

To determine the relationship between the codes given 

through the MAXQDA 20 program, the frequency of the codes 

used together in the same sentence or paragraph was analyzed. 

As a result of the analysis, the matrix in Figure 1 was obtained. 

The interaction between the code relations scanner and 

different codes is quantitatively transferred. At this point, the 

aim is to interpret the relationship between the codes 

qualitatively and quantitatively. Relationship ties revealed the 

elements used by the airline managers included in the study in 

their evaluations. According to this matrix; “Organizational 

Reputation” and “Satisfaction” 20 times, “Organizational 

Justice” and “Satisfaction” 14 times, “Organizational 

Reputation” and “Trust” 11 times, “Organizational 

Socialization” and “Satisfaction” 11 times, “Support” and 

“Satisfaction” 11 times” 10 times, “Support” and 

“Participation” were used together 11 times, “Organizational 

Reputation” and “Support” 7 times. In this context, at the point 

of ensuring corporate social responsibility and internal 

customer satisfaction of airline managers operating in Turkey; 

It can be said that the fulfillment of the responsibilities of the 

institutions towards the environment and their stakeholders 

creates the organizational reputation when evaluated from an 

external perspective, and as a result, it can be said that the 

internal customers, namely the employees, are satisfied. It can 

be said that another factor that creates satisfaction in the 

internal customer is the fair attitude within the scope of 

corporate social responsibility premises. Another point is that 

the fulfillment of corporate social responsibility and external 

responsibilities can be said to be effective in creating 

satisfaction by creating the confidence that the institution will 

fulfill its responsibilities to its employees. In addition to these 

effective relations, the codes that are less in relation with each 

other in terms of effect; “Organizational Reputation” and 

“Organizational Socialization”, “Trust” and “Satisfaction”, 

“Organizational Socialization” and “Participation”, 

“Organizational Justice” and “Participation”. 

Another data obtained with the MAXQDA program; was a 

code-based frequency analysis which is illustrated in Figure 2. 

Code-based frequency analysis; It is to show how much it 

emphasizes each code assigned to the answers quoted in the 

answer text. The response texts of the airline managers 

operating in Turkey were analyzed. When the data obtained 

from the research is examined, it has been determined that 

different rates are concentrated on 7 codes. It is seen that 92% 

of the people included in the research emphasize 

"Organizational Reputation", 88% "Satisfaction", 68% 

"Organizational Justice", 60% "Support" and 44% "Trust". 

Figure 2. Code-Based Frequency Analysis 
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In addition, the most important feature of the analysis; can be 

said that it is to reveal the tricks of the work they are doing by 

making use of the expertise of the focus group employees with 

whom the interviews were conducted. With this perspective; It 

means that the key point in ensuring corporate social 

responsibility and internal customer satisfaction of airline 

managers is based on organizational reputation and 

satisfaction. Another data obtained as a result of the analysis 

made with the MAXQDA program; is a single case model 

analysis. The model is based on the evaluation of the answer 

texts obtained as a result of the interviews as a single text. In 

another saying; The aim is to reveal a single structured code 

relationship by evaluating the texts as a single source. In this 

context, all of the codes assigned while coding were evaluated 

as if they were obtained from a single text, and the general 

point of view of the interviewed group was revealed. While 

code-based frequency analysis evaluates each document one 

by one, the single case model is the evaluation of all 

documents. The single-case model is presented in Figure 3. 

 

Figure 3. Single Case Model 

 

 

Figure 4. Word Cloud  

By creating a word cloud, the analysis of the relationship 

between corporate social responsibility and internal customer 

satisfaction was revealed with the most used words in the texts. 

The size and thickness of the words quoted in Figure 4 mean 

that the related words are used more frequently by the 

interviewed airline managers. In this context, while conveying 

the relationship between corporate social responsibility and 

internal customer satisfaction; It can be seen that factors such 

as employee satisfaction, corporate attitudes, and behaviors, 

responsibilities towards the environment and stakeholders,  

 

corporate reputation, communication, and support take place. 

This is the group interviewed; It supports that corporate social 

responsibility has an inclusive perspective of all elements 

included in its general responsibilities.  

4. Conclusion 

The fact that people are more sensitive and access 

information faster thanks to technology reveals that businesses 

should be more sensitive about their responsibilities. Under 

these conditions, developing and renewing the responsibility 

strategies of the enterprises is to understand the external and 

internal environment of the enterprise well and act 

accordingly. In this context, it is understood that corporate 

social responsibility provides positive benefits to businesses 

from both internal and external perspectives of their businesses 

to fulfill their legal responsibilities towards their customers, 

their environment, their employees, and their legal 

responsibilities. In the research, it has been determined that the 

fulfillment of the responsibilities of the enterprises will add 

value to the brand value and put the enterprises in a more 

successful position thanks to the image they will gain from 

both their internal and external environment. The first practical 

results of the research show that the level of "reputation", 

"respectability", which is the value that institutions see by their 
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external customers, has an important place in fulfilling their 

responsibilities. 

The hidden power of businesses is their employees. 

Human, the most important building block of businesses, plays 

a key role in businesses. Of course, the company's reputation 

increase is also reflected in the internal customer. It is seen that 

the increase in satisfaction resulting from working in a 

valuable company from the outside is significant. The 

important role of labor in competition is even more vital in the 

aviation industry. It requires technical knowledge and skills, 

where it is difficult to find and maintain competent employees 

under competitive conditions. Therefore, businesses have to 

care about their employees, in other words, the satisfaction of 

their internal customers. The satisfaction of the internal 

customer is very important not only for the staff to stay in the 

company but also for the entire operation of the business. 

Other practical results of this study; Employees believe 

that the business they work in is not just a mechanical place 

and that it is supported as a result of organizational 

socialization and that justice among employees will be ensured 

by participating in all business decisions make. As a result of 

this study; It is recommended that airline companies include 

their corporate social responsibility studies in their strategic 

plans and that other businesses in the aviation sector for the 

academic community contribute to the literature in 

understanding the importance of the subject by supporting 

them with quantitative data. 
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1. Introduction  
 

Airline is more preferred for passenger and cargo 

transportation as it is faster, more comfortable and safer than 

other transportation methods (Janic,2000). The development 

of technology and economy, the increase in international trade 

with the effect of globalization and the increase in tourism 

activities have positively affected the travel. These 

developments have led to the improvement of the aviation 

sector and the spread of scientific research on this subject. 

Although there is a lot of research at the national and 

international level in the field of aviation, "human"-oriented 

studies are based on a very recent past. The reason for such a 

tendency is that the technical equipment is stronger with the 

increase in technological opportunities, so human errors are 

highlighted as the cause of the plane crashes. The discipline of 

work psychology, which examines attitudes and behaviors 

in business life, is used in order to reduce the human errors 

or to behave safely beforehand. 

