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RESEARCH ARTICLE

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
the study, the relationship between take-off mass, fuselage length and wingspan of a total of
601 aircraft was questioned for single-piston, twin-piston, turboprop, and jet aircraft types.
Power correlations were used for mass-based sizing of wingspan and fuselage length. In mass-
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/lsus ratios, while motor gliders, firefighters, patrol, and agricultural
aircraft have high b/lss 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

https://doi.org/10.30518/jav.1163494

mass and by revealing statistics according to aircraft types over proportional relationship.

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 (ICAQ,
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 mC
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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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.

lrus = amy© 1)

< Jets
Twin Piston

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 Eg. 1 where m is in kg
and lss 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).

Singe Piston
*  Turboprop
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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 R? value,

except for single-piston aircraft. As seen from Fig. 2, in terms
of wingspan, the weakest correlations were found in single-
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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.

& Jets
100 Twin Piston
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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 R?2
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

Itus = a mg®

Aircraft Type a c R?
Single Pistons 1.22 0.25 0.69
Twin Pistons 0.64 0.35 0.80
Turboprops 0.27 0.45 0.90
Jets 0.39 0.41 0.95

b=amg®

Aircraft Type a c R?
Single Pistons 0.14 0.28 0.41
Twin Pistons 0.57 0.39 0.78
Turboprops 0.59 0.38 0.90
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/lss) ratios of 601
aircraft. Wingspan/fuselage length (b/lws) ratios are
concentrated in different ranges for certain aircraft types.

The b/lws 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/lsys values, single piston aircraft have highest b/l ratio and
jets have lowest b/l ratio.
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Figure 3. Display of the ratio of wingspan to fuselage length for different type of aircraft

ra
=

in
N

Jet Single piston
Aircraft Type

Wingpan/Fuselage length

Twin Pistan Turboprop

Aircraft Type N Mean Wingspan/Fuselage Length SD

Jet 285 0.856 0.125
Single piston 163 1.400 0.158
Twin Piston 61 1.303 0.196
Turboprop 92 1217 0.197

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

Fig. 4 shows wingspan/fuselage length (b/lss) 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/lss 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/lss values, while motor gliders,
firefighters and agricultural aircraft have high b/l values. In
twin-piston aircraft, light transport aircraft have low b/l
values, while firefighters have high b/lss values. In turboprop
aircraft, the aircraft of regional airliners and executive
transport aircraft (P.180 Avanti, Mitsubishi MU-2) have low
b/lss values, while firefighters, patrol aircraft, agricultural and
STOL turboprop aircraft have high b/lss values. In jets, the
aircraft of the regional airliners, narrow body jets have low
b/ls,s values, while business jets and trainer jets have high b/lss
values.
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Figure 5. Some extreme examples in terms of b/lss 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/lss value is in the range of 1.04-
2.25, with a mean value of 1.40. For twin-piston aircraft the
b/lsys value is in the range of 0.88-2.14, with a mean value
0f1.30. For turboprop aircraft b/lss value is in the range of
0.86-1.82, with a mean value of 1.21. For the jets b/lss 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/lsys
values, while agricultural aircraft and motor gliders have high
b/ls values. In twin-piston aircraft, the light transport aircraft
have low b/lss values, while firefighters have high b/l values.
In turboprop aircraft, the regional airliner aircraft and
executive transport aircraft have low b/lss values, while
firefighter aircraft, patrol aircraft, agricultural and STOL
aircraft high b/lqs values. In jets, the regional airliner jets and
narrow body jet airliner have low b/lss values, while business
jets and trainer jets have high b/lss 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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A need has been identified to establish a strategy and framework for airworthiness certification
of autonomous systems in Naval Aviation. The purpose of this research was to document a two-
day virtual summit that was held in June 2021 to develop an initial strategy and framework for
airworthiness certification of autonomous functionality in Naval Aviation air systems. The
summit was designed to engage the airworthiness community to start the development of a
strategy and framework for airworthiness certification of autonomous systems. The summit was
attended by representatives from government, industry and academia. 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 summit and it’s
outcomes in an effort to stimulate the certification community to develop methods for certifying
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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



https://dergipark.org.tr/en/pub/jav
https://orcid.org/0000-0003-3495-7655
https://orcid.org/0000-0001-7869-117X

]A Ve-ISSN:2587-1676

7 (1): 7-16 (2023)

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 (Al), 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:

e 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.

