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one of the most critical competencies for crew members. As automation and technology
play an ever-larger role in aviation, managing cognitive load during training has become
a pressing issue. This study addresses the problem of how human resource (HR)
departments can integrate gamification techniques into crew resource management
(CRM) training to improve situational awareness while reducing cognitive overload. The JEL: M12, L93, M53, D83, D91
aim of the study is to explore HR strategies that optimize cognitive load using
gamification in aviation training programs. A qualitative methodology was employed,
involving semi-structured interviews with 15 experts, including HR professionals,
aviation trainers, and cognitive psychologists. Data were analyzed using thematic
analysis, with NVivo software facilitating the coding and identification of key themes.
The findings reveal that HR plays a pivotal role in reducing cognitive load by
incorporating scenario-based training, real-time feedback, and post-flight debriefing
sessions. Additionally, gamification methods—such as VR simulations, competitive
challenges, and performance feedback loops—were found to enhance situational
awareness by optimizing cognitive engagement. The novelty of this study lies in its focus
on the intersection of gamification, cognitive load management, and HR training
strategies in aviation, providing new insights into how emerging technologies can be
effectively applied to improve crew performance and safety in high-pressure
environments. This research contributes to the growing body of literature on aviation
training by highlighting the practical implications of gamification for HR professionals. Type - Research
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1. Introduction

The aviation industry operates in an increasingly complex environment where safety and efficiency
are paramount. Among the critical factors influencing flight safety is situational awareness, which enables
pilots to perceive, interpret, and anticipate elements within their operational environment to make informed
decisions under time constraints (Nguyen et al., 2019). However, conventional training methods often
struggle to address the cognitive demands imposed on pilots during high-pressure scenarios, limiting their
ability to develop and sustain situational awareness effectively (Bendak & Rashid, 2020). As aviation
technology advances and flight operations grow more intricate, the need for innovative, adaptive training
methods has become more pressing (Wang et al., 2021). One promising solution is gamification, which
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incorporates interactive, game-like elements into training programs to enhance engagement, reinforce
learning, and improve information retention (Wang & Hung, 2024).

Despite its potential advantages, the integration of gamification into aviation training presents
challenges, particularly in managing cognitive load. Cognitive load theory (CLT) suggests that the efficiency
of learning is influenced by the way information is presented, as excessive cognitive demands can hinder
knowledge retention and decision-making (Paas et al., 2003). Training environments that impose high
cognitive load risk overwhelming trainees, leading to decreased situational awareness and impaired
performance during real-time flight operations (Sweller & Chandler, 1991). Effective training design must
therefore balance cognitive demands while maximizing learning outcomes, an area where gamification has
the potential to provide structured, engaging, and cognitively optimized training experiences.

This study focuses on the challenge of reducing cognitive overload in aviation training while
enhancing situational awareness through gamification. Existing human resource (HR) strategies in aviation
training continue to rely heavily on traditional instructional methods that may not fully account for the
cognitive demands pilots face in high-stress operational environments (Harvey & Turnbull, 2020; Mizrak,
2023). While HR plays a key role in developing training programs, there remains a gap in the integration of
gamification techniques that optimize learning efficiency without overwhelming cognitive capacity.
Understanding how gamification can be strategically designed to balance cognitive load and situational
awareness is essential for improving training methodologies in aviation.

The objectives of this research are twofold: first, to investigate how HR-led training strategies using
gamification can reduce cognitive load while enhancing situational awareness, and second, to explore how
training programs can be structured to manage cognitive overload effectively and improve pilot decision-
making. Grounded in cognitive load theory (CLT), this study examines the role of HR in integrating
gamification into aviation training programs to achieve an optimal balance between cognitive demand and
learning effectiveness.

To achieve these objectives, the study aims to answer two key research questions:

e How does gamification contribute to reducing cognitive load while enhancing situational awareness
in aviation training?

e What HR strategies can effectively structure training programs to balance cognitive load and
situational awareness?

Using a qualitative research design, this study incorporates semi-structured interviews with HR
professionals, aviation trainers, pilots, and cognitive psychologists to gather insights into the intersection of
HR strategies, cognitive load management, and gamified training methodologies. The qualitative analysis,
conducted using NVivo software, identifies key themes related to HR’s role in training development, cognitive
load optimization, and gamification techniques in aviation education.

2. Literature Review

2.1. Human Resource Management in Aviation

Human resource management (HRM) plays a critical role in shaping training and development
programs within the aviation industry, directly influencing pilot performance and situational awareness. In a
highly regulated and safety-sensitive sector, strategic HRM practices are essential for maintaining operational
efficiency, managing risks, and fostering a competitive advantage. Harvey and Turnbull (2020) emphasize
that, in the European aviation market, aligning HR strategies with organizational goals enhances workforce
performance and regulatory compliance, ensuring that aviation professionals are equipped to meet industry
standards. Beyond recruitment and talent retention, HR is responsible for continuous professional
development to address the dynamic challenges of aviation operations. A primary area of HRM influence is
the design and execution of training programs that enhance situational awareness, a core competency for
pilots and aviation personnel. Paraschi et al. (2022) explore how HRM practices are affected during economic
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crises, such as austerity measures, and stress the importance of maintaining a strong safety culture regardless
of financial constraints. Even in challenging times, HR must prioritize training initiatives that support
situational awareness and risk mitigation. Similarly, Chan and Li (2022) highlight HR’s role in aviation safety
management systems, where structured training programs instill professional values among pilots, cabin
crew, and managers, fostering better decision-making and crisis management skills.

Beyond technical training, HR is also responsible for fatigue management, a crucial factor affecting
cognitive performance and situational awareness in aviation. Olaganathan et al. (2021) emphasize that HR-
led fatigue mitigation programs contribute to pilot readiness and operational safety by implementing work-
rest balance policies, psychological support systems, and adaptive scheduling strategies. Managing fatigue is
integral to sustaining pilots’ attention and responsiveness during flight operations, reducing human error and
optimizing decision-making. Similarly, De Sant and de Hilal (2021) examine the role of human factors in safety
behavior in offshore aviation, further reinforcing how HR-driven cognitive and behavioral training can
minimize risks and enhance operational outcomes. Standardization of aviation training programs is another
critical area where HRM contributes. Dolzhenko et al. (2024) argue that unifying training under international
safety standards ensures that situational awareness principles are consistently incorporated into professional
development. This standardization allows HR to establish a cohesive learning framework, reinforcing
essential competencies across different aviation organizations. In addition, crew resource management
(CRM) training, as highlighted by Mizrak and Mizrak (2020), represents an HR-led initiative aimed at
improving teamwork, communication, and decision-making—all of which are essential for enhancing
situational awareness and reducing human error in flight operations.