In this study, the theses written in the aviation sector with 

the perspective of work psychology in the national thesis 

center of the Council of Higher Education in Türkiye between 

2003-2023 by scanning the concepts of "aviation", "flight", 

"cockpit", "pilot", "cabin crew", “air traffic” "aviation safety" 

were found. They were classified in terms of year of 

publication, university, institute, department, higher education 

level, sample group, type of research, and topics studied. The 

findings were turned into tables with numerical data. 

In the first part of the study, the aviation sector was 

evaluated with a work psychological perspective in general. 

In the next part, the bibliometric analysis method was used, 

and the theses were classified by making a general within the 

framework of the determined concepts in the national thesis 

center. Finally, the findings were evaluated in the conclusion 

part. 
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 When aviation studies from past to present are examined, it has been observed that human- 

oriented studies have increased gradually after it was determined that airplane accidents are 
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2. Aviation Sector from a Work Psychological 
Perspective 
 

People generally use air transport more frequently than 

other means of transport because it is fast, safe and 

comfortable. Therefore, the aviation sector, which has 

developed rapidly since the 20th century, has become a 

significant position in the transportation sector (Sun, 2019; 

Taşlıgil,1997). The sector is also very important for national 

economic growth and regional development by employment 

because the fast- growing, capital-intensive, and fragile 

structure (Tsiotas, Erdem and Çubukçu,2020). For instance, 

employment expectation in the global level is to reach 

approximately 100 million people in 2034 in the aviation 

sector. Türkiye has some opportunities in terms of civil 

aviation sector such as being a tourism country, geographical 

features and location, having a widespread air network 

throughout the country, having a young workforce potential 

and these affects national income and employment directly and 

indirectly (Macit and Macit,2017).  As a matter of fact, 

according to Civil Aviation Annual Report, while 

approximately 65.000 employees were employed in the sector 

in 2003, this number reached 245.876 in 2020 (SHGM,2021). 

Around millions of people work in the aviation sector directly 

and indirectly such as airport operators, flight and cabin crews; 

executives; ground services, check-in, training, maintenance 

staff; engineers and designers of civil aircraft, engines and 

components; air traffic controllers; retail, car rental, customs 

and immigration, freight forwarders; catering and fuel 

suppliers; aircraft suppliers,  manufacturers of goods sold in 
airports, and a variety of business support roles like call 

centers, IT and accountancy (ATAG,2023). 

The aviation sector includes many different occupational 

groups, as well as there is little to no tolerance for mistakes 

due to the fact that even the smallest of mistakes could 

endanger the lives of personnel and passengers. The aviation 

system is a complex one and it is comprised of dimensions 

including the human, technological, organizational, and 

societal interactions (Høyland and Aase,2009). With the 

development of technology, the causes of civil and military 

flight crashes are "human" with a high rate of 70-80%, because 

while errors caused by technical problems have decreased 

radically in the last 40 years, human errors have decreased at a 

lower rate (Wiegmann and Shappell, 2001). Human mistakes 

can be divided into two types in aviation sector. One of the 

mistakes iis         that instructions for flight operations are deliberately 

not adhered to; another is related to the incorrect assessment 

of situations encountered suddenly during the flight and the 

decisions taken following the incorrect assessment. Both are 

very noticeable mistakes (Rezchikov et al.,2016) and such 

mistakes can be reduced by applying work psychology. 

Today, pilots piloting large planes carrying hundreds of 

people and cabin crew must be evaluated in detail in terms of 

both the physical and psychological problems. Currently, 

instead of physical demands, mental and emotional demands 

have become prominent in work life for many employees 

(Jonge and Kompier,1997). As a result, work psychology has 

come to the fore to understand and predict the reasons for the 

thoughts, attitudes and behaviors of those working in the 

aviation sector. As a matter of fact, aviation psychology, 

which began with personality tests used by psychologists in 

selecting pilots for military service during the First World 

War, receives support from work psychology in order to 

improve the welfare of employees in aviation, reduce human-

induced errors, and improve the performance of employees 

(Birsel, 2022; Kümbül Güler,2015). For the same purpose, 

Crew Resource Management (CRM) programs has been 

developed to provide the effective use of all resources, 

including human, knowledge, conditions, software and 

hardware inside and outside the plane, to conduct flight safely. 

Thanks to CRM skills (cognitive and interpersonal) such as 

problem identification, task prioritization, workload 

management, teamwork, communication, leadership; potential 

human errors that cause accidents are reduced 

(Terzioğlu,2010).   

Moreover, work psychology topics such as employee 

attitudes and behaviors, relations between employees, 

cooperation, effective communication, teamwork, work-life 

balance, motivation, job satisfaction, anxiety, stress, burnout, 

bullying in the workplace, management and leadership styles, 

and so on, affect flight safety as they affect employees 

positively or negatively. In addition, although the rules about 

flight safety are clear and the senior management is primarily 

responsible, practical studies such as establishing and 

disseminating safety awareness in employees, determining 

risks, taking necessary precautions, as well as determining 

policies for these issues are within the discipline of work 

psychology (Birsel, 2022; Taşçıoğlu, 2018). 

  
3. Analysis of Graduate Theses Written in the 
Aviation Sector from a Work Psychological 
Perspective at the Council of Higher Education 
National Thesis Center between 2003-2023 
 
3.1. Purpose of the research 

When the graduate level theses in the aviation sector are 

examined, it is seen that there are studies in fields such as 

engineering, medicine, law, international relations, economy, 

tourism, history, meteorology and so on. However, because it 

has recently been suggested that human errors are the most 

common cause of aircraft accidents, the purpose of this study 

is to examine the graduate level theses written with the 

perspective of work psychology, which is a discipline that 

examines the causes of "human errors", how solutions can be 

found and how to improve employee well-being. This research 

involves those theses in the National Thesis Center in Türkiye 

which examine the aviation sector from the perspective of 

work psychology between 2003 and 2023, with the aim of 

making classifications by examining them in terms of 

variables such as the year they were published; the university, 

institute, and department from which they come; the research 

methods utilized; the research topics studied, sample group 

selected, higher education level graduated, and finally, to 

monitor the changes, transformations, and development of the 

theses written on these concepts during this process and to 

guide future studies.  

 
3.2. Research questions 

For the purpose of the research, the following research 

questions were determined, and the studies in the National 
Thesis Center in Türkiye were classified on the basis of the 

following questions. 

 

1) What is the distribution of theses written from a work 

psychological perspective in the aviation sector according 

to the years in which they were published? 