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

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

e 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).

e AFI 62-601: USAF Airworthiness Instruction (Air
Force Instruction 62—601: USAF Airworthiness, 2010).

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

e 70-62: Airworthiness of Aircraft Systems (Army
Regulation 70-62: Airworthiness of Aircraft Systems,
2016).

e 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:

e MIL-STD-882E: DoD Standard Practice: System
Safety (Department of Defense MIL-STD-882E:
Department of Defense Standard Practice, System
Safety, 2012).

e Joint Software Systems Safety Engineering Handbook
(JSSSEH) (Joint Software Systems Safety Engineering
Handbook, 2010).

e 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).

e 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).

e 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).

e SAE ARP 4754: Guidelines for Development of Civil
Aircraft and Systems (Guidelines for Development of
Civil Aircraft and Systems, 2010).

e 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:

e Concepts of Design Assurance for Neural Networks
(CoDANN) (Concepts of Design Assurance for Neural
Networks (CoDANN), 2020), March 2020

e CoDANN II (Concepts of Design Assurance for Neural
Networks (CoDANN) Il, 2021), May 2021

e EASA Atrtificial Intelligence Roadmap 1.0 (Artificial
Intelligence Roadmap 1.0, 2020), February 2020

e 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

e ASTM F3060: Standard Terminology for Aircraft
(ASTM International: F3060-20 Standard Terminology
for Aircraft, 2020), February 2020

e 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)

e ASTM TR2-EB: Developmental Pillars of Increased
Autonomy for Aircraft Systems (ASTM International:
TR2-EB: Developmental Pillars of Increased
Autonomy for Aircraft Systems, 2019)

e 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)

e ASTM F3269: An Industry Standard on Run-Time
Assurance for Aircraft Systems (Nagarajan et al.,
2021), January 2021

e Leveraging ASTM Industry Standard F3269-17 for
Providing Safe Operations of a Highly Autonomous
Aircraft (Skoog et al., 2020), 2020

e 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 Il (Concepts of
Design Assurance for Neural Networks (CoDANN) 11, 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 Al. 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.

10
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Figre 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 Preparing to Aerial Refuel Over Maryland,” 2010)

F/A-18F Super Hornet preparing to aerial refuel

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 Al/ML
functions include:

e  System Development Assurance: This includes unique
considerations for the safety assessment process,

definition of requirements for the intended function and
architectural considerations.

e Learning Process: This includes the process to train the
system, evaluate system performance, and the
hardware/software learning environment.

o 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.).

e 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 Al 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 Al
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 Il (Concepts of Design Assurance for Neural
Networks (CoDANN), 2020; Concepts of Design Assurance
for Neural Networks (CoDANN) 11, 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 Al 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
Al/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.

= = 3
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— . —

System
Inputs

" ET 3 —

Safety Monitor

To Wehicle
Management Function

= = @
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l
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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 Al/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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EA-18G Growler at the Pre-Contact

Figure 4.
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 Al/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. 1t is recommended that the NACAIWG develop and
document certification, criteria, standards, methods of
compliance and processes for AI/ML in DaoD 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 Al/ML function:

e 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.

e 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 Al/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. Al/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 Al/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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Airlines operating in Turkey strive to be international leaders in their segments by adopting
different competitive strategies. The crew planning department plays an active role in achieving
the goals of an airline. In this study, the crew planning departments of airline companies that
adopt two different strategies are compared and the differences they encounter in practice are

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 (Kigikdnal & 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-is, 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 (Durmus & Oztiirk, 2014). The Crew Planning
Department assumes one of the most important tasks in this
regard (Uziilmez & Caliskan, 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 (Ozkan, 2019). In this
business model, high costs are incurred in exchange for
carrying passengers with high ticket fees (Mutlu & Sertoglu,
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 (Onen, 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 (Erdogan,
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 (Eroglu, 2015). In accordance with the cost leadership
strategy, there is a constant effort to develop mitigating
practices on all items of expenses (Dinger, 2013). Low-cost
airline companies prefer secondary airports to procure the
services offered by the airport at more affordable rates (Sen &
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 (Erdogan, 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 & Altintas,
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 & Yaslioglu, 2018), recording
professional health controls, annual leave, training, and
considering the circumstances that hinder the flight of the
members (Akyurt & Yaslioglu, 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