Technology integration is another key component of HRM’s evolving role in aviation training. Miao
et al. (2022) discuss how Industry 4.0 technologies enhance knowledge management systems, supporting
HR-led initiatives that improve safety, learning retention, and operational performance. The application of
virtual reality (VR) in aviation training, as explored by Khandelwal and Upadhyay (2021), offers immersive
learning environments that simulate real-world flight scenarios, allowing pilots to develop situational
awareness in a controlled setting. HR strategies that embrace technological advancements ensure that
training methodologies remain relevant, interactive, and adaptable to the demands of modern aviation.
Diversity in HR strategies also plays a significant role in enhancing situational awareness. Opengart and
Germain (2018) advocate for diversity intelligence within HRM, emphasizing that the increased
representation of women pilots contributes to stronger team dynamics and improved decision-making
processes in the cockpit. By fostering inclusive leadership development programs, HR can create a more
collaborative and cognitively agile workforce, further strengthening situational awareness at both the
individual and organizational levels.

In conclusion, HRM in aviation serves a strategic and operational function, encompassing training
program development, fatigue management, technological adaptation, and diversity-driven workforce
optimization. As Mizrak (2023) notes, effective HR-led training initiatives not only align with safety and
regulatory objectives but also contribute to workforce efficiency and resilience. By incorporating situational
awareness principles, innovative training technologies, and structured safety strategies, HR ensures that
pilots and aviation personnel are well-prepared to navigate the cognitive and operational complexities of
their roles, ultimately enhancing safety, performance, and decision-making in aviation operations.

2.2. Cognitive Load Theory

Cognitive load theory (CLT) is a framework that explains how cognitive processes are impacted by
the structure and complexity of information during learning, with critical implications for aviation training.
Developed by Sweller and Chandler (1991), CLT identifies three types of cognitive load—intrinsic, extraneous,
and germane—which are central to the design of instructional methods. The theory highlights that working
memory is limited, and instructional materials should be designed to optimize cognitive load to facilitate
effective learning, particularly in high-pressure environments like aviation where cognitive overload can lead
to reduce performance and increased error rates.
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Intrinsic load refers to the complexity of the material itself. In aviation, this load is naturally high due
to the technical nature of the content pilots must master, such as flight operations, navigation systems, and
emergency procedures. For example, learning to interpret multiple flight instruments simultaneously
presents a high intrinsic load, especially for novice pilots. Extraneous load, on the other hand, is the
unnecessary cognitive effort imposed by poor instructional design. In aviation, extraneous load could be
caused by overly complex or irrelevant information in training manuals, inefficient simulations, or distracting
interfaces in flight simulators (Kirschner, 2002). Reducing this type of load allows learners to focus on
essential tasks. Finally, germane load involves the cognitive effort dedicated to constructing and automating
mental models, or schemas, which are vital for situational awareness and quick decision-making in aviation
(Paas et al., 2003). Pilots need to develop and refine these schemas to interpret and react quickly to flight
situations under pressure.

In high-pressure environments like aviation, managing cognitive load is essential to ensure that pilots
can maintain situational awareness and make critical decisions under stress. The application of cognitive load
theory in aviation training is particularly relevant because errors caused by cognitive overload can have
severe consequences. For example, aviation training programs often make use of flight simulators that are
designed to replicate real-world flight conditions. These simulators provide an opportunity to control the
level of cognitive load placed on pilots. By progressively increasing the complexity of tasks, instructors can
help trainees build the necessary schemas to manage complex flight situations. In this case, the goal is to
balance intrinsic load by starting with basic procedures and gradually incorporating more advanced tasks
(Sweller & Chandler, 1991). Additionally, simulators can be designed to reduce extraneous load by minimizing
distractions, providing clear and concise feedback, and streamlining interfaces so that pilots can focus on the
essential elements of the simulation.

Multi-tasking in Simulators One practical application of CLT in aviation involves training pilots to
manage multiple tasks simultaneously, such as navigating, communicating with air traffic control, and
monitoring fuel levels. During simulation-based training, cognitive load can be carefully controlled to prevent
pilots from becoming overwhelmed. By gradually introducing new variables, such as weather conditions or
system failures, the training program ensures that the intrinsic load increases in a manageable way. This
supports the development of germane cognitive load, as pilots build and refine their mental schemas for
handling various situations (Martins, 2016). For instance, after repeatedly practicing emergency landings in
different weather conditions, pilots develop the ability to process information more efficiently and make
faster, more accurate decisions in real-life situations.

Reducing Extraneous Load in Cockpit Training in another example, extraneous load can be reduced
in cockpit training through clear instructional design and the use of intuitive interfaces. Research by Bannert
(2002) indicates that minimizing irrelevant information and streamlining cockpit displays can significantly
reduce the cognitive load on pilots, allowing them to focus on critical tasks. For example, during an
emergency, a cluttered cockpit display that shows non-essential information increases the extraneous load
and makes it harder for pilots to focus on relevant cues. Simplified, well-organized dashboards and
instructional materials can prevent cognitive overload, enabling pilots to maintain situational awareness and
make quick, informed decisions.

Communication plays a crucial role in aviation, particularly in high-pressure environments where
cognitive load can impact speech clarity and efficiency. An example of CLT relevance in communication-based
tasks comes from Huttunen et al. (2011), who explored how cognitive load affects speech prosody during
military flights. Their findings suggest that increased cognitive load can lead to reduced speech clarity and
efficiency, which has direct implications for aviation training, where clear and precise communication is
essential for safety. By applying CLT principles, training programs can be designed to minimize extraneous
load during communication tasks, ensuring that pilots can communicate effectively even under high cognitive
stress. For instance, teaching structured communication strategies that simplify and clarify interactions
between pilots and air traffic control can help reduce cognitive load, enabling more efficient and accurate
communication in high-stress scenarios.
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To optimize learning, it is crucial to manage the balance between intrinsic, extraneous, and germane
loads. Aviation trainers must design programs that avoid cognitive overload while ensuring that pilots are
adequately challenged. CLT provides a valuable lens through which to design progressive training modules
that gradually increase the complexity of tasks. Instructors can control the level of cognitive load experienced
by pilots to prevent burnout and maximize learning efficiency. For instance, modular training that starts with
simple tasks, such as basic navigation, and progresses to more complex emergency scenarios can help pilots
build mental schemas effectively. By increasing the intrinsic load only as learners become more competent,
training programs ensure that pilots are developing the cognitive capacity needed for real-world flight
scenarios (Paas et al., 2003). Furthermore, by applying CLT principles, these training programs can focus on
germane load—helping pilots construct effective mental models that allow for rapid, accurate decision-
making in high-pressure situations.