2) What is the distribution of theses written from a work 

psychological perspective in the aviation sector according 
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to the universities at which they were published? 

3) How is the distribution of theses written from a work 

psychological perspective in the aviation sector according 

to the institutes at which they were published? 

4) What is the distribution of theses written from a work 

psychological perspective in the aviation sector according 

to the departments in which they were published? 

5) What is the distribution of theses written from a work 

psychological perspective in the aviation sector according 

to the higher education level (master’s, doctoral)? 

6) What is the distribution of theses written from a work 

psychological perspective in the aviation sector according 

to the topics of work psychology examined? 

7) How is the distribution of theses written from a work 

psychological perspective in the aviation sector according 

to the sample group examined? 

8) What is the distribution of theses written from a work 

psychological perspective in the aviation sector by 

research type? 

 

3.3. Methods 
In this research, graduate level theses (MA and PhD) 

written in Türkiye between the years 2003-2023 in the aviation 

sector from the perspective  of work psychology were 

examined using the bibliometric analysis method. 

Bibliometric analysis is one of the research methods used 

when examining the current state, change and development of 

the literature in a particular field. In the study, the concepts of 

"aviation", "flight", "cockpit", "pilot", "cabin crew", "air 

traffic" and "aviation safety" were scanned among the allowed 

theses in the National Thesis Center of the Council of Higher 

Education between 2003 and 2023. A scan was made among 
determined 1250 theses, and then 49 doctoral theses and 195 

master's theses written with the perspective of work 

psychology, a total of 244 graduate theses and 2 medical 

specialization theses were reached. However, it was seen that 

some theses intersect in the search, in this case, the same theses 

were removed in order to avoid repetition and the certain 

number was reached. When the intersecting theses were sorted 

out, a total of 236 theses were evaluated over 46 doctorate, 188 

master's and 2 medical specialization theses. 

 

3.4. Findings  
3.4.1.  Distribution of theses written from a work 
psychological perspective in the aviation sector by 
year of publication 
When the theses written on the aviation sector from the 

perspective of work psychology in the National Thesis Center 

between 2003 and 2023 are examined according to the years 

they were published, it was observed that the year with most 

studies published was 2019, followed by 2020, 2021 and 2022, 

respectively, and there was only one study in 2003 and in 2005. 

In other words, it can be said that the number of theses on 

related topics has started to increase in recent years. 

 

Table 1. Publication years 
Publication 

Years 
Frequency 

Publication 

Years 
Frequency 

2003 1 2013 5 

2004 6 2014 7 

2005 1 2015 8 

2006 3 2016 12 

2007 4 2017 19 

2008 3 2018 22 

2009 2 2019 38 

2010 3 2020 34 

2011 3 2021 33 

2012 4 2022 28 

  TOTAL 236 

 

3.4.2. Distribution of theses written from a work 
psychological perspective in the aviation sector by 
universities 

As can be seen in the table 2, when the distribution of 

theses written with from a perspective of work psychology in 

the aviation sector is examined according to the universities at 

which they are published, it can be seen that they are mostly 

written at Beykent University, followed by Anadolu 

University, Gelişim University, Arel University, Istanbul 

University, Turkish Aeronautical Association University, 

Aydın University, and Kocaeli University.
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Table 2. Universities 

Universities Frequency Universities Frequency 

Beykent University 25 Ondokuz Mayıs University 2 

Anadolu University 21 Sabahattin Zaim University 2 

Gelişim University 13 Selçuk University 2 

Arel University 12 Ufuk University 2 

İstanbul University  12 Nişantaşı University 2 

Turkish Aeronautical Association University 12 Yıldız Technical University 2 

Aydın University 10 Ankara University 1 

Kocaeli University 10 Bartın University 1 

Eskişehir Technical University  7 Bilim University 1 

Gazi University 7 Çağ University 1 

Marmara University 7 Çankaya University  1 

Bahçeşehir University 6 Dicle University 1 

İnönü University 6 Gedik University  1 

Middle East Technical University 6 Haliç University 1 

Dumlupınar University 4 İzmir Kâtip Çelebi University 1 

Maltepe University 4 Kadir Has University 1 

Akdeniz University  3 National Defence University 1 

Gebze Technical University 3 Kırklareli University 1 

İbn Haldun University 3 Niğde University 1 

Işık University 3 Çanakkale Onsekiz Mart University 1 

İstanbul Technical University 3 Pamukkale University 1 

İstanbul Ticaret University 3 Rumeli University 1 

Sakarya University 3 Süleyman Demirel University 1 

Ankara Yıldırım Beyazıt University 2 Uşak University 1 

Atılım University 2 Mersin University 1 

Manisa Celal Bayar University 2 Medipol University 1 

Hacettepe University 2 Üsküdar University 1 

Hatay Mustafa Kemal University 2 Erciyes University 1 

Muğla Sıtkı Koçman University 3 Health Sciences University 1 

Yeditepe University 3 TOTAL 236 

Okan University 2   

3.4.3. Distribution of theses written from a work 
psychological perspective in the aviation sector 
according to the institutions where they were published 
 

Table 3. Institutions 
Institutions Frequency 

Institute of Social Sciences 162 

Institute of Graduate Studies 46 

The Graduate School of Natural and Applied 

Sciences 

19 

Graduate School of Health Sciences 3 

Defense Institute of Health Sciences 2 

Institute of Educational Sciences 2 

Graduate School of Informatics 1 

Institute for Defence Sciences 1 

TOTAL 236 

 

When the distribution of the theses written from the 

perspective of occupational psychology in the aviation sector 

in the National Thesis Center between 2003 and 2023 is 

examined according to the institutes at which they are 

published, it is seen that the institute with the most studies is 

the Institute of Social Sciences, followed by the Institute of 

Graduate Studies, and then by the Graduate School of Natural 

and Applied Sciences. The least the institutes with the fewest 

studies are the Graduate School of Informatics and the Institute 

of Defense Sciences, with one study each. 

