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1. Introduction  

Crucial to the aviation sector, aviation instruction ensures 
pilots, air traffic overseers, maintenance experts, cabin 
personnel, and other aviation specialists gain the essential 
knowledge, abilities, and competencies for secure and 
effective role execution (Jentsch & Curtis, 2017). Various 
national and global authorities, such as the FAA in the United 
States and ICAO internationally, regulate aviation instruction. 

Aviation training programs typically encompass an array of 
subjects like aerodynamics, meteorology, navigation, aircraft 
systems, communication, regulations, and human factors. The 
instructional process generally consists of theoretical and 
hands-on elements, including classroom lessons, simulation-
based instruction, and practical experience in real-world 
scenarios (Lee, 2017). 

In recent times, rapid technological advancements in the 
aviation sector have led to the adoption of novel training 
methods and tools (Risukhin, 2016). These advancements 
have also spurred exploration into innovative pedagogical 
approaches, like game-based learning, to enrich the learning 
experience and enhance training results. Integrating game-
based learning in aviation instruction aims to elevate learner 
involvement, motivation, and retention, making the training 
process more effective and enjoyable for aviation 
professionals (Ponomarenko et al., 2019). 

Innovative instructional techniques hold a pivotal role in the 
aviation sector, as they address the industry's evolving 
demands and challenges. Several factors contribute to the 
importance of innovative training approaches in aviation: 

Technological advancements: Rapid innovation in 
aviation technologies, such as advanced avionics systems, 
automation, and digital communication tools, necessitates 
updated and inventive training techniques to ensure 
professionals can effectively handle, maintain, and manage 
these systems (Risukhin, 2016). 

Safety and efficiency: With a strong emphasis on safety and 
efficiency, aviation can benefit from innovative training 
methods that provide more effective, immersive, and realistic 
training experiences, leading to improved decision-making, 
enhanced situational awareness, and reduced human error. 

Skills retention and transfer: Techniques like simulation-
based training and game-based learning can promote better 
skills retention and transfer by engaging trainees and offering 
immediate performance feedback (Schier et al., 2016). These 
methods facilitate repetitive practice in controlled 
environments, enabling learners to develop and refine their 
skills without risk. 

Addressing workforce challenges: The aviation industry 
faces an aging workforce, skilled professional shortages, and 
high attrition rates. Innovative training methods can help 
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recruit and retain talent by providing more engaging, 
adaptable, and efficient learning experiences while enabling 
accelerated skill development. 

Adaptability and customization: Often leveraging digital 
tools and technologies, innovative training methods can be 
easily adapted and customized to meet specific learner or 
organizational needs (Biggs et al., 2018). This enables tailored 
and personalized training experiences, catering to unique role 
requirements and skill levels within the aviation industry. 

In summary, innovative aviation training methods hold the 

potential to improve training quality and effectiveness, 

resulting in better-equipped professionals, heightened safety 

standards, and increased operational efficiency in the industry. 

 

2. Technological Landscape of Aviation Training 

Tracing back to the early 1900s, post the Wright brothers' 
powered flight accomplishment in 1903, aviation training 
history unfolded. As aviation advanced, the necessity for 
organized training programs arose, and the first flight schools 
were founded to teach and train aspiring pilots (Barata & 
Neves, 2011). Notable events in aviation training history 
encompass World War I's formal flight training programs. 
These programs were vital in training military pilots for 
combat, culminating in the U.S. Army Air Service's creation 
in 1918. Civil aviation training expanded in the interwar 
period, with a growing number of flight schools being 
established to meet increasing commercial pilot demand 
(Jentsch & Curtis, 2017). 

In 1944, the International Civil Aviation Organization 
(ICAO) was formed, aiming to establish global aviation 
training standards and regulations (ICAO, n.d.). The 
organization's efforts in promoting flight training safety and 
uniformity have been instrumental in shaping the aviation 
industry (Mackenzie, 2010; Weber, 2021). Over time, training 
methodologies have evolved from early hands-on instruction 
and trial-and-error learning to more structured and technology-
driven approaches (Barata & Neves, 2011). 

Technology integration in aviation training has grown 
increasingly significant in recent years, providing numerous 
potential advantages for trainers and trainees alike. These 
benefits comprise enhanced training efficiency, improved 
safety, heightened learner engagement, and more effective 
knowledge retention (Rupasinghe et al., 2011). Technology 
incorporation in aviation training appears in various forms, 
such as flight simulators, virtual reality, computer-based 
training, and e-learning platforms, all aiming to improve the 
overall training experience (Kearns et al., 2017). 