18



JA V e-ISSN:2587-1676

7 (1): 17-28 (2023)

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-is, 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 (inan, 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 & Yaglioglu, 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-Is, 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
(Yanginlar & 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 (Tumdukli, 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
(Topraker & 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’.

e 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
plannlng 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 1%, 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 Lefkosa (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 accommaodation 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, 1% cahin
attendant (CAL), 2" cabin attendant (CA2), and 3" 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. VVehicle 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
e 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
Standby Crew
Accommodation
Variety of Types
Rostering by Type

Aircraft Type

Airline Procedures

Separation of Senior and Junior

Income and Expense Balance

Number of Flight Legs
Employee Satisfaction

Communication
Reporting

Communication and Reporting

FTL
New Rules
24-Hour Rule
Rest Periods
Fixed Off Days
Overtime

Trade Union

Fair and Equitable Distribution of Duties
Off-Day Requests

Civil Aviation Authority Audits

Person-Independent Parings

WhowMNMNOPWOaORr,woaNmOO DLW

(¢ ]

Themes of Low-Cost Airline

Codes of Low-Cost Airline

Frequencies

Turnaround Time
Accommodation

Business Model Base

Number of Employees

Variety of Types

Aircraft Type Rostering by Type

Restriction of Residence

Airline Procedures Part-Time Work

10 Hours Rule
Communication
Reporting

Safety Department
Fatigue Levels

Communication and Reporting

Safety Management

Decision Authority

(]

FTL

Fair and Equitable Distribution of Duties

Separation of Senior and Junior
Civil Aviation Authority Audits
Number of Flight Legs

Rest Requirements
Person-Independent Pairings
Leg Fee

A WO OB_ANDNW POOCOWRAEAEMOOD

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
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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.

Technical
Department
Crew Airline
Planning y Operational
Departmant Efficiency
\ Flight Crew /
« Flight Operations Departmant
« Cabin Crew Departmant

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 with increasing costs because of high standards. Losing human
resources has the feature of increasing the costs of aviation.
Aviation can be defined as one of the fastest growing Therefore, job satisfaction among employees has an important
sectors in the global economy and market. In order for global place in staff turnover.
transportation and shipping services to be sustainable, human Compassion fatigue can be expressed as pity, loss of
resources should be evaluated in the best way. Human resource sadness because of a situation or numbness (Jenkins &
is the most precious treasure that businesses have. It is Warren, 2012, Stamm, 2002). According to studies, there is a
evaluated that organizations managed with personal significant relationship between job satisfaction and
empowerment, motivation and knowledge management will compassion fatigue (DePanfilis, (2006), Grant et al., 2019, Li
be less injured in global competition wars. etal., 2014, Slatten etal., 2011, Yang & Kim, 2016). The most
In order to achieve sustainable goals strongly, common studies on compassion fatigue are those of healthcare
organizations need to use their existing resources workers.
appropriately. Human resource is the most precious capital that Aviation is an industry where billions of people use
organizations have. For this reason, the withdrawal of terminals to fly from one place to another. It is necessary to
experienced personnel learnt by making large investments consider aviation not only in terms of flight services, but also
from the sector depending on internal and external factors can within the scope of ground services. There is a broad spectral
cause great financial losses for businesses. division of labor, such as welcoming passengers at terminals,
In professional organizations, human resources are boarding card and suitcase delivery, electronic guidance
important for staff turnover. According to studies conducted in systems, boarding and apron transportation services, cleaning
various sectors, the incidence of turnover is high for and operation. In addition, the management of airport
employees with low job satisfaction (Chin, 2018, Gabor, 2018, personnel becomes more complex when additional services
Lee etal., 2017, Shu et al., 2018). provided to disabled or elderly passengers are included. The
Aviation, which is the job that requires top security and daily population of most terminals can exceed the population
quality, aims to make people travel safely and quickly. It deals 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 VVroom'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 accommaodation, 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

30



]A Ve-ISSN:2587-1676

7 (1): 29-38 (2023)

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 1%, 2020 and April 01%, 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;

Hia: Job satisfaction differs according to gender.