Cognitive load theory offers a robust framework for optimizing aviation training, helping instructors
design programs that effectively manage cognitive load to enhance learning and situational awareness. By
focusing on reducing extraneous load and facilitating the construction of germane cognitive schemas,
training programs can better prepare pilots to operate efficiently in complex, high-pressure environments.
Practical applications of CLT in aviation, from simulators to communication tasks, demonstrate how careful
management of cognitive demands can lead to better decision-making and improved performance,
ultimately contributing to enhanced safety and operational efficiency in the aviation industry.

2.3. Importance of Situational Awareness in Aviation

Situational awareness (SA) is a critical factor in ensuring aviation safety, allowing pilots to perceive,
comprehend, and project information about their environment to make timely and effective decisions. As
aviation becomes more complex and reliant on advanced technologies, maintaining situational awareness
has become even more essential. Lapses in situational awareness have been identified as key contributors to
several catastrophic aviation accidents. For instance, the 1996 mid-air collision over Charkhi Dadri, India,
occurred due to a failure of the Kazakhstani flight crew to maintain situational awareness regarding their
altitude, which led to a tragic collision with another aircraft (Nguyen et al., 2019). Similarly, the crash of Air
France Flight 447 in 2009 resulted from the pilots' inability to accurately assess airspeed and aircraft status
in turbulent weather conditions, causing a loss of situational awareness and leading to the aircraft’s stall
(Stanton et al., 2001). These accidents illustrate the severe consequences of diminished situational
awareness in high-pressure environments, where a few moments of uncertainty or confusion can lead to
fatal outcomes.

Furthermore, the crash of Asiana Airlines Flight 214 in 2013 highlights how over-reliance on
automation can impair situational awareness. In this incident, the pilots mismanaged the aircraft’s descent
and failed to recognize their dangerously low airspeed until it was too late. Wang et al. (2021) discuss how
situational awareness is linked to both cognitive and emotional intelligence, which are crucial for managing
the demands of high-stress aviation environments. The case of Asiana Airlines Flight 214 underscores the
importance of pilots actively maintaining awareness and avoiding complacency, even when assisted by
automated systems.

In addition to these examples, fatigue has been shown to negatively impact situational awareness,
further increasing the risk of accidents. Bendak and Rashid (2020) conducted a systematic review of fatigue
in aviation and highlighted how cognitive fatigue can impair a pilot’s ability to maintain situational awareness.
Fatigue leads to slower reaction times and diminished ability to process environmental cues, further
complicating decision-making in critical moments. Managing fatigue and ensuring pilots remain alert and
aware during flights is thus essential to maintaining high levels of safety in aviation operations.

Advances in human-computer interaction (HCI) within cockpit environments also play a significant
role in maintaining situational awareness. Zhang et al. (2021) explored multi-agent modeling and situational
awareness analysis in aviation cockpits, showing that the interface design between pilots and automated
systems has a direct impact on their ability to maintain situational awareness. Effective design of cockpit
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systems, which limits cognitive overload and streamlines access to critical information, is crucial for
enhancing pilot performance and safety.

Despite the substantial body of research emphasizing the importance of situational awareness, there
remains a need to develop innovative training methods that better equip pilots to manage cognitive load
while enhancing their ability to maintain situational awareness (Lopes et al., 2024). Munir et al. (2022) discuss
the challenges and prospects of improving situational awareness through advanced technologies, but these
solutions must be effectively integrated into training programs to optimize their benefits.

2.4. Gamification in Training

Gamification has emerged as an innovative tool for enhancing training programs across various high-
risk industries, including aviation. By incorporating game-like elements into learning environments,
gamification has shown its ability to reduce cognitive load and improve learning outcomes, particularly in
complex fields where situational awareness and decision-making are critical (Wang & Hung, 2024). Cognitive
load theory posits that learners are more effective when their cognitive resources are directed towards
essential tasks rather than being overwhelmed by extraneous or overly complex information. Gamification
plays a significant role in balancing this cognitive load by making training more interactive, engaging, and
efficient.

One key way that gamification reduces cognitive load is by creating an immersive environment where
learners can engage in repetitive tasks without experiencing cognitive fatigue. In aviation training, for
example, gamified simulators enable pilots to practice complex decision-making in high-pressure scenarios
in a controlled, interactive setting. These environments allow pilots to develop mental models (schemas)
gradually, optimizing germane cognitive load and reducing the risk of extraneous overload (Munir et al.,
2022). This balance is crucial in aviation, where maintaining situational awareness is vital for safety and
operational efficiency.

Wang and Hung (2024) demonstrate that gamification not only improves the efficiency of flight
training but also helps trainees retain critical information by embedding knowledge in an interactive context.
Their study highlights how gamification reduces the mental strain that comes with traditional, lecture-based
learning, instead providing an engaging way for pilots to learn and apply aviation knowledge. In a similar vein,
Dapica et al. (2022) explore the gamification of flight instructor learning, where the use of evidence-based
training scenarios improves both instructor performance and learning outcomes. By gamifying the learning
process, flight instructors can experience realistic simulations, fostering the necessary skills for real-world
operations while managing cognitive load effectively.

Gamification is also increasingly used to address emotional and psychological factors in training, such
as reducing stress and fatigue, which are known to impair situational awareness (Bendak & Rashid, 2020).
Shen et al. (2019) explored the gamification of in-flight entertainment systems as a way to motivate
relaxation among passengers and crew. Though the focus was on entertainment, the study highlights the
potential of gamified systems to reduce stress levels, thereby indirectly supporting cognitive performance
and situational awareness during flights.

In addition to reducing cognitive load, gamification also provides measurable improvements in
learning outcomes. Trujillo-Espinoza et al. (2021) found that virtual reality environments enhanced by
gamification helped drone pilots, including children, develop their skills in a highly immersive, engaging
manner. The gamified approach allowed learners to experiment with flight mechanics in a safe environment,
receiving immediate feedback that promoted faster learning and improved decision-making under pressure.
These findings underscore the versatility of gamification in training both novice and experienced pilots,
contributing to better overall performance.

Chittaro and Buttussi (2019) also explored the use of arcade game elements to change attitudes and
behavior in the aviation safety domain. Their study highlighted how gamification can promote attitude
change towards safety procedures, increasing engagement with safety protocols and reducing human error
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during flight operations. By making safety training more interactive and enjoyable, gamification helps
learners internalize essential practices while reducing cognitive stress associated with monotonous or
tedious learning methods.

In conclusion, the role of gamification in aviation training is pivotal in reducing cognitive load and
improving situational awareness. Through interactive and engaging simulations, gamification allows learners
to practice complex decision-making and multitasking in a controlled environment. The case studies
mentioned above demonstrate how gamified approaches can enhance learning outcomes, improve long-
term retention of critical skills, and support cognitive performance in high-pressure situations. As aviation
training continues to evolve, gamification offers a powerful tool for optimizing cognitive resources and
enhancing the overall effectiveness of training programs in the industry.