Flight simulators, for example, enable trainees to practice 
and refine their skills in a safe and controlled environment, 
without the risks linked to real-world flight situations 
(Nisansala et al., 2015). These simulators can replicate a wide 
array of flight conditions, allowing pilots to gain experience in 
handling various scenarios, such as emergency situations or 
challenging weather conditions, contributing to enhanced 
safety and performance (Dinçer & Demirdöken, 2023). 

Virtual reality (VR) is another technological innovation that 
has entered aviation training, offering immersive and realistic 
training experiences (Biggs et al., 2018). VR-based training 
can help pilots develop their spatial awareness, decision-
making skills, and overall situational awareness, ultimately 
leading to better performance and safety. Current and recent 
experimental training carried out by the US military personnel 
(USAF, 2021) has been providing valuable and pertinent 
insights into the realm of virtual reality training for aviation. 
For example, the Air Force has discovered that experimental 
virtual reality training for fighter pilots yields the best results 

for those who aspire to fly the service's cutting-edge stealth 
aircraft (USAF, 2021). Alaska Airlines is among the latest 
major airlines globally to declare its implementation of virtual 
reality technology for training purposes (VRPILOT, 2022). 
The Managing Director of Flight Operations Training at 
Alaska Airlines elaborates that in the airline's recent training 
environments, pilots typically progress from classroom 
learning to partial simulations, followed by full simulations, 
before eventually transitioning to real aircraft (K5, 2022). 

Moreover, computer-based training and e-learning 
platforms provide flexible and cost-effective solutions for 
aviation training, allowing trainees to access educational 
resources and courses remotely, at their own pace 
(Berendschot et al., 2018). This can lead to improved 
knowledge retention and increased learner engagement, as 
trainees can tailor their learning experience to their individual 
needs and preferences. CBT has also been found to be 
beneficial for training air traffic controllers, as it enables them 
to learn and practice essential skills in a simulated 
environment, without the risks associated with real-world 
scenarios (Hilburn, 2004). In maintenance technician training, 
CBT has been shown to improve knowledge retention and 
reduce the time required for training (Wang, 2011). 

According to Moore, Lehrer, and Telfer's (2001) study, the 
conventional pilot ground education that professionals 
perform in classes is more on a superficial or mechanical stage 
as opposed to a deeper or intrinsic level. Most instructors adopt 
the approach of "teaching to the test" to prepare students for 
exams. Lakowske, Breese, and Callejo (1999) argue that 
computer-based training (CBT) falls short due to the lack of 
comprehensive user interaction needed for in-depth 
exploration of complicated tasks which demand "what-if" 
analysis. They propose a "closed-loop" training system, which 
incorporates feedback from flight operations quality assurance 
programs and visualization systems, as a superior alternative 
to the prevalent "open-loop" system characterized by 
infrequent feedback and insufficient objective data for 
evaluation in pilot education. 

The FAA found that integrating CBT with emerging 
technologies has the potential to significantly reduce pilot 
error accident rates, which reached a staggering 87% that year. 
Consequently, the FAA allowed CBT hours to replace actual 
flight hours, leading to considerable cost savings for pilots and 
offering an official incentive for the development of such 
systems. In research led by John P. Dalton for Forrester, which 
surveyed training managers and knowledge officers from 40 
of the world's 2,500 largest corporations, the general sentiment 
towards computer-based training indicated a strong 
enthusiasm for such opportunities. The business aviation 
sector may potentially achieve savings similar to the $80 
million in travel and lodging expenses that IBM saved in 1999, 
thanks to their worldwide CBT initiatives (Delio, 2000). 

Computer-based training (CBT) in aviation, like any other 
training method, has its drawbacks that need to be considered. 
One disadvantage is the potential for a loss of concentration. 
Without the physical presence of an instructor or the structure 
of a classroom environment, learners may find it challenging 
to maintain focus and easily get distracted by external factors. 
This lack of concentration can hinder the absorption of 
information and impact the effectiveness of the training. 

Another disadvantage is the absence of time criticality in 
CBT. Unlike real-time face-to-face training, where instructors 
can simulate time-sensitive scenarios and provide immediate 
feedback, CBT often lacks the urgency and pressure associated 
with time-critical decision-making. This can result in learners 
not fully grasping the importance of quick thinking and 
decision-making skills required in real aviation situations. 
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Additionally, one of the concerns with CBT is the 
possibility of another person completing the training on behalf 
of the intended learner. Since CBT relies heavily on self-paced 
learning and remote access, there is a risk that someone other 
than the intended learner could complete the training modules 
or assessments. This can lead to a lack of competence and 
proficiency in the actual skills and knowledge required for 
aviation operations. 