 

3.4.4. Distribution of theses written from a work 
psychological perspective in the aviation sector 
according to the departments in which they are 
published 

When the distribution of the theses written from the 

perspective of work psychology in the aviation sector in the 

National Thesis Center between 2003 and 2023 is examined 

according to the departments in which they are published, it is 

seen that the most work is in the business department, followed 

by the civil aviation management, the business management, 

the aviation management, the psychology, the labor economics 

and industrial relations departments, respectively. 
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Table 4. Departments 

Departments Frequency Departments Frequency 

Business 102 Electrical and Electronics Engineering 1 

Civil Aviation Management 19 Maritime Transportation Engineering 1 

Business Administration 15 Cognitive Science 1 

Aviation Management 12 Industrial Design 1 

Psychology 11 Educational Sciences 1 

Labour Economics and Industrial Relations 10 Education Management and Supervision 1 

Human Resources Management 7 Motion and Training Sciences 1 

Air Traffic Control 5 Physical Education and Sports 1 

Industrial Engineering 4 Economics 1 

Environmental and Technical Research of 

Accidents 
4 Business (English) 1 

Air Transport Management 3 Public Relations and Publicity Department 1 

Pilotage 3 Marketing 1 

Communication 3 Sociology 1 

International Trade and Logistics 3 Psychological Counseling and Guidance 1 

Computer Engineering 2 Family Counseling and Education 1 

Aerospace Engineering 2 Recreation 1 

Human Resources and Organizational Change 2 Defense Management 1 

Public Relations 2 Science of Strategy 1 

Occupational Health and Safety 2 Transportation and Logistics 1 

Tourism Management 2 International Business 1 

Nutrition and Dietetics 1 International Quality Management 1 

Computer Education and Instructional Technology 1 TOTAL 236 

 
3.4.5. Distribution of theses written from a work 
psychological perspective in the aviation sector by 
higher education level 

As can be seen in the table 5, when the distribution of 

theses written from the perspective of work psychology in the 

aviation sector in the National Thesis Center between 2003 and 

2023 is examined according to the level of higher education, 

it has been determined that 188 master's theses, 46 doctoral 

theses and 2 specialization in medicine theses have been 

written. 

 

 

Table 5. Level of Education 
Degree of education Frequency 

M.A. 188 

PhD 46 

Thesis in Medicine 2 

 
3.4.6. Distribution of theses written from a work 
psychological perspective in the aviation sector 
according to the sample group examined 

 

Table 6. Sample Group 
Sample Group Frequency 

Employees in the aviation sector 76 

Pilots - Army aviation pilots (air forces command fighter pilots -land forces command) 44 

Air traffic controller 19 

Airline cabin crew 18 

Airlines flight crew 17 

Ground services workers 16 

Flight and maintenance technicians/ Technical personnel in the aviation sector / Technicians working in 

commercial aircraft maintenance jobs 
9 

Theoretical studies and studies with model proposals 9 

Employees at the management level of airline companies 7 

Associate, undergraduate and graduate students in aviation departments 5 

Employees operating in the sportive aviation sectors 4 

Flight training students and instructor pilots 3 

Company officers serving the aviation sector 3 

Civil aviation general directorate employees 2 

Customers in the civil aviation sector 2 

Flight dispatcher 1 

Flight training organizations operating in the civil aviation sector 1 

TOTAL 236 
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When the theses were evaluated in terms of sample group, 

it was difficult to distinguish the target group and to obtain 

certain numbers, as some of the studies were more general, 

while others were quite specific in this regard. According to 

results, it has been determined that employees working in the 

aviation sector, civil and military pilots, air traffic controllers, 

airline cabin crew, airline flight crew and aviation ground 

services workers were selected as sample groups. 

 

3.4.7. Distribution of theses written from a work 
psychological perspective in the aviation sector by 
research type 

When the table is examined to determine the research type 

of theses, it is seen that out of 236 theses, 203 are quantitative 

research, 17 are qualitative research, 8 are mixed research 

comprising of both qualitative and quantitative research, and 

the remaining 8 are theoretical research. In this case, it is seen 

that between the years 2003 and 2023, the quantitative 

research type was utilized, and mostly through the use of 

questionnaires as data collection tool, followed by the 

qualitative research type utilizing interviews, and then the 

mixed research type, which includes both types of research at 

the minimum level. In the field of aviation, which is more 

suitable for field work, it can be seen that theoretical studies 

are clearly in the minority. 

 

Table 7. Research Type 
Research Type Frequency 

Quantitative 203 

Qualitative 17 

Mixed research 8 

Theoretical 8 

TOTAL 236 

 

3.4.8. Distribution of theses written from a work 
psychological perspective in the aviation sector 
according to the research subjects 

3.4.8.1. M.A. Theses

 

Table 8. Subjects (Master of Theses) 

Subjects (Master of Theses) Frequency Subjects (Master of Theses) Frequency 

Organizational commitment-occupational commitment-

loyalty 
26 Experience 2 

Stress 18 Mental workload 2 

Burnout 16 Risk taking levels-risk management 2 

Communication-Communication skills- Communication 

problems 
9 Positive organizational behavior 2 

Safety management in aviation - Flight safety - Unsafe 

behavior 
9 Organizational support 2 

Emotional intelligence 7 Organizational attractiveness 2 

Anxiety 6 Professional adaptation 2 

Motivation 6 Person-organization fit 2 

SCL90 (somatization, depression, interpersonal 

sensitivity, phobic anxiety) hopelessness 
4 Spare time-perception of boredom 1 

Decision-making 4 Time management 1 

Life satisfaction 4 Problem solving 1 

Worklife balance 4 Digital Literacy 1 

Fatigue / Fatigue risk management 4 Self-Assertion 1 

Organizational justice 4 Alertness 1 

Turnover intention 4 Psychological Ownership 1 

Self-efficacy 3 Caution 1 

Happiness-wellbeing 3 Over workload 1 

Recruitment 3 Psychosocial risk factors 1 

Work engagement 3 Pilots’soft skills 1 

Organizational citizenship 3 Air traffic management 1 

Organizational silence 3 Corporate risk management 1 

Organizational culture-Organizational climate 3 Interaction between Human and Machine  1 

Psychological harassement 3 Machine learning techniques 1 

Shift – normal work 3 Occupational competence 1 

Working conditions and rights 3 Management support 1 

Personality traits / Temperament characteristics 2 Job crafting 1 

Ego analysis 2 Intrapreneurship 1 

Perception of crisis management 2 Psychological contract 1 

Psychological capital 2 Perception of job insecurity 1 

Situational awareness 2 Intention to stay 1 

Between the years 2003 and 2023, the master's theses in the 

field of aviation from the perspective of work psychology 

were examined in terms of the subjects covered at the National 

Thesis Center. According to the analysis result, it was 
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determined that the most studied topics were organizational 

commitment, stress, burnout, communication, safety-security, 

emotional intelligence, anxiety, motivation and so on. 

 

3.4.8.2. PhD Theses 
Between the years 2003 and 2023, the doctoral theses in 

the field of aviation from the perspective of work psychology 

were examined in terms of the subjects covered at the National 

Thesis Center. According to analysis results; it was determined 

that the most studied topics include: performance, 

organizational commitment, personality, manager-leadership 

styles, competence, culture, job satisfaction, intention to leave 

and so on. 