2.5. Gaps in Existing Literature

While there is significant recognition of the importance of cognitive load and situational awareness
in aviation, several gaps remain in the current body of research: Although gamification has been widely
recognized as an effective tool for enhancing engagement and improving learning outcomes in high-risk
industries, there is limited research that combines gamification with cognitive load theory specifically in the
context of aviation training. Gamification techniques, such as simulations and game-based learning, can help
manage cognitive load by breaking down complex tasks into manageable components, yet how these
approaches can be systematically integrated with CLT to enhance situational awareness in aviation remains
underexplored (Munir et al., 2022). Further research is needed to investigate how these two concepts can
be combined to improve the cognitive performance of pilots during training, particularly in high-pressure
scenarios that require real-time decision-making.

HR strategies are essential for designing and implementing aviation training programs that effectively
manage cognitive load and enhance situational awareness. However, there is a gap in the literature regarding
the role of HR in integrating ognitive Load Theory into aviation training. Most research has focused on
operational and technical aspects of training, while less attention has been given to how HR can strategically
design programs that balance cognitive load and optimize learning outcomes (Nguyen et al., 2019). HR
professionals have the potential to influence the structure of training programs by introducing gamified
learning modules, cognitive assessments, and tailored interventions that directly address the cognitive
challenges faced by pilots. Future studies should explore best practices for HR-driven training that leverages
CLT principles to create more effective learning environments.

3. Methodology

3.1. Research Design

This study employs a qualitative research design to explore how HR strategies can integrate
gamification into situational awareness training within the aviation industry. By focusing on the insights of
aviation professionals, HR specialists, and cognitive psychologists, this research aims to uncover the most
effective methods for enhancing situational awareness and managing cognitive load during training. The
qualitative approach is well-suited for this research as it allows for in-depth exploration of subjective
experiences and strategies that are not easily captured by quantitative methods.

3.2. Data Collection

This study involved 15 experts, including HR professionals, aviation trainers, pilots, and cognitive
psychologists, selected to provide diverse perspectives on integrating gamification into aviation training and
managing cognitive load. A purposive sampling approach was employed to ensure representation from
professionals with expertise in training, cognitive load management, and aviation operations. Semi-
structured interviews were conducted between September 1 and November 15, 2024, with each session
lasting approximately 30 minutes. The interviews were audio-recorded with participants’ informed
consent to ensure accuracy and reliability in data collection. This qualitative approach facilitated in-depth
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exploration, allowing experts to elaborate on real-world applications of gamification and cognitive load
management in aviation training. The interview questions were carefully designed using key theoretical

frameworks to ensure alighment with the study's objectives:

e Cognitive Load Theory (CLT) (Sweller & Chandler, 1991): Focused on managing intrinsic, extraneous,

and germane cognitive load in aviation training.

e Human Resource Management (HRM) in Aviation (Harvey & Turnbull, 2020): Addressed HR’s role in
optimizing training programs.

e Gamification Principles in Training (Wang & Hung, 2024): Explored the impact of interactive and

game-based learning on situational awareness.

To strengthen the link between theory and practice, the interviews covered the following topics with
example questions illustrating their theoretical basis. Table 1 illustrates topics, related theories, and example

questions.

Table 1. Theoretical Framework and Interview Questions

Topic Theory

Example Question

HR’s Role in Crew
Resource Management
(CRM) Training 2020).
Gamification in Aviation
Training

Managing Cognitive
Load in High-Stress

Scenarios

performance.
Impact of Emerging Digital training tools, such as VR and Al,
Technologies on enhance cognitive processing in training
Aviation Training environments (Miao et al., 2022).

Human resource management in aviation
ensures effective training strategies for
safety and efficiency (Harvey & Turnbull,

Gamification enhances learning
engagement and reduces cognitive
overload (Wang & Hung, 2024).

Cognitive load theory (Sweller & Chandler,
1991) explains how instructional design
can optimize mental effort and

How does HR contribute to the design and
implementation of CRM training programs to
enhance situational awareness and teamwork?

What gamification techniques have been most
effective in improving engagement and
situational awareness in aviation training?

What strategies do you use to balance cognitive
load in training while maintaining decision-
making efficiency under pressure?

How do new technologies, such as virtual reality
(VR) and artificial intelligence (Al), influence the
effectiveness of aviation training programs?

To supplement the interviews, secondary data—including aviation training manuals, industry
reports, and regulatory guidelines—were reviewed. This triangulation of sources ensured that expert
opinions aligned with industry best practices and regulatory frameworks. Table 2 summarizes the
participants' backgrounds, highlighting their roles, expertise, and years of experience in aviation training and

cognitive load management.

Table 2. Information about Participants

P:r:i:\iz::\t Position Years of Experience
1 HR Manager 10
2 Aviation Psychologist 12
3 Pilot (Captain) 20
4 Cognitive Psychologist 8
5 Flight Instructor 16
6 HR Director 18
7 Aviation Safety Officer 13

166
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Table 2. Information about Participants (Continue)

P:::::E::t Position Years of Experience
8 Crew Resource Management Expert 10
9 Pilot (First Officer) 9
10 Cabin Crew Manager 14
11 Aviation Consultant 19
12 HR Specialist 6
13 Training and Development Specialist 12
14 Simulation-Based Training Expert 11
15 CRM Instructor 15

3.3. Data Analysis

The data analysis followed a thematic approach to identify key patterns and themes related to the
integration of gamification in situational awareness training and cognitive load management. Thematic
analysis was chosen for its flexibility and suitability for analyzing qualitative data, allowing the researcher to
capture the depth and nuances in the participants' responses.

To facilitate the organization, coding, and analysis of the interview data, NVivo software was used.
NVivo is a powerful tool for managing large amounts of qualitative data, enabling researchers to structure
and systematically analyze complex datasets. According to Woolf and Silver (2017), NVivo enhances the rigor
of qualitative research by supporting multi-level data organization and coding processes. The five-level QDA®
method, as outlined by Woolf and Silver, was applied to guide the coding and thematic analysis.