In summary, the use of technology in aviation training 
offers numerous potential benefits, including enhanced 
training efficiency, improved safety, increased learner 
engagement, and more effective knowledge retention despite 
some hesitations such as time criticality and a loss of 
concentration. By leveraging these technologies, aviation 
training programs can better prepare pilots for the challenges 
they will face in the field and ultimately contribute to safer and 
more efficient operations. 

This systematic review is a follow-up of other studies 
pursued by the academic community as to how and why 
technology is used in aviation training. Due to the insufficient 
number of systematic reviews in this area and with the rapid 
advance in technology, more research in this area is essential. 
Moreover, it is crucial to analyze research studies to gather the 
most updated synthesized collection of those studies. Since 
technology offers numerous potentials for enhancing aviation 
training, this systematic review is likely to contribute to 
researchers and educators by presenting recent findings of the 
related studies in the field. More specifically, the objective of 
this systematic review is to examine the integration of 
technology in aviation training in terms of study context, aim 
of technology integration, technologies integrated, strategies 
used, and effects on students' performance, and provide 
suggestions for future research directions. Based on this 
objective, the research questions of the study follow as: 

 
1. In which contexts were the studies on the use of 

technology in aviation training conducted? 

2. What are the aims, strategies, and technologies that 
recent studies on the use of technology in aviation 
training include? 

3. How does the use of technology impact aviation 
training compared to traditional training methods? 

4. What are the future directions based on the studies on 
the use of technology in aviation training? 

3. Methodology 

In order to perform an all-encompassing investigation of 
scholarly works regarding the implementation of technology 
within the realm of aviation instruction, a meticulous search 
plan was devised for the purpose of pinpointing pertinent 
research. This exploration was executed across several 
electronic repositories, encompassing Google Scholar, Web of 
Science, Scopus, IEEE Xplore, and ScienceDirect. These 
databases were picked due to their wide-ranging inclusion of 
research papers within the spheres of aviation, technology, and 
education. 

The search tactic utilized a fusion of keywords and phrases 
connected to the research subject. The principal keywords 
deployed in the search encompassed "aviation instruction," 
"technology," "simulation," "virtual reality," "augmented 
reality," "serious games," and "groundbreaking training 
techniques." These keywords were merged using Boolean 
operators (AND, OR) to construct a more inclusive search 
inquiry. As an illustration, the search inquiry could appear as: 
("aviation education" AND "technology") OR ("simulation" 

AND "aviation education") OR ("virtual reality" AND 
"aviation education"). 

The search was confined to articles published between 1994 
and 2023, since this period encapsulates the noteworthy 
advancements in aviation instruction technology. Moreover, 
only articles published in English were deemed suitable for 
incorporation in the study. 

Upon obtaining the initial search results, a two-phase 
screening procedure was applied to guarantee the pertinence 
and caliber of the chosen research. Firstly, the titles and 
abstracts of the retrieved articles were examined to pinpoint 
potentially relevant research. Studies that failed to satisfy the 
inclusion criteria were eliminated at this juncture. 
Subsequently, the full text of the remaining articles was 
evaluated for eligibility, and studies that did not concentrate 
on the employment of technology in aviation instruction or did 
not supply adequate information were excluded. 

In conclusion, the reference lists of the incorporated studies 
were manually inspected to recognize any further pertinent 
articles that might have been overlooked during the initial 
search. This method culminated in a comprehensive 
assemblage of studies that offer insights into the employment 
of technology in aviation instruction. 

 

 
 

Figure 1.  Diagram of the review process 
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4. Findings 
 

Tables 1 and 2 offer a complete summary of the different 
contexts in which technology has been employed in aviation 
instruction, as discovered in the chosen studies (n = 17). The 
bulk of the studies emphasize flight instruction, with four 
studies scrutinizing fixed-wing aircraft training (Gopher et al., 
1994; Reweti et al., 2017; Koglbauer & Braunstingl, 2018; 
Kuindersma, 2019) and three studies focusing on helicopter 
flight training (Johnson & Stewart, 2005; Proctor et al., 2007; 
Mautone et al., 2008). These studies exhibit the significance 
and effectiveness of technology in augmenting pilot training, 
particularly concerning flight simulators. 

Two studies tackle aircrew training (Mautone et al., 2008; 
Kuindersma, 2019), indicating the potential of technology in 
more comprehensive aviation crew training. Aircraft 
maintenance training is also examined in two studies 
(Rupasinghe et al., 2011; Wang et al., 2016), underlining the 
utilization of technology for the advancement of crucial 
technical skills in aircraft maintenance personnel. 
 