 

 

 

Table 9. Subjects (PhD of Theses) 

Subjects (Philosophy of Doctorate) Frequency Subjects (Philosophy of Doctorate) Frequency 

Performance 10 Nomophobia 1 

Personality 7 Political skills 1 

Organizational commitment 7 Organizational learning ability 1 

Intellectual competence – competence 6 Innovative behavior 1 

Management style-leadership 6 Risk perception 1 

Organizational culture – culture 5 Technostress 1 

Job satisfaction 4 Perception of job insecurity 1 

Intention to leave 4 Psychological empowerment 1 

Agility 3 Positive psychological capital 1 

Motivation 3 Job control 1 

Decision-making 3 
Employees' conformity to the 

organizational rules 
1 

Communication 3 Work engagement 1 

Emotional intelligence 2 Burnout 1 

Managerial support 2 Workplace relationships quality 1 

Organizational justice 2 Organizational socialization 1 

Organizational trust 2 Emotional labour 1 

Organizational citizenship 2 Job demands 1 

Innovation strategies-innovative organizational climate 2 Psychological contract 1 

Working conditions 2 Intrapreneurship 1 

Gender 1 
  

 
3.4.8.3. Theses in Medicine 
When the specialization theses in medicine are examined, 

the topics identified include: human limit, education and 

performance subjects. 

 

Table 10. Subjects (Dissertation in Medicine) 

Dissertation in Medicine Frequency 

Performance 1 

Human Limit 1 

Education 1 

 

4. Discussions and Conclusion 
 

Since the 1980s, globalization has increased, and with it 

there has been an increase in trade at the international level, 

development in the field of tourism, as well as a revival of the 

economy and advancements in technology, all of which have 

contributed to the development of the transportation sector 

quantitatively and qualitatively. Also, flying is often preferred 

because it is faster, more comfortable and more reliable 

relative to other forms of transportation. Along with these 

developments, more personnel were required as the number of 

passengers and trips increased. At the same time, employed 

personnel should be employees who have the technical 

knowledge to use the developing technology, possess excellent 

communication skills and be able to work efficiently by 

adapting to the organization because when the recent studies 

are examined, it is observed that plane crashes are generally 

caused by human errors rather than technical problems. 

As a matter of fact, while it was seen that technical issues 

were mostly studied in the first studies in the field of aviation, 

psychology-based scientific studies became important with the 

increase in human errors. In this context, work psychology, 

which is a discipline that examines the attitudes and behaviors 

of employees in business life, investigates the causes and tries 

to find solutions to problems, comes to the fore. For this 

purpose, the theses written on the aviation sector were 

examined from the perspective of work psychology in this 

study. In order to determine the theses written in this field, a 

comprehensive search of the keywords "aviation", "flight", 

"cockpit", "pilot", "cabin crew", "air traffic" and "aviation 

safety" was made in the National Thesis Center of the Council 

of Higher Education for the years between 2003 and 2023 

(inclusive). One thousand two hundred fifty (1250) theses 

accepted for publication were located in this search. When the 

field of aviation was examined from many different 

perspectives among these theses, it was determined that there 

were 246 theses related to work psychology were in line with 
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the purpose of the research. However, when the concepts of 

"aviation", "cockpit", "pilot", "flight", "aviation safety" were 

scanned, it was determined that 8 theses were similar, so some 

theses were eliminated. Therefore, this study encompassed 

236 theses. They were classified according to the year of 

publication; the universities, institutes, departments at/in 

which they were published; the level of higher education at 

which they were written; the topics in work psychology on 

which they were written; the sample groups which were 

studied, and research type. 

According to the publication years of the theses, it was seen 

that the most studies were published in 2019, then in 2020, 

2021 and 2022, respectively. In other words, it has been seen 

that the number of theses on related work psychology has 

begun to increase in recent years. One possible reason for this 

may be that while technical problems decrease with the 

development of technology, human errors come to the fore and 

the number of human-oriented studies has increased as a result. 

Secondly, according to the universities at which they are 

published is examined, it is seen that they are mostly written 

in Beykent University, Anadolu University, Gelişim 

University, Arel University, Istanbul University, Turkish 

Aeronautical University, Aydın University and Kocaeli 

University. The fact that these universities have programs 

specifically related to aviation can be shown as the reason for 

the       high number of studies. Thirdly, according to the 

departments is examined, it is seen that they are mostly studied 

in the departments of business followed by the departments 

of civil aviation management, business administration, 

aviation management, psychology, labor economics and 

industrial relations, respectively. The fact that business 

departments are older than civil aviation departments and have 

organizational behavior discipline has caused this department 

to come to the fore. Since the subjects are related to the 

attitudes and behaviors of individuals in work life, the 

psychology department may be behind in terms of the theses 

written when compared to other departments. In the 

department of labor economics and industrial relations, the 

existence of the disciplines of work psychology and human 

resources increases the number of relevant studies in these 

departments. Fourthly, according to the institutions is 

examined, it is seen that the institute with the most studies is 

the institute of social sciences because above-mentioned 

departments are affiliated with this institutions. Fifthly, 

according to the level of higher education is examined, it has 

been determined that 188 master's theses, 46 doctoral theses 

and 2 specialization in medicine theses have been written. It 

can be said that the reason for the high number of master's 

theses is that the master's education is more common and 

relatively short-term, a limited number of people receive 

doctoral education, and the doctorate program in the field of 

aviation in Türkiye is limited. Sixthly, when master's and 

doctoral theses are examined in terms of work psychology; it 

has been seen that “organizational commitment, stress, 

burnout, communication, safety management, performance, 

personality, competence and management style” were the most 

studied subjects. As life safety is always at the forefront in the 

transportation sector, “safety management, communication, 

management style, personality and competence” subjects are 

very important. Due to difficult working conditions, excessive 

workload and high levels of responsibility, “stress and 

burnout” topics are also important. “Organizational 

commitment” is also necessary for employees to continue 

working in this sector and “performance” as in every sector are 

among the subjects expected to be studied. Seventhly, when 

the theses were evaluated in terms of sample group, it was 

difficult to distinguish the target group and to obtain certain 

numbers, as it the studies were sometimes general and other 

times quite specific. In general, those working in the aviation 

sector, civil and military pilots, air traffic controllers, airline 

cabin workers, airline flight crew and aviation ground services 

workers were selected as sample groups. Finally, when the 

type of research was examined, it was determined that most of 

the theses utilized quantitative research methods. Although 

quantitative studies are good for collecting more data in the 

field, more qualitative studies are necessary to gain in-depth 

knowledge of the field. At the same time, the mixed research 

type is the most useful research type in terms of outputs 

quantitatively and qualitatively. 