Hib: Compassion fatigue differs according to gender.

H.a: Job satisfaction differs according to marital status.

H2b: Compassion fatigue differs according to marital status.
Hsa: Job satisfaction differs according to education level.
Hsb: Compassion fatigue differs according to education level.
Haa: Job satisfaction differs according to age.

H4b: Compassion fatigue differs according to age.

Hsa: Job satisfaction differs according to the task.

Hsb: Compassion fatigue differs according to task.

Hea: Job satisfaction differs according to the financial
situation.
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Heb: Compassion fatigue differs according to the financial
situation.
H7: Compassion fatigue affects job satisfaction positively.

Gender v Hib

Haa 7
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-

Haaw

I

« Hea Hib - Fatigue
4 - - Age &« " *
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==
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" Income .
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Figure 1. Research model

Table 1. Sociodemographics

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.

Education n % Marital Status n %
High School 197 30.1 Married 355 54.3
Vocational School 154 235 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 73 111 Good 154 235
Electronic services 48 7.3 Not bad 122 18.6
Slot coordination 86 13.1 Bad 78 11.9
Security 243 375 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
. . Female 374 3.76 0.12
Job Satisfaction 653 4.226 .000 126
Male 279 3.04 0.23
. . Female 374 3.17 0.17
Compassion Fatigue 653 4.645 .000 153
Male 279 3.89 0.12
Marital Status
. . Married 374 3.57 0.11
Job Satisfactin . 653 4,945 .000 192
Single 279 2.87 0.15
. . Married 374 3.03 0.18
Compassion Fatigue . 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 "Hsa:
Job satisfaction differs according to gender" and "Hib:
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Compassion fatigue differs according to gender"
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.

are

Table 3. One Way Anova test results

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, “Hoa: Job satisfaction differs according to
marital status.” and “Hjb: Compassion fatigue differs
according to marital status.” hypotheses can be confirmed.

Education n F p Levene
High School 197
Job Satisfaction College 1>4 3.834 000 1.912
University 217
+Graduate 85
High School 197
Compassion College 1o 3.643 000 1843
Fatigue University 217
+Graduate 85
Age
18-30 years 223
Job Satisfaction 31-40 years 295 3.854 .000 1.945
+41 years 135
. 18-30 years 223
EO’.“F""‘SS'O” 31-40 years 295 3532 000 1.853
atigue
+41 years 135
Task
Handling services 203
Air traffic control 73
Job Satisfaction Electronic services 48 3.924 .000 2.053
Slot coordination 86
Security 243
Handling services 203
Air traffic control 73
(lg;?;zz;ssion Electronic_ser\_/ices 48 3.484 000 1.553
Slot coordination 86
Security 243
Income
Excellent 176
Good 154
Job Satisfaction Not bad 122 4.642 .000 2.347
Bad 78
Very bad 123
Excellent 176
Good 154
gorﬂpassion Not bad 122 3.805 000 1.806
atigue
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, "Hsa: Job satisfaction differs
according to educational status.”, "Hsb: Compassion fatigue
differs according to educational status."”, "Haa: Job satisfaction
varies according to age.", "Hib: Compassion fatigue differs
according to age.”, “Hsa: Job satisfaction differs according to
the task.”, “Hsbh: Compassion fatigue differs according to the
task.”, “Hé6a: Job satisfaction differs according to financial
situation.”, “Hgb: 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 R? CROZ' F Sig. F
Kindness 1421 .000 .372 370 141.271 0.000
Indifference 742
Common 1.441
humanity
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 H; hypothesis was
rejected and the rest were accepted.

Table 5. Hypothesis table

Hypothesis Accept/Reject
Hia: Job satisfaction differs according to Accept
gender.
Hib: Compassion fatigue differs according Accept
to gender.
H.a: Job satisfaction differs according to Accept
marital status.
Hzb: Compassion fatigue differs according Accept
to marital status.
Hsa: Job satisfaction differs according to Accept
education level.
Hsb: Compassion fatigue differs according Accept
to education level.
Hasa: Job satisfaction differs according to Accept
age.
Hab: Compassion fatigue differs according Accept
to age.
Hsa: Job satisfaction differs according to the Accept
task.
Hsb: Compassion fatigue differs according Accept
to task.
Hea: Job satisfaction differs according to the Accept
financial situation.
Hsb: Compassion fatigue differs according Accept
to the financial situation.
H7z: Compassion fatigue affects job Reject
satisfaction positively.