Table 1. Reviewed articles 

Aviation English and vocabulary instruction, crucial for 
aviation professionals, are the subjects of two studies (Dinçer 
& Dinçer, 2021; Fursenko et al., 2021). These studies stress 
the employment of technology to bolster language learning 
and communication skills in the aviation industry. In another 
study by Moskalenko & Didenko (2018), it was determined 
that CBT enhances pilots' listening comprehension. 

One study delves into the application of eye-tracking 
technology in commercial aviation (Rudi et al., 2020), 
supplying insights into how this technology can be employed 
to improve training results. 

The utilization of virtual reality for flight training is 
investigated in another study (Fussell & Truong, 2020), 
exhibiting the potential of immersive technologies in aviation 
training. Lastly, one study concentrates on the more extensive 
application of immersive technology in aviation training, 
explicitly in the context of Tunisia (Sabrine, 2022). 

In summary, the chosen studies represent the diverse 
contexts and applications of technology in aviation training, 
demonstrating its potential to support and enhance various 
facets of aviation education and skill development. 

Study Participants Research Design Aims 

Gopher et al. (1994) 58 True-experimental Evaluate the transfer of skills from computer game 

trainers to real-life flight 

 

Johnson & Stewart (2005) 16 Descriptive Assess the utility of PC-based aviation training 

devices for helicopter flight 

 

Raisinghani (2005) 50 Descriptive Investigate distance education opportunities in the 

business aviation industry 

 

Proctor et al. (2007) 45 Quasi-experimental Explore the use of serious aviation gaming for 

helicopter flight training 

 

Mautone et al. (2008) 14 True-experimental Examine the use of serious game technology for 

aircrew training 

 

Rupasinghe (2011) 39 Quasi-experimental Develop a virtual reality training-integrated 

curriculum for aircraft maintenance 

 

Reweti (2014) 7 Action research Pilot proficiency in performing VFR procedures 

 

Wang et al. (2016) 41 Correlational Understand aviation students' perceptions of 

augmented reality maintenance training 

 

Reweti et a. (2017) 93 Quasi-experimental Assess the efficacy of low-cost PC-based aviation 

training devices 

 

Koglbauer (2018) 53 Quasi-experimental Understand aviation students' perceptions of 

augmented reality maintenance training 

 

Moslalenko & Didenko 

(2018) 

76 Quasi-experimental Training pilots’ listening skills 

 

Kuindersma (2019) 64 True-experimental Evaluate game-based learning for preparing airline 

pilots for critical situations 

 

Fussel & Truong (2020) 42 Descriptive Investigate aviation students' intentions to use 

virtual reality for flight training 

 

Rudi et al. (2020) 7 Quasi-experimental Explore the use of eye tracking for commercial 

aviation training purposes 

 

Dinçer & Dinçer (2021) 30 Quasi-experimental Examine the effect of a serious game on aviation 

vocabulary acquisition 

 

Fursenko et al. (2021) 57 True-experimental Integrating Quizlet for aviation vocabulary 

 

Sabrine (2022) 51 Descriptive Investigate the use of immersive technology in 

aviation training 
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Table 2. Context of the studies   

Context Number of Studies 

Flight Training (Fixed-wing aircraft) 4 

Flight Training (Helicopter) 2 

Aircrew Training 2 

Aircraft Maintenance Training 2 

Business Aviation Training 1 

Aviation English Training 3 

Eye-tracking for Commercial 

Aviation 

1 

Virtual Reality in Flight Training 2 

Total 17 

 
5. Discussion 

 
The conclusions drawn from this systematic review 

underscore the increasing significance of technology in 
aviation instruction, as demonstrated by the wide-ranging 
contexts and applications discovered in the chosen studies. The 
incorporation of technology into aviation training has emerged 
as a crucial element in addressing the sector's dynamic 
demands and obstacles, including technological progress, 
safety and efficiency, skills retention and transfer, tackling 
workforce challenges, and personalization and adaptability. 

The bulk of the studies concentrate on flight training, 
accentuating the effectiveness of technology, especially flight 
simulators, in augmenting pilot training (e.g., Gopher et al., 
1994; Johnson & Stewart, 2005; Reweti, 2014; Dinçer & 
Dinçer, 2021). Flight simulators furnish a secure, regulated 
setting for pilots to refine their skills, minimizing the hazards 
linked with real-world flight situations (Nisansala et al., 2015). 
By emulating diverse flight conditions, pilots can gain 
experience in managing various scenarios, such as 
emergencies or unfavorable weather conditions, which 
contributes to improved safety and performance. 