As a result, it was determined that number of studies 

increased after 2019. Although it was seen that lots of research 

were conducted in different departments, institutes and 

universities, more spesific departments related with aviation 

psychology should be opened. Additionaly, despite 

quantitative research type was used in most of the theses, 

qualitative and mixed research types should be          preferred in 

terms of getting more detailed and in-depth information about 

aviation sector. Finally, organizational commitment, stress, 

burnout, performance and personality were very common 

topics studied so researchers should studied on more original 

topics. Moreover, as a result of this study, it will be primarily 

determined how much research has been done on which 

subject and which occupational groups are selected as the 

sample group, and at the same time, subjects and occupations 

that have been studied less or not will be a guide for future 

studies. Moreover, thanks to these researches, managers in the 

aviation sector can learn the reasons for the attitudes and 

behaviors of the employees, how to ensure harmony between 

work life and employee, and how to improve the well-being of 

the employee to prevent accidents. 
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1. Introduction 
 

Today, developments in aircraft technologies both in our 
country and around the world cause a serious increase in the 
number of aircraft fleets and ticket sales, as well as in the 
number of airline companies, therefore their employees and 
passengers (Lasi et al., 2014). However, these developments in 
the aviation industry also necessitate flight safety. For this 
reason, it is striking that the primary purpose of the enterprises 
operating in the sector is to ensure flight safety (Jausan et al., 

2017). As a matter of fact, technological developments reduce 
the causality of technical factors (such as engine, navigation, 
approach and landing systems) in ensuring flight safety, and 
highlight the importance of the human factor in the aviation 
industry to a greater extent (Foushee, 1984; CAP 720, 2002). 

Of course, captain pilots may be the first to come to mind 
when the word "human factor" is mentioned but considering 
the importance and inevitable necessity of teamwork in the 
aviation industry, it is understood that both the cockpit and the 
entire cabin crew are meant (Jensen ve Benel, 1997; CAP 737, 

2006). In other words, it is thought that not a single person - 
the pilot - is responsible for ensuring flight safety, but all flight 
assistants before, during and after the flight. Therefore, a safe, 
successful and trouble-free flight requires a rich perspective on 
the subject. In addition, even team members who are complex 
by human nature and serve the same purpose may have 

different wishes, needs and expectations. The individual 
competencies and competences, weaknesses, information 
asymmetries, attention, understanding and perception levels, 
intelligence and reasoning powers, personalities, emotions, 
stress and fatigue, experiences and health conditions of each 
of them can be different from each other, all of which are of 
great importance in terms of the success or failure of a flight is 
important (Wilhem & Roth, 1997; Sias, 2005; Clark & Rock, 

2016). 
When the studies focusing on the human factor in the 

aviation sector are examined, it is thought that it is necessary 
to focus on accidents that occur due to failure rather than 
successful flight operations in terms of flight safety. Because 
it is stated that there are mostly errors caused by the flight crew 
in aircraft accidents that occur. Researchers examined civil 
aircraft crashes up to the 1980s and found that more than 70% 
of them were caused by flight crew errors. In addition, in the 
studies covering a period of 16 years after 1980, the British 
Civil Aviation Organization analyzed 75% of fatal plane 
crashes and revealed that the flight crew was the main causal 
factor in 67% of them. From a more comprehensive point of 
view, it is pointed out that the main causal factor in plane 
crashes both in our country and around the world is 65% to 
70% of the flight crew (Helmreich & Foushee 1993). 

There are many reasons (physiological, psychological, 
personal, psychosocial) based on the unsuccessful 
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performance of the flight crew, which makes the flight 
operations unsuccessful and even causes various accidents-
destructions. However, in the literature, psychological 
(situational awareness, family conflict, addiction, 
somatization, mental confusion, inattention, depression, 
anxiety, panic disorder, phobic reaction, motivation, 
exhaustion, fatigue, stress, perception, cognitive processes, 
decision making, etc.) The number of studies that draw 
attention to these factors is relatively few compared to the 
others (Jensen, 1997). In fact, it is known that the 
psychological well-being of the flight crew is important for the 
success of the flight operations, but the airline companies are 
not obliged to make any assessments about it, on the contrary, 
some negative results may be encountered due to the freedom 
in this matter. 

Flight 9525 of Germanwings airlines in 2015 is the best 
example and explanatory of this situation. In this flight, which 
is one of the scheduled flights of the airline between Germany 
and Barcelona, co-pilot Andreas Lubitz deliberately crashed 
the plane into the Alps (France), causing a very important 
accident in the history of aviation and in the recent past. As a 
result of the accident, no passengers or flight crew survived, 
and it was stated that the reason was psychological problems 
of the pilot. Many data were obtained about the pilot's 
psychological health (such as depression diagnosis, 
hospitalizations, ongoing psychotherapy process, drugs used) 
and these were included in the accident report. Ultimately, this 
accident had great repercussions in terms of flight safety in the 
aviation industry and once again revealed the importance and 
follow-up of psychological health (BEA, 2016).  

At this point, the place and importance of aviation 
psychology and flight psychologists in the air transport sector 
is understood. The focus of psychology is on the human factor 
and its behaviors. When it comes to aviation psychology, the 
first thing that comes to mind is a branch of science that 
examines the behavior of company employees (individuals or 
crews providing flight services) operating in the air transport 
sector. Aviation psychology is the application of psychological 
principles and techniques to aviation-related problems or 
situations (Martinussen & Hunter, 2010). According to Jensen 
(1997), aviation psychology is a multidisciplinary field (such 
as ergonomics, engineering, psychology, organizational 
psychology, human resources, organizational behavior), and it 
helps to reveal the behaviors of employees in the aviation field 
and the root causes of these behaviors. In particular, the fact 
that human factor causation is at a much higher level than 
previously thought in plane crashes increases the importance 
of aviation psychology and flight psychologists for airline 
companies today. In 1919, British Air Force Dr. According to 
Oliver Gotch, the psychology of flight is very important in 
aviation, so the situation should be given more importance 
than studies in other fields. 

Flight psychologists are essentially experts or clinical 
psychologists who work in areas such as individuals' stress and 
fears, team resource management, psychomotor assessments, 
peer support programs and post-accident psychological 
support processes. These individuals have graduated from a 
course approved by the General Directorate of Civil Aviation 
(SHGM, 2020). However, the first studies on aviation 
psychiatry and psychology were made by neuropsychiatrists. 
In the following years, experts who took a course in aviation 
psychology, namely flight psychologists, started to support the 
studies carried out only by flight doctors for many years. In 
this context, aerospace medicine specialists and flight 
physicians are involved in the psychiatric evaluation for the 
selection of flight personnel and their subsequent health 
examinations. However, the physiological and psychological 
effects of flight on the human organism and the health 

problems that may arise in flight or prevent flight, flight 
personnel morale, motivation, mission performance and flight 
safety, etc. flight psychologists are involved in keeping it at 
the highest level or in supporting actions for it (Çetingüç, 
2018). 