The following steps were taken during the data analysis process:

e Transcripts of the interviews were carefully reviewed to become familiar with the data and identify
initial patterns. This process allowed the researcher to immerse in the data and gain a deeper
understanding of the participants’ perspectives (Leech & Onwuegbuzie, 2011).

e Using NVivo, the transcripts were systematically coded. Each code represented a concept, theme, or
subtheme related to the research questions. The coding process was iterative, with codes being
refined and adjusted as new insights emerged from the data. Mortelmans (2019) emphasizes the
value of NVivo in maintaining a structured yet flexible approach to coding, allowing researchers to
revisit and refine codes as the analysis progresses.

e After coding, the data was analyzed to identify recurring themes and subthemes. NVivo’s tools for
identifying patterns and relationships across data points were particularly useful in this stage, helping
to group related codes under broader themes such as “gamification strategies,” “cognitive load
management,” and “HR roles in training.” According to Robins and Eisen (2017), NVivo’s capacity to
handle large datasets and perform complex queries makes it ideal for identifying thematic structures
in qualitative research.

e The emerging themes were then compared with the principles of cognitive load theory to assess how
HR strategies and gamification techniques align with theoretical frameworks related to learning and
cognitive management. This comparison helped validate the practical implications of the findings
within an established cognitive framework.

e Finally, the themes were reviewed to ensure they accurately represented the data. Redundant or
overlapping themes were consolidated, and subthemes were further developed to reflect the
nuances in participants’ responses. NVivo’s query functions allowed for a more in-depth exploration
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of the relationships between themes and subthemes, ensuring that all relevant insights were
captured in the analysis.

3.4. Ethical Considerations

Ethical guidelines were strictly adhered to throughout the research process. Approval for the study
was obtained from the Ethical Committee of Nisantasi University, with the approval granted on 21.11.2024,
under document number 20241121-056. Participants were provided with detailed information about the
study's purpose and scope, and informed consent was obtained before conducting the interviews.
Confidentiality was maintained by anonymizing the participants' identities, and all data was securely stored
in compliance with institutional ethical standards. Additionally, measures were implemented to ensure
unbiased data analysis and reporting, with the researcher's role being carefully monitored to avoid subjective
interpretation of the findings.

4. Findings

The thematic analysis of the interviews conducted with 15 aviation experts, including HR
professionals, trainers, pilots, and cognitive psychologists, yielded insightful results on HR strategies for
reducing cognitive load, the use of gamification techniques to improve situational awareness, and the
integration of cognitive load theory in training programs. Table 3 presents the themes identified from the
thematic qualitative analysis regarding the role of human resource management in crew resource
management training. The findings highlight HRM’s central role in designing and improving CRM training
programs, facilitating cross-departmental collaboration, integrating structured feedback mechanisms
through post-flight debriefings, and ensuring that safety protocols align with operational practices.

Table 3. Role of HRM in CRM

Subthemes Codes Frequencies Example Quote
HRM as central to CRM Tralrylng design, HR p!ays a centra?l role in supporting CRM by
. continuous 15 organizing the training programs that focus on
training and feedback . S
improvement collaboration." (P14)

HRM facilitating cross-
departmental
collaboration

Collaborative training, "HR fosters collaboration between departments,
alignment which enhances CRM effectiveness." (P13)

"HR ensures that the lessons from debriefs are
6 incorporated into training, which improves CRM
over time." (P9)

HR involvement in post-  Continuous evaluation,
flight debriefing feedback loops

Strategic integration of Safety-first approach, "HR ensures safety protocols are integrated into
safety protocols operational consistency CRM to foster a safety-first culture." (P15)

Table 4 outlines the themes emerging from the thematic qualitative analysis on strategies for
enhancing situational awareness and decision-making in aviation training. The results indicate that scenario-
based training, post-flight debriefing sessions, and real-time practice are key methods for improving pilots’
ability to assess and respond to dynamic flight conditions.
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Table 4. Enhancing Situational Awareness and Decision-Making

Subthemes Codes Frequencies Example Quote

"The most effective strategy has been the use of
12 realistic, scenario-based training that enhances
situational awareness." (P12)

Simulations, decision-

Scenario-based training .
making under pressure

"Debriefing sessions after each flight have

Post-flight debriefin Reflective learning, s . - . .
. 8 8 & 10 significantly improved our decision-making skills."
sessions feedback
(P9)
Improving situational . - "Real-time practice has improved situational
Cognitive training,
awareness through real- 7 awareness because we are constantly exposed to

continuous monitoring

time practice new situations." (P8)

Table 5 presents the themes derived from the thematic qualitative analysis on the integration of
gamification and simulation-based training in CRM. The results reveal that gamified elements, including
challenges, rewards, and real-time feedback, enhance engagement and learning retention. Additionally,
leveraging virtual reality and augmented reality technologies was found to create immersive training
environments that facilitate hands-on learning.

Table 5. Gamification and Simulation-Based Training

Subthemes Codes Frequencies Example Quote
Engaging crew members Challenges, rewards “Introducing gamified elements like

16agIng crew ges, ’ 7 leaderboards and rewards could make CRM
with gamification competitive tasks

training more engaging." (P5)

"Real-time feedback during simulations helps
6 crew members stay focused and improves

Enhancing learning

. Real-time feedback,
outcomes through real-time

engagement .
feedback £3g learning." (P10)
. Immersive "VR-based simulations provide a more realistic
Leveraging VR and AR for . . . .
. . .. environments, hands-on 5 and engaging learning experience for CRM
immersive training . LT
learning training." (P14)

Table 6 illustrates the themes identified regarding the impact of emerging technologies on CRM
training. The findings suggest that artificial intelligence (Al) and automation play a dual role by reducing
workload while also posing risks to situational awareness if not balanced with human oversight. Furthermore,
the integration of digital tools for real-time performance tracking and data-driven training has been
highlighted as a transformative factor in optimizing CRM training effectiveness.

Table 6. Impact of Emerging Technologies

Subthemes Codes Frequencies Example Quote
Lo . . "Automation reduces workload but can lead to
Al and automation in Automation reliance, . . .
N . 10 reduced situational awareness if not managed
aviation human oversight "
properly." (P8)
L . "Digital tools allow us to track real-time
Digital tools for Real-time feedback, & . .
. . . 6 performance and adjust training based on crew
performance tracking data-driven training

needs." (P11)

"With the rise of Al, there’s a growing focus on
8 ensuring human elements like communication are
still central." (P13)

Adoption of new tech and Balancing automation,
balancing human elements human interaction
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Table 7 summarizes the themes related to the challenges of adapting CRM training. The results
indicate that rapid technological advancements require continuous updates to training content, while
generational differences in technological adoption present barriers to standardizing CRM methodologies.
Additionally, ensuring training consistency across different sectors and effectively integrating behavioral
feedback into technology-driven training remain significant challenges.