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 (Coté 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, Wagas
etal., 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 Auviation
Authority, it was stated that the participants had a top level of
job satisfaction (Igbal, 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 (Igbal & 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
etal, 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 more and more on the effects of technostress, especially on
employee behaviors and organizations, over concepts and

Studies analysing and revealing the positive or negative  variables. Although technology strengthens businesses with
effects of changing and developing new technologies are  greater productivity, efficiency in the workplace, improved
increasing day by day (Chiappetta, 2017). Developing  communication, improved mobility and HR (Human
technology and increase in knowledge cause changes in the  Resources), negative consequences that can be considered

business life of employees. Recent studies emphasize that  important for both employers and employees may arise from
employees are under the influence of technology-based the use of this technology (Boyer-Davis, 2018).
information, and this creates an overload of information and The aviation sector is one of the sectors where technology

work stress on employees (Kaymaz, 2019). This type of stress  develops most rapidly and its applications have a wide impact
originating from developing technology is examined under the  (Alam, 2016). The advancement of technologies used in an
concept of technostress as a new phenomenon (Norulkamar et aircraft is a serious stress factor on both pilots and technical
al., 2009). TS (Technostress), a phenomenon that emerged  personnel. The decisions to be made by the technical personnel

with the integration of computer and artificial intelligence in case of aircraft maintenance and breakdowns affect the
technologies into working life, was defined by the first  entire flight operation in particularly and the aviation industry
psychologist Dr. Craig Brod (1984) as 'the inability to cope in general. Several leading companies in high-tech industries
with new computer technologies as a modern disease of our have begun to reorganize their procedures, approaches to
age and the failure to adapt to these new technologies’.  work, and decision support systems using training methods

According to different researchers, technostress is a  derived from decision analysis. The aviation industry and
psychological expression and the mental and physiological  airlines are supporting related programs to improve decision-
arousal due to technology (Arnetz & Wiholm, 1997), the  making and raise situational awareness about the impact of the
negative impact on the thoughts, behaviors, attitudes and body decision (Zsambok, 2014). These programs are especially
of the employee who is expected to cope with technology  based on regulating the decision-making styles of the
(Weil & Rosen, 1997), Itis defined as the difficulty of adapting  employees and determining which factors affect the decision-
to new technologies (Brand, 2000). Researchers are focusing 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
(Colakkadioglu & Giigray, 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 (Yasar, 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 (Orcanli 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 (Organli 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 (Kose & 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). Gizilgiil Valibayova
(2018) examined the effect of job insecurity perception on job
stress and job performance in her master's thesis.

When Tugge 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 Oguzhan 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 (Ergdnil, 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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Figure 2. Research and Related Theories Model in the Moderation of Perceptions of Job Insecurity

3.2. Hypotheses

H1: There is a significant relationship between the
dimensions of technostress and decision-making styles:

The first hypothesis is that there is a significant relationship
between the technostress dimensions and the decision-making
styles of the employees. It is thought that the five dimensions
of technostress have significant relationships with decision-
making styles at different levels. In particular, determining
which decision-making style is more affected by which
technostress dimension will provide useful evidence for the

employees to determine the effect of the stress they are
exposed to on the decision style.

H2: The perception of job insecurity has a significant
moderator role in the relationship between technostress and
decision-making styles:

The second hypothesis is that 'the perception of job
insecurity has a significant moderator role in the relationship
between technostress and decision-making styles'. It is known
that the perception of job insecurity is a significant moderator,
especially with the stress factor, as seen in previous studies. In
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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 (llgaz 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 (Seker, 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

Non-standardized Constants

Standardized

Model Constants t p VIF
B Std. Error B
(Constant) 3.081 0.216 14.263 0.000
Techno - 1.595
Overload -0.067 0.036 -0.113 -1.884 0.040
Techno Invasion -0.013 0.030 -0.026 -0.444 0.657 1.487
1 Techno 0.136 0.039 0.207 3.499 0.001* 1.556