Virtual reality (VR) in aviation training represents another 
area of growing interest, with research demonstrating its 
capacity for immersive and authentic training experiences 
(Biggs et al., 2018). VR-based instruction can assist pilots in 
cultivating spatial awareness, decision-making abilities, and 
comprehensive situational awareness, eventually resulting in 
superior performance and safety (Fussel et al., 2022). The 
adoption of VR in aviation training is an expanding trend, as 
evidenced by major airlines like Alaska Airlines announcing 
the implementation of VR technology for training purposes. 

Furthermore, the review discloses the importance of 
technology in more comprehensive aviation crew training, 
aircraft maintenance instruction, and aviation English and 
vocabulary training (Mautone et al., 2008; Fursenko et al., 
2021). These discoveries emphasize the adaptability of 
technology in aiding various aspects of aviation education and 
skill enhancement. 

In addition, the review brings attention to the potential of 
emerging technologies, such as eye-tracking and immersive 
technology, in improving training results (Rudi et al., 2020). 
These technologies present novel opportunities for aviation 
training providers to create inventive, efficient, and 

captivating training programs that cater to the distinct needs of 
the industry. 

It is crucial for the aviation sector to invest in continuous 
research and development to explore innovative applications 
of technology, as well as to promote collaboration between 
researchers, practitioners, and policymakers. This 
collaboration will help establish best practices and guidelines 
for the successful implementation of technology-enhanced 
training programs, ultimately leading to a better-prepared 
workforce and enhanced safety and operational standards in 
the industry. Additionally, addressing ethical and privacy 
concerns related to data collection, storage, and analysis is 
essential to ensure data protection and responsible use of 
technology in aviation training. By addressing these critical 
issues, the aviation industry can continue to harness the 
potential of technology to elevate the quality and effectiveness 
of training programs.  

6. Future Directions 

Derived from the conclusions of the chosen research and 
the present trends in technology and aviation, numerous 
prospective pathways can be discerned for the amalgamation 
and progression of technology in aviation instruction. These 
trajectories present opportunities for researchers, practitioners, 
and policymakers to further advance the efficacy and 
efficiency of aviation instruction programs. 

Immersive technologies: Virtual reality (VR), augmented 
reality (AR), and mixed reality (MR) are swiftly evolving 
technologies with enormous potential for advancing aviation 
instruction. Upcoming research should probe the incorporation 
of these immersive technologies in diverse facets of aviation 
instruction, including flight emulation, air traffic supervision, 
maintenance, and cabin crew training. This research could 
investigate the impact of immersive technologies on skill 
advancement, knowledge retention, and overall instruction 
efficacy. 

Artificial intelligence and adaptable training systems: The 
advancement of artificial intelligence (AI) offers opportunities 
for crafting personalized and adaptable instruction systems 
tailored to individual learners' necessities. These systems 
could evaluate learners' performance and deliver real-time 
feedback, modifying instruction content and difficulty levels 
accordingly. Upcoming research should delve into the 
potential advantages and challenges of integrating AI-driven 
instruction systems in aviation and discover effective 
strategies for their implementation. 

Incorporation of game-based education: The employment 
of serious games and game-based learning is a promising tactic 
for enhancing learner engagement, motivation, and retention 
in aviation instruction. Future investigations should examine 
the design and development of game-based learning 
applications explicitly for aviation instruction and assess their 
effectiveness in promoting skill advancement and knowledge 
retention. 

Remote and cooperative instruction: Progress in 
communication and networking technologies facilitates 
remote and cooperative training opportunities, which could aid 
in addressing workforce challenges and enhancing the 
accessibility and adaptability of aviation instruction programs. 
Upcoming research should probe the potential of remote 
instruction technologies, like telepresence, and their influence 
on collaboration, communication, and overall instruction 
efficacy. 
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Tackling ethical and privacy concerns: As technology 
persists in playing a larger part in aviation instruction, it is 
crucial to address the ethical and privacy concerns connected 
to data gathering, storage, and analysis. Future research should 
explore methods to guarantee data protection, privacy, and 
ethical considerations while harnessing the potential 
advantages of technology in aviation instruction. 

Formulating best practices and guidelines: To ensure the 
effective and efficient integration of technology in aviation 
instruction, it is vital to establish best practices and guidelines 
for trainers, educators, and policymakers. Future research 
should concentrate on pinpointing the key factors that 
contribute to the successful implementation of technology-
enhanced instruction programs and developing evidence-
based recommendations for their design and delivery. 