Success in the aviation industry today; It requires 
addressing both physiological and psychological problems of 
the cockpit crew, cabin crew and even passengers. Businesses 
operating in the field of air transport should pay attention to 
the importance and necessity of a detailed examination of the 
origins of psychology and psychological problems in this field, 
especially considering the pilot's suicide dive into the Alps in 
2015 due to psychological problems. As a matter of fact, the 
importance of this issue in military aviation has been known 
since ancient times and has been meticulously emphasized. It 
is thought that flight psychologists, who are permanent 
employees of the air force, may also be important elements of 
flight safety in civil aviation (ATA, 2021). In the light of this 
information, while carrying out civil aviation activities, 
especially flight safety is emphasized, but the role of flight 
psychologists in ensuring flight safety and the issues that 
necessitate their existence are not mentioned. For this reason, 
it is believed that this research, which was carried out to reveal 
the importance of flight psychologists on flight safety in civil 
aviation, will fill an important gap in the literature. 

Qualitative research method was used in the research. 
Qualitative research method was preferred in the research 
because it covers the processes for revealing perceptions and 
events in a holistic way (Cropley, 2021). In the research, two 
different study groups were studied in order to reveal holistic 
and different attitudes. The first working group consists of the 
flight crew (captain pilot and cabin crew) of a private airline 
company. The second working group is the flight crew of a 
public airline company. The main reason why the research was 
conducted with the employees of both public and private 
airline companies is to determine whether the perspectives of 
the two groups on the subject differ. 

Within the scope of the research, face-to-face interviews 
were conducted with the participants (flight crews). Research 
data were obtained through semi-structured questionnaires 
asked to participants in these interviews. Semi-structured 
questionnaires allow the participants to ask the planned 
questions, as well as different questions that are not planned 
according to the course of the interview but related to the 
subject at the time of the interview. Thus, in-depth and 
versatile data on the subject can be obtained. Within the scope 
of the research, interviews were held with a total of 13 
participants, including 5 cabin crew, 4 cabin supervisor and 4 
captain pilot, between September and November 2022.  

In the first stage of the data collection process, a 
preliminary interview was held with 3 cabin crew and 2 
captain pilots, who were easy to access, and an appointment 
was requested by giving information about the research topic. 
The interviewed participants responded positively to this 
request and made an appointment to meet. Interviews with the 
participants were held in the offices of the institutions they 
work for. Face-to-face interviews were recorded with the 
consent of the participants, both in audio and in writing. The 
interview with a participant took 45 minutes on average. The 
recordings made later were transcribed in writing. In the 
research, face-to-face interviews were conducted with 13 
participants through semi-structured questionnaires. The data 
were obtained as a result of face-to-face interviews through 
semi-structured questionnaires in accordance with the purpose 
of the research. Before the interview, the participants were 
informed about the research topic. 

This research is within the scope of exploratory research 
type. The research was carried out using the case study 
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approach, one of the exploratory research qualitative research 
designs. Identifying and discovering what happens in the real 
environment in case studies is possible by systematically 
collecting and analyzing data. In this framework, easily 
accessible case sampling method was used. The interviews 
conducted in the research were recorded in written and audio 
form. At the same time, after each interview, the participants 
were presented with the spoken and transferred information, 
and feedback was received on whether the transferred 
information was understood correctly. Thus, subjective 
inferences are avoided. By receiving feedback from the 
participants about the interviews, the principle of 
confirmability, which is one of the credibility indicators of 
qualitative research, was met. 

 In order for the research results to reveal the truth in a 

holistic way, interviews were conducted with both public and 

private sector employees (comprising cabin crew, cabin chief 

and captain pilot). Thus, the reliability of the internal validity 

of the research was increased by triangulating the data sources. 

At the same time, in order to increase the reliability of the 

research, more than one researcher took part in the analysis of 

the data, and an independent expert who is an expert in 

qualitative research and has publications on this subject 

analyzed the same data. Discussions continued until 

consistency was achieved on the themes. What is the 

importance of flight psychologists in terms of flight safety? 

The participants' views on the question were carried out with 

descriptive and content analyzes. 

 

2. Result and Discussion 
 

The first group of the research consists of the employees 
(participants) of the private airline company. Within the scope 
of the first group, 6 participants were interviewed. The second 
group of the research consists of the employees (participants) 
of the public airline company. The number of participants 
interviewed within the scope of the second group is 7. Of the 
13 participants interviewed, 8 (62%) were male and 5 (38%) 
were female. While 8 of the participants (62%) were 
undergraduates, 5 (38%) were graduates. The average age is 
38. Participants, who have an average of 16 years of 
experience in the sector, have been working in their current 
businesses for an average of 12 years.  

Content analysis was applied to the discourses obtained as 
a result of the interviews with the participants, and as a result 
of the analysis, it was determined that they were gathered 
under three different themes showing that flight safety requires 
a flight psychologist. The first theme was named as “Flight 
Safety-Flight Psychologist Requirement in Airlines”. The 
second theme was named “Flight Safety in Airline Companies 
- The Role of Flight Crew” and the third theme was named 
“Flight Crew Attitude towards the Requirement of a Flight 
Psychologist”. 

 
Table 1: Professional Characteristics of the Interviewed Participants 

Participant 

Number/No 

Gender Education Age Sector Working 

Time In The 

Industry 

(Year) 

Working Time 

In Business 

(Year) 

Position 

Participant 1 Female Master Degree 35 Public 15 15 Cabin Crew 

Participant 2 Female Degree 31 Private 9 7 Cabin Crew 

Participant 3 Male Degree 42 Private 21 20 Cabin Supervisor 

Participant 4 Erkek Master Degree 27 Public 6 6 Cabin Crew 

Participant 5 Female Master Degree 38 Private 16 13 Cabin Crew 

Participant 6 Female Degree 50 Public 28 23 Cabin Supervisor 

Participant 7 Male Master Degree 32 Public 8 7 Captain Pilot 

Participant 8 Male Degree 45 Private 25 17 Cabin Supervisor 

Participant 9 Female Degree 46 Private 27 19 Cabin Supervisor 

Participant 10 Male Degree 50 Public 29 8 Captain Pilot 

Participant 11 Male Master Degree 31 Private 6 4 Co-Pilot 

Participant 12 Male Degree 34 Private 11 11 Cabin Crew 

Participant 13 Male Degree 36 Public 5 5 Co-Pilot 

The discourses of the participants on “Flight Safety-Flight 
Psychologist Requirement in Airline Companies” were 
analyzed by subjecting them to content analysis, and as a result 
of the analysis, it was determined that the opinion of the flight 
psychologist as a requirement for flight safety was clearly 
stated. Supporting citations on the subject are given below.  