Complexity
Techno 0.099 0.038 0.146 2.354 0.010% 1.432
Insecurity
Techno 0.166 0.034 0.242 4.921 0.000* 1.078

Uncertainty

a. Dependant Variable: Rational Decision-Making p<0.05* R?=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

Non-standardized Constants

Standardized

Model Constants t p VIF
B Std. Error B
(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
2 Techno -0.120 0.062 0.117 1939 0.053 1.556
Complexity
Techno Insecurity -0.053 0.061 -0.050 -0.868  0.386 1.432
Techno 0.145 0.054 0.134 2671 0.008* 1.078

Uncertainty

a. Dependant Variable: Intuitive Decision-Making p<0.05* R?=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

Non-standardized Constants

Standardized

Model Constants t p VIF
B Std. Error B
(Constant) 2.882 0.303 9515  0.000
3 Techno Overload 0.002 0.050 0.002 0.035 0972 159
Techno Invasion 0.043 0.041 0.061 1044 0.297 1.487
Techno Complexity 0.156 0.054 0.172 2872 0.004* 1.556
Techno Insecurity 0.038 0.054 0.041 0716 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* R?=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
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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

Non-standardized Constants

Standardized

Model Constants t p VIF
B Std. Error B

(Constant) 3.675 0.277 13.275  0.000
Techno Overload -0.074 0.045 -0.096 -1.616 0171 1.595
A 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 1432
Techno Uncertainty -0.022 0.043 -0.025 -0.509  0.648 1.078

a. Dependant Variable: Instant Decision-Making p<0.05* R?=0.123

F=11.118

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

Non-standardized Constants

Standardized

Model Constants t p VIF
B Std. Error B
(Constant) 4.095 0.325 12.610  0.000
Techno Overload -0.031 0.053 -0.033 0575  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 -4511  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* R?=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.
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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 to have a significant effect on a particular decision-making
technostress and five decision-making styles is shown above. ~ Style. In the table below, the direction of significant
All dimensions except the techno-invasion dimension seems ~ "élationships is expressed.

Table 6. Technostress and Decision-Making Styles Relationship Direction Network Table
ecision-Making

Styles RATIONAL INTUITIVE DEPENDANT AVIODANT INSTANT
Technostress
Techno Overload -
Techno Complexity + + - -
Techno Invasion
Techno Uncertainty + + +
Techno Insecurity +

4.2. The Moderating Role of Perception of Job Insecurity of quantitative job insecurity (p=0.041) has a significant
in the Relationship Between Technostress and Decision- moderator effect in the relationship between technostress and
Making Styles rational decision-making, and that technostress has an

When the table emerged as a result of the hierarchical explanatory effect to (R2=31%) and the effect is lower (from
regression analysis is examined, it is seen that the perception

$=0.136). p=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

Non-standardized Standardized
Model Constants Constants t p R?2
B Std. Error B
1 (Constant) 4.317 0.031 140.557 0.000
Technostress 0.079 0.032 0.136 2.509 0.013 0.20
Quantitative J.I. 0.033 0.033 0.057 1.012 0.312
Technostress* Quantitative J.1. 0.055 0.027 0.108 2.055 0.041* 0.310
a. Dependent Variable: Rational Decision Making J.1.: Job Insecurity * p<0.05
When the table emerged as a result of the hierarchical intuitive decision making, and that technostress has an

regression analysis is examined, it is seen that the perception explanatory effect to (R2=6.4%) and the effect (B=-- It was
of quantitative job insecurity (p=0.000) has a significant determined that it changed from 0.184 to p=0.181) in the
moderator effect in the relationship between technostress and opposite direction.