Table 7. Challenges in CRM Training Adaptation

Subthemes Codes Frequencies Example Quote

Keeping training up-to-date Technological updates, The biggest challenge is ensuring training

with technolo ersonalized support 11 reflects rapid technological changes while
&Y P PP maintaining core CRM principles." (P6)
Addressing generational . "Older crew members often need additional
. - . Varying tech comfort . S
differences in technological levels 7 support when it comes to new technologies.
adoption (P8)
. . Adaptation across "CRM adaptation is harder in sectors where crew
Training consistency across . . . .
. sectors, scalability 6 members vary in technical expertise and
different sectors . : "
issues operational context." (P12)
Integrating behavioral "Behavioral feedback integrated with digital CRM
. Feedback tools, . . .
feedback into technology- 5 tools helps align training with real-world

adapting to digital CRM

driven training performance." (P14)

Table 8 presents the themes regarding the essential competencies in CRM training. The results
emphasize that developing communication and leadership skills, improving decision-making under pressure,
fostering teamwork and conflict resolution, and building resilience are critical for effective crew
performance.

Table 8. Key Competencies in CRM

Subthemes Codes Frequencies Example Quote

"Communication and leadership are critical;
13 CRM must focus on these competencies to
prepare crew members." (P9)

Developing communication Team communication,
and leadership skills leadership development

Decision-making and

Stress management, "Decision-making in high-pressure situations is a

situational awareness under .. . . 9 . -
decision-making skills key focus during training." (P7)
pressure
o . "Teamwork and conflict resolution are just as
Cultivating teamwork and  Teamwork, resolving . . S S
. . . 6 important as technical skills in CRM training.
conflict resolution disagreements
(P15)
Building resilience and . . "Resilience training has become a key focus in
I Coping with stress,
adaptability in crew . 5 our CRM program to help crew members adapt
adaptability . . "
members to unexpected situations." (P11)

A key mechanism for reducing extraneous cognitive load is post-flight debriefing sessions, which
allow crew members to discuss cognitive challenges, refine decision-making processes, and improve
situational awareness strategies. As Participant 7 noted, "The debriefing sessions after each flight have
significantly improved our decision-making skills," reinforcing the idea that HR-led continuous feedback loops
are crucial for optimizing learning retention and operational performance. Beyond structured debriefing, the
findings revealed that HR is actively incorporating gamification techniques into CRM training to further
enhance engagement and cognitive efficiency. Gamified elements such as simulation-based challenges, real-
time feedback loops, and leaderboard systems were highlighted as effective methods for keeping crew
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members focused and motivated. Participant 5 noted that "Introducing gamified elements like leaderboards
and rewards could make CRM training more engaging," suggesting that gamification helps optimize germane
cognitive load by making learning more interactive and rewarding.

An emerging theme from the interviews was the importance of instructor qualifications and
technological readiness for delivering effective gamification and simulation-based training. Several
participants stressed that HRM must ensure that trainers possess specialized expertise in both aviation
operations and digital training methodologies. Participant 6 emphasized that "Instructors need more than
aviation knowledge—they must also understand how to use gamification techniques effectively," pointing to
the need for additional instructor certification programs focused on interactive learning design and
simulation-based education. Additionally, proper training environments and technological infrastructure
were seen as critical factors influencing the success of gamification-based training programs. Several experts
highlighted that HR’s ability to secure advanced simulation technologies, virtual reality platforms, and
adaptive Al-driven training tools significantly impacts the effectiveness of CRM education. Participant 8
observed that "Without access to high-fidelity simulations, gamified training will not provide the intended
cognitive benefits," underlining the importance of investment in immersive training technologies.

The findings also emphasize that successful implementation of gamified training programs requires
broader support from aviation organizations, regulators, and corporate leadership. HR professionals
acknowledged three key barriers to implementing gamification in aviation training:

1. The high costs associated with VR-based simulation systems and gamified learning platforms were
frequently cited as a challenge for HR departments. Participant 12 noted that "Convincing senior
management to invest in gamification requires clear evidence of its benefits on training outcomes,"
suggesting that stronger ROl metrics and industry case studies are needed to justify long-term
investments.

2. Many participants emphasized that international aviation authorities (e.g., ICAO, EASA, FAA) must
establish standardized guidelines for integrating gamification and simulation-based training into
official pilot training programs. Participant 4 stated, "We need clear regulations that acknowledge
gamification as a legitimate training tool," underscoring the importance of industry-wide policy
development.

3. Furthermore, the transition to gamified training requires a shift in corporate training culture,
particularly in legacy aviation organizations that rely on traditional classroom instruction. Participant
10 highlighted that "Many senior trainers are hesitant to adopt gamification, fearing it may trivialize
serious training topics," indicating a need for structured change management strategies to facilitate
adoption.

Many participants confirmed that HR actively applies cognitive load theory principles to optimize
aviation training programs. As Participant 11 explained, "HR ensures that CRM training maintains a balance
between technical skills and cognitive demands," demonstrating HR's role in reducing unnecessary cognitive
overload while maximizing learning opportunities.

Continuous evaluation and feedback mechanisms were also identified as crucial for maintaining this
balance. The regular use of post-flight debriefing sessions, as highlighted by multiple participants, allows crew
members to reflect on cognitive performance, receive targeted feedback, and improve situational awareness
strategies over time. Furthermore, HR's application of CLT-driven instructional design ensures that
simulations are structured in a way that optimally distributes cognitive demands, preventing mental overload
while still challenging crew members to refine decision-making skills in high-stakes environments.

While the use of gamification and cognitive load theory presents many benefits, participants
identified several challenges in implementing these strategies. One significant challenge is the varying levels
of technological proficiency among crew members, as highlighted by Participant 8: "Older crew members
often need additional support when it comes to new technologies." This suggests that HR needs to provide
personalized support to different groups, ensuring that no crew member is left behind due to technological
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limitations. Despite these challenges, there are substantial opportunities for HR to enhance training
efficiency through gamification and cognitive load management. Participant 12 noted, "The integration of
VR-based simulations has opened new possibilities for immersive training," suggesting that advanced
technologies can significantly improve both situational awareness and cognitive load management. By
continuing to refine gamification strategies and aligning training with cognitive load theory principles, HR
departments can improve both the effectiveness and efficiency of CRM training programs in aviation.

Figure 1 illustrates the relationships between the identified themes and subthemes in the thematic
analysis of your interviews. It visually represents how different themes are interconnected, particularly how
HR's strategies influence situational awareness, training methods, emerging technologies, and key
competencies in CRM. The diagram also highlights key relationships, such as the use of gamification in

enhancing learning outcomes and HR’s role in managing cognitive load through technological advancements.

Figure 1. Thematic Relationships in CRM and HRM Analysis
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The abbreviations in the diagram represent key concepts in CRM and HRM. “CRM Comp.” stands

for key competencies in CRM, highlighting the essential skills needed in the field. “CRM Train. Chal.” refers
to challenges in CRM training adaptation, addressing obstacles in training methodologies. “Emerg.
Tech.” represents impact of emerging technologies, focusing on technological advancements in CRM. “Game
& Sim.” is short for gamification and simulation-based training, emphasizing modern training techniques. “SA
& DM” stands for enhancing situational awareness and decision-making, which is crucial for effective
resource management. Lastly, “HRM Role” refers to the role of HRM in CRM, exploring the influence of

human resource strategies on CRM effectiveness. These abbreviations ensure readability while maintaining
the conceptual clarity of the thematic relationships.