“….Until recently I didn’t have a retirement plan…I need 
peace of mind now…I am a passionate person, I love my job, 
but how have I neglected myself until now…that big man who 
used to fly planes when I was little, now has big dreams and 
can’t go back to his childhood… exhaustion and stress are 
killing me …don't get up now and call it a doctor or 
something.. I haven't even seen my children for two weeks.. the 
doctor comes to me, it's even late…”(Participant No:10, Male, 
Captain Pilot)  

“…if there was a flight psychologist in the company, maybe 
the results of things could have been much different… It 
reflects too much on the decisions I will make.. you don't hear 

them calling during the flight... I am in a very depressed state 
of absent-mindedness and carelessness... I am just where I 
need to be physically at that moment…” (Participant No:8, 
Male, Cabin Supervisor) 

“…One of our teammates resigned recently... Apart from 
all that, the psychological disorders he experienced over time 
and some behavior had gotten him to this stage.. then I sat and 
thought about it for a long time. I know a lot of people like you 
and even witness it closely… Occupational deformation… It 
would be great to create time and opportunity not to 
experience this, but how?” (Participant No:2, Female, Cabin 
Attendant) 

“…I didn't know that what I was experiencing was panic 
disorder until a while ago… It was affecting me negatively in 
every way on the flight, at home. The situation… the company 
brought us together with the flight psychologist service, albeit 
from outside… Awareness is very important… Being hugged 
by the door with an emergency warning every time I go to sleep 
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or being suffocated by being out of breath… It was very painful 
to experience the pain in my mind that I did not feel 
physically.” (Participant No:5, Female, Cabin Attendant) 

The discourses of the participants on "Flight Safety in 
Airline Companies - The Role of the Flight Crew" were 
analyzed by subjecting them to content analysis, and as a result 
of the analysis, it was determined that the flight crew played 
an important role in ensuring flight safety. Supporting citations 
on the subject are given below.  

“…one day, a passenger was taken to the plane with a 
drink and alcohol in his hand, other passengers complained a 
lot about this situation (insulting, swearing). Our supervisor 
came and said to him, sit calmly now, please, soon we will 
hand you over to the airport police and you will be billed for 
the ticket price of all the passengers on the plane. I said it saves 
lives…”(Participant No:12, Male, Cabin Attendant) 

 “…everyone working in the service industry knows that 
there is an effort to please others… which means increased 
responsibilities and workload. You need to concentrate on 
your work well and avoid behaviors that will put both yourself 
and others at risk. Therefore, whatever needs to be done in this 
process is carried out on time and completely. The flight crew 
is the heart of this work.” (Participant No:9, Female, Cabin 
Supervisor) 

“…the flight crew takes part in all phases of the flight, fully 
and fully staff… Therefore, ensuring the operation depends on 
the coordination and success of the crew… In one case, the 
timely awareness of a friend from the cabin crew and reporting 
the situation prevented a major problem. we all (passenger 
and crew) could be adversely affected.” (Participant No:13, 
Male, Co-Pilot) 

The statements of the participants about the "Attitude of 
the Flight Crew Towards the Necessity of a Flight 
Psychologist" were analyzed by subjecting them to content 
analysis, and as a result of the analysis, it was determined that 
the flight crew had a positive attitude towards the necessity of 
flight psychologists in ensuring flight safety. Supporting 
citations on the subject are given below. 

  “….After stressful, tired and tense years in the air force, 
it seems much more comfortable to do this job today, but the 
truth of the matter is not.. people are people everywhere, but 
sometimes they think that the only problem is lack of sleep or 
tiredness… being able to take healthy flights. It is also 
necessary for a person to feel healthy and supported in every 
sense in order to…”(Participant No:11, Male, Co-Pilot) 

“…The primary goal and great responsibility for all of us 
is to make safe and successful flights… a problem experienced 
by one of our crew can reflect on all of us from time to time 
and cause negativities… which you cannot say is his personal 
problem because teamwork is inevitable for us, it is best for us 
to eliminate the problem and let the company do this. making 
an effort on the subject…”(Participant No:3, Male, Cabin 
Supervisor) 

“…A safe flight requires a healthy body and a healthy 
mind…the company recently offered us a psychological 
support service, but to what extent we have benefited…no one 
has time and energy for this, in fact, a vicious circle…however, 
success is in our hands in safety and satisfaction…what is it? 
If you sow it, you will reap it... then it's a simple distraction, 
lack of communication, panic, carelessness... is it your fault... 
Nothing is done so that these things don't happen or anyone 
causes them, which I would love to do. (Participant No:6, 
Female, Cabin Supervisor) 

3. Conclusion

Research findings: It shows that flight safety requires the 

presence of flight psychologists in airline companies, flight 

(cockpit-cabin) crew plays an important role in ensuring flight 

safety and they have a positive attitude towards the necessity 

of flight psychologists in airlines. In this context, in similar 

studies, it is seen that only the cockpit crew, not the cabin crew, 

are included in the research in ensuring flight safety, but this 

situation reveals a distinctive feature of this research as it is 

necessary to include them in the research in which both play 

an important role in ensuring flight safety. 

Particularly, it is understood that the participants expect 

from the airline companies and desire their support in terms of 

eliminating the psychological problems, discomforts or 

professional deformation and realizing safe flights. As it can 

be understood from the statements, it is clear that the 

employees need psychological support, but although there is a 

flight psychologist service provided to them, the external 

support is not at a satisfactory and sufficient level. Their 

expectation is that the company tells them unconditionally and 

that you are important to me, and that it provides or 

incorporates this service for the success and well-being of the 

company. 

In addition, the high level of responsibility of the 

employees increases this need because they give themselves a 

great and important role in ensuring flight safety. In this 

context, the findings are in line with studies that emphasize 

that the flight crew plays a major role in ensuring flight safety 

in airline companies (Hochschild, 1983; Chute and Wiener, 

1996; Murphy, 2001). In addition, the positive changes and 

results in the lives of employees who benefit from flight 

psychologist service can give us hope and be convincing about 

the necessity of airline companies to have a flight 

psychologist. 

As a result, healthy and safe flights are important for both 

airline companies and the aviation community. For this reason, 

in order to avoid all kinds of negativity, it is necessary to listen 

to people, their psychological health as well as their physical 

health, their needs, problems, demands and expectations. As 

they say, the flight crew is the heart of the flight. It gives life 

to flight, adds vitality, catches the flow and dynamism, beats 

under all conditions, does not give up-resistance, and contains 

sensitivities… 
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