Table 8. The Moderate Role of Perception of Job Insecurity in the Relationship Between Technostress and Intuitive Decision-
Making Hierarchical Regression Analysis

Non-standardized Standardized
Model Constants Constants t p R2
B Std. Error B
(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.1. 0.145 0.041 0.181 3.518 0.000* 0.064

a. Dependent Variable: Intuitive Decision Making J.1.: Job Insecurity * p<0.05

When the table that emerged as a result of the hierarchical impulsive decision making, and that technostress has increased
regression analyzes is examined, it is seen that the perception its explanatory power to (R2=12.9%) and the effect (B=-- It
of qualitative job insecurity (p=0.002) has a significant was determined that it decreased from 0.320 to p=0.144).
moderator effect in the relationship between technostress and

Table 9. The Moderating Role of Perception of Job Insecurity in the Relationship Between Technostress and Instant Decision-
Making Hierarchical Regression Analysis

Non-standardized Standardized
Model Constants Constants t p R?
B Std. Error B
(Constant) 2.327 0.036 65.279 0.000
Technostress -0.241 0.036 -0.320 -6.684 0.000 0.099
3 Qualitative J.1. 0.069 0.036 0.091 1.918 0.056
Technostress* Qualitative J.1. -0.098 0.032 -0.144 -3.061 0.002* 0.129
a. Dependent Variable: Instant Decision Making J.1.: Job Insecurity * p<0.05

In the analysis, it was determined that the perception of job between technostress and dependent decision-making style. In
insecurity does not have a moderator role between technostress the table below, the meaningful and meaningless moderator
and avoidant decision making. At the same time, the moderator roles of the dimensions of job insecurity perception in the
role of the perception of job insecurity was not analysed relationship between decision-making styles and technostress
because there was no significant relationship are indicated.
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Table 10. Moderator Role of Perception of Job Insecurity in the Relationship Between Technostress and Decision-Making

Styles

TS*DMS

TS*RATIONAL DMS

MODERATOR

TS*INTUITIVE DMS TS*INSTANT DMS

QUANTITATIVE J.I. \

QUALITATIVE J.1.

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
(Coban, 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.1. has a
full moderation effect in this relationship. Technological stress
leads to increased intuitive decision-making in employees with
high quantitative J.1. 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
(Unsar & Dinger; Ilkim & Derin, 2018; Selvi & Siimer, 2018),
it has been seen that the perception of job insecurity leads to
negative changes in employee performance, job perspective,
and emaotions. 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.1. 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
(Guinalan, 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 (Dogan, 2016; Ufuk et al., 2015; Coban, 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 (Curseu & 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 by offering promises they can keep. It can be ensured that the
employees stay at the organization through the positive effect

In today’s increasingly competitive environment, it is of the psychological contract, which is a type of contract, on
getting harder for organizations to compete. Itisalsoafactthat ~ the perception of the employees. In the studies conducted to
the survival of organizations is evaluated in multiple ways. seek an answer to the questions Why does an employee stay in
Therefore, in order to reach their predetermined goals, the his/her organization? or the opposite question Why does an
organizations do not only produce goods and/or services but ~ employee leave his/her organization? as emphasized by
also act based on the welfare, belonging, well-being and Mitchell et al. (2001: 1104), the reasons for turnover behavior
happiness of the employees who are the most valuable capital could not be adequately explained with existing concepts or
for the organization. Otherwise, employees will leave the job theories, and the concept of job embeddedness was discussed.
and the organization, resulting in high costs for organizations It is observed that the concepts that are thought to be effective
(Rubenstein, Eberly, Lee, Mitchell, 2018:1). It is not expected in job embeddedness in the future, the leader-member
from the organizations in airline transport to bear a new cost exchange (LME) as in the study by Harris, Wheeler and
item. It is inevitable to state that there are various elements that Kacmar (2011), psychological safety, perception of support by
organizations need to provide for employees to coalesce into Singh, Shaffer and Selvarajan (2018), LME and person-
their jobs and organizations, that is, to experience organization fit by Mazioglu and Kanbur (2020), perception
organizational identification (Mael ve Ashfort, 1992) and, so on organizational support by Afsar and Badir (2016) and
to speak, to be embedded in their work. Akgiindiiz and Sanli (2017), the trust for the manager and the
perceived organizational justice by Akgundiz, Guzel and
. - X . Harman (2016), contextual performance perception by Kesen
as the product of a multi-faceted evaluation while performing 0y Akyiiz (2016), are mostly positive concepts. However, it
their work within an organization, it is ideal for them to feel is understood that the possible effect of a negative factor on
safe cognitively, physically and emotionally. Otherwise, itis o empeddedness is not addressed or there are hardly any
possible for them to get disappointed by or bear a grudge studies (Holtom, Burton, and Crossley, 2012: 434).

against their organizations, to turn to organization cynicism in Considering the aeneral distribution of the studies. it is
other words (Dean, Brandes ve Dharwadkar, 1998). In order to g g '

prevent that, organizations need to gain the trust of employees

From the hypothesis that the employees show their efforts
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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 Yildiz, 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 (Dedeoglu 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 (Gil, 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).