The thematic analysis reveals intricate relationships between HR strategies, situational awareness,
the use of gamification, and the integration of emerging technologies within CRM training. HR's pivotal role
in shaping CRM training is evident, as it facilitates the design and continuous improvement of training
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programs. The analysis highlights how HR fosters collaboration across departments and ensures that
feedback loops are in place to support reflective learning and continuous development. This is particularly
relevant in post-flight debriefing sessions, where HR enables crew members to assess their decision-making
processes, thereby reducing cognitive load by offering opportunities for reflection and improvement.

The enhancement of situational awareness and decision-making through scenario-based training is
a key focus. Realistic simulations and real-time practice expose crew members to high-pressure situations,
helping them manage cognitive load effectively. This relationship between situational awareness and
cognitive load is strengthened by HR's role in post-flight debriefing, which allows crew members to engage
in reflective learning and make improvements in future scenarios. These strategies align well with cognitive
load theory, as they balance the intrinsic load of training tasks with the need to avoid overwhelming crew
members.

Emerging technologies, particularly Al and automation, also play a significant role in CRM training.
While automation can reduce workload and cognitive load, it poses challenges in maintaining situational
awareness, especially when human oversight is diminished. HR must carefully balance the integration of
these technologies with the preservation of essential human elements, such as communication and decision-
making. The introduction of digital tools for performance tracking and real-time feedback further enhances
the efficiency of CRM training, offering data-driven insights that can be tailored to meet the specific needs
of crew members. The analysis also highlights the challenges posed by technological advancements,
particularly in adapting training programs to accommodate varying levels of technological proficiency across
different generations of crew members. HR faces the task of ensuring that training programs are consistently
updated to reflect technological changes while offering personalized support to those who may struggle with
new systems. Furthermore, the need for consistency across different sectors presents a challenge, as CRM
training must be adaptable to various operational contexts.

Gamification emerges as an innovative strategy for engaging crew members and improving learning
outcomes. The incorporation of real-time feedback during simulations helps maintain focus and enhances
germane cognitive load, fostering better learning and retention. Virtual reality and augmented reality
simulations create immersive environments that provide hands-on learning experiences, which are
particularly effective in developing situational awareness and decision-making under pressure. HR’s role in
implementing these technologies ensures that CRM training remains both engaging and effective. Finally, the
development of key competencies, such as leadership, communication, and teamwork, is central to effective
CRM training. HR plays a crucial role in embedding these soft skills into training programs, ensuring that crew
members are not only technically proficient but also capable of working collaboratively in high-stress
environments. The emphasis on leadership and stress management underlines the importance of these
competencies in maintaining safety and operational efficiency in aviation.

In conclusion, the thematic analysis underscores the complex interconnections between HR
strategies, emerging technologies, cognitive load management, and CRM training. HR’s involvement is
essential in ensuring that CRM training is adaptive, innovative, and responsive to both technological
advancements and the human factors that remain central to aviation safety. The integration of new
technologies, the use of gamification, and the continuous development of soft skills all contribute to the
effectiveness of CRM programs, highlighting HR’s strategic role in shaping the future of aviation training.

5. Discussion

The findings of this study provide new insights into how Human Resource Management (HRM) can
leverage gamification to enhance aviation training, particularly in managing cognitive load and situational
awareness. While previous research has recognized the importance of structured training programs (Wang
et al., 2021; Woolf & Silver, 2017), this study expands on these discussions by demonstrating
how gamification techniques, such as real-time feedback, immersive simulations, and competitive learning
elements, can be strategically implemented within HR-led training programs to optimize learning outcomes.

One of the key contributions of this study is its exploration of how gamification influences cognitive
engagement in crew resource management training. Findings indicate that HRM plays a crucial role in
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ensuring that training programs do not solely rely on automation and digital tools but instead incorporate
interactive elements that maintain active cognitive participation. While Nguyen et al. (2019) warn about the
risks of over-reliance on automation reducing situational awareness, this study highlights how HR-led
gamified training programs can counterbalance this risk by reinforcing cognitive engagement through
simulations and dynamic learning techniques. Participant insights confirmed that while automation reduces
workload, it does not necessarily improve decision-making skills, underscoring the importance of structured,
human-centered learning approaches facilitated by HR.

Another major finding is the effectiveness of gamified simulations in managing cognitive load.
Previous research (Mortelmans, 2019) has shown that real-time feedback and competitive tasks improve
engagement in high-stakes training environments. This study builds upon these findings by showing
that leaderboards, real-time rewards, and scenario-based training create an environment where pilots and
crew members develop situational awareness in a controlled but highly interactive setting. Participants
emphasized that these engagement-driven methods lead to deeper cognitive processing and faster decision-
making in crisis situations, which aligns with the arguments of Leech and Onwuegbuzie (2011)
that gamification fosters deeper cognitive engagement.

The study findings indicate that executive support is critical for the institutional adoption of
gamification and simulation-based training programs. Participants emphasized that for these training
methods to be developed and effectively implemented, companies and international aviation authorities
must provide financial and infrastructural support. In particular, it was noted that while the initial investment
costs of these systems are high and may limit feasibility for some airlines, the long-term benefits—especially
in terms of pilot performance and operational safety—outweigh the financial burden. Aviation organizations
and regulatory bodies should establish specific certifications and guidelines to standardize the integration of
these innovative training systems. Furthermore, participants stressed that greater investment is needed in
raising awareness and improving training processes, particularly in effectively communicating the advantages
of gamification to upper management compared to traditional training models.

Beyond training methodology, this study also presents practical applications for HR in integrating
gamification into aviation training programs. Several tools and strategies were identified as directly beneficial
for aviation companies, including:

e Traditional simulators replicate high-risk scenarios, but gamified features such as real-time feedback
loops, interactive challenges, and scoring systems enhance learning effectiveness. These elements
ensure that situational awareness is consistently reinforced in a high-pressure but controlled training
environment (eVULX, 2022).

e Virtual reality (VR) and augmented reality (AR) training modules provide realistic, risk-free training
scenarios that allow crew members to develop situational awareness and practice emergency
responses. Research from the Academy of Interactive Entertainment (AIE, 2018) supports the idea
that VR-based training enables pilots to simulate crisis scenarios dynamically, further
reinforcing cognitive load management and decision-making skills.