Cakir (2001) approaches the concept of organizational
support from a different perspective. According to Cakir
(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 (Cakir, 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 (Ozdevecioglu, 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.

Ozsavaner (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, Ozgul 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 Aydin 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 Akyiiz (2016), consisting of seven
statements and one dimension was used. In the scale, there are
statements such as | am too devoted to my job to leave my
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institution., I cannot leave this institution easily when | 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 Ulbegi,
Mimaroglu-Ozgen and Ozgen (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 | 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 Cetinkaya and Ozkara 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 Yilmaz 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 (J6reskog and Sérbom, 2006).
As aresult 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 (Aytac 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. Itis hard for me to leave this organization. 0.913
3. 1 am too devoted to this organization to leave. 0.907
4. | feel connected to this organization. 0.869
5. When I think about what my institution has provided me, | cannot easily leave this institution. 0.922
6. It is easy for me to leave this organization. (T) 0.914
7. 1 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 | 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 | 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 0.68 091
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 | 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 | 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 | work, all the promises made to me have been fulfilled. 0.884
5. Most of the promises made to me have been kept, as | 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 363 0.779 0.825" (0.81)
support
3. Abusive management 1.81 0.481 -0.146" -0.134" (0.82)
4. Psychological contract 3.22 1.018 0.680" 0.717" 0.074 (0.90)

perception
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 (8=-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 (3=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 (B=-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,

Table 3. Path Analysis

(8=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, (B= 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 (3=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 (3=-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 (8=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;
CF1=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
(8=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.

Dependent Variables

Predictor Variables

Perceived Organizational Support

Job Embeddedness

R
Abusive Management -
R? -
Abusive Management -0.255™
R? 0,022
Abusive Management -
Perceived Organizational Support -
R? -

Indirect Effect

Psychological Contract Perception -
RZ

Psychological Contract Perception
R? 0.527
Psychological Contract Perception -

Perceived Organizational Support -

R? -

Indirect Effect

SH B SH
- -0.064 0.098
- 0.002
0.104 - -
- 0.142"" 0.56
- 0.795™" 0.46
0.728
-0.129;
%95 GA [-0.269; 0.011]
- 0.480 0.035
- 0.483
0.035 - -
- 0.537"" 0.35
- 0.795"" 0.46
0.733
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 Ozsavaner (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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The aviation industry is one of the sectors that have been adversely affected by the pandemic,
both materially and morally. In the early stages of the pandemic, air transport came to a
standstill for a long time. The airline industry's inability to do business has had some
consequences. Pilots, who are the last link of flight safety, which is an indispensable priority of
the airline industry, have been the professional group that directly confronts the material and
moral consequences of interrupted flights. When the importance of the flight performance of
the pilots is evaluated, the effect of these results on the aviation sector has become suitable to
increase geometrically. In this study, it is aimed to reveal the extent to which the pilots are
affected by the pandemic conditions and the main reasons for these effects. The method of the
study was determined as a questionnaire and one-to-one interviews with flight instructors. 148
pilots participated in the survey and 3 flight instructors were interviewed. According to the
results, it has been seen that the group most affected by the effects of the pandemic is the
inexperienced first officers who have just started to work and have not gained enough
experience yet. It has been seen that every time they come to the cockpit, they perform as if
they are sitting in that seat for the first time. It was observed that the least affected were
experienced captains. However, in general, since flight is a team job, it has been observed that
the workload of experienced captains increases due to inexperienced first officers, which
negatively affects flight performance. However, it is thought that it is not reflected in the

statistics due to the decrease in the number of flights.

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 (ICAQ, 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 & Sahin, 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
(ICAQ, 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 (Mevliitoglu, 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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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 (Akalin, 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).
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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). Aydin (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 (Aydin, 2019). Erik¢i
(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 Gller (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
(Gdiler, 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?

« Didthe 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 o