¢ Interactive tools, such as Airman Challenge, used by the U.S. Air Force, offer scenario-based decision-
making exercises where crew members practice crisis response strategies in real time (HR Trend
Institute, 2023). Such methods could be adapted for aviation training to enhance cognitive flexibility
and preparedness.

e HR can integrate gamified tracking tools into training programs to provide instant feedback on
decision-making, situational awareness, and task performance. This study found that HR
professionals recognize the value of immediate feedback in helping trainees adjust behaviors and
improve retention, particularly in high-stress learning environments.

A particularly relevant challenge identified in this study is technological adoption among older crew
members, who may struggle with digital training methods. Gamified learning environments, when properly
designed by HRM, offer an adaptable and personalized approach that allows crew members to engage with
training at their own pace, helping them gradually build familiarity with emerging digital tools. Addressing
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this challenge is crucial for ensuring that aviation training programs remain inclusive and effective across
generational differences.

Several areas for further research emerge from this study. First, while this study focuses on cognitive
load management and gamification in CRM training, future studies could examine how these strategies apply
to other aviation roles, such as ground operations personnel and air traffic controllers. This would help
determine the broader applicability of gamification across different aviation sectors.Second, personalized
training strategies could be further explored to assess the impact of adaptive learning systems. Future
research could examine differentiated training programs that adjust difficulty levels based on trainees’
progress, particularly in cognitive load-intensive training environments. Testing the effectiveness of adaptive
gamification in reducing training fatigue while enhancing decision-making in high-stakes aviation roles would
provide valuable insights. Additionally, while this study confirms the benefits of gamification in managing
intrinsic and germane cognitive load, further research is needed to assess its long-term effects on pilot
performance. Future studies could investigate the correlation between gamified training experiences and
real-world flight performance, including how pilots trained through interactive simulations handle high-
pressure situations in actual flight operations. Finally, with artificial intelligence and virtual reality becoming
increasingly integrated into aviation training, future research should explore how Al-driven adaptive learning
models can be combined with cognitive load theory to further enhance training effectiveness. Investigating
whether Al-based VR simulations can improve long-term retention and situational awareness in aviation
professionals would provide deeper insights into the next evolution of HR-led training methodologies.

This study offers a new perspective on how HR strategies in aviation can be redefined through
gamification, particularly in reducing cognitive overload and enhancing situational awareness. By moving
beyond traditional training methods, HR can leverage interactive learning techniques, real-time performance
tracking, and adaptive feedback systemsto create more engaging, effective, and cognitively optimized
training programs. The findings suggest that HR must take a proactive role in integrating gamification into
aviation training, ensuring that pilots and crew members receive training that is both rigorous and engaging.
The study’s contributions highlight how gamification provides an innovative solution to longstanding
challenges in aviation training, particularly in bridging the gap between automation, human decision-making,
and cognitive efficiency. Moving forward, HR departments in aviation must embrace technology-driven,
data-informed training methods to develop highly skilled aviation professionals capable of maintaining
situational awareness and making rapid, accurate decisions in complex environments.

6. Conclusion

The significance of situational awareness and cognitive load management in aviation has grown
alongside advancements in aviation technology. With the increasing integration of automation, artificial
intelligence (Al), and virtual reality (VR), human resource management (HRM) plays a critical role in ensuring
that crew members remain engaged, make sound decisions, and maintain situational awareness in high-
pressure environments. As this study demonstrates, the adoption of gamification techniques in crew
resource management (CRM) training represents a promising strategy for enhancing situational awareness
while optimizing cognitive load.

In aviation, effective situational awareness is essential for ensuring safety and performance,
especially in scenarios where split-second decisions are required. Given the high-stakes nature of aviation,
the management of cognitive load is equally important to prevent crew members from becoming
overwhelmed during emergencies or complex tasks. By focusing on HR strategies to manage cognitive load
through training, this study addresses a critical gap in aviation training research. The growing use of
gamification techniques and digital tools in CRM training highlights the sector's response to these challenges,
reflecting the latest trends in aviation technology and training methodologies.

The aviation industry is increasingly adopting advanced technologies such as Al, automation, VR, and
augmented reality (AR) to enhance training programs. Gamification, which includes elements such as real-
time feedback, scenario-based challenges, and immersive simulations, is becoming a core component of CRM
training. These tools allow HR departments to create more engaging and effective training environments,
helping crew members to improve situational awareness and decision-making. The inclusion of gamified
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techniques—like simulation games, leaderboards, and feedback loops—ensures that training remains
interactive, motivating, and aligned with cognitive load theory principles.

This study found that HR plays a pivotal role in designing CRM training programs that manage
cognitive load and enhance situational awareness through gamification. Scenario-based training, real-time
feedback, and post-flight debriefs emerged as effective HR strategies for reducing extraneous cognitive load
and reinforcing decision-making skills. Additionally, the study highlighted the importance of personalized
training programs, especially as aviation crews often possess varying levels of technological proficiency.

The integration of gamification techniques, such as VR-based simulations, offers HR departments
new ways to maintain crew engagement and optimize learning outcomes. The findings suggest that these
methods can help reduce cognitive overload, improve real-time decision-making, and promote greater
situational awareness in complex, high-stakes environments.

The implications for the aviation sector and HR training programs are significant. By adopting
gamified simulation tools, HR departments can ensure that crew members are better prepared to manage
cognitive demands during flights. The ability to provide real-time feedback and performance evaluations
enables a more data-driven, adaptive approach to CRM training. Furthermore, as aviation technology
continues to evolve, HR’s role in balancing automation with human oversight becomes even more critical to
maintaining safety standards and operational efficiency.

While this study provides valuable insights, it is not without limitations. First, the sample size of 15
participants, although diverse, may limit the generalizability of the findings, as it does not fully capture the
breadth of experiences across different aviation organizations. Future research could address this by
employing larger sample sizes and incorporating quantitative methods to enhance the reliability of the
results. Second, while this study primarily focused on gamification and cognitive load management in CRM
training, further research is needed to explore the broader applicability of these techniques in other areas of
aviation, such as ground operations or air traffic control. Employing standardized measurement tools, such
as the “gamification attitude scale” and the “situational awareness scale”, in future studies could provide a
more objective evaluation of the effectiveness of gamified training. Lastly, the reliance on qualitative
methods, while useful for capturing in-depth insights, presents a limitation in terms of generalizability. Future
studies could benefit from adopting a mixed-methods approach that integrates both qualitative and
guantitative analyses. By incorporating empirical measurements and assessing long-term performance
outcomes, future research can provide a more comprehensive understanding of how gamification influences
learning effectiveness in aviation training.

In conclusion, the integration of gamification and cognitive load management into CRM training
offers a promising avenue for enhancing aviation safety and crew performance. As HR departments continue
to adopt these innovative tools and technologies, the aviation industry stands to benefit from more engaged,
adaptable, and situationally aware crews, better equipped to handle the complexities of modern aviation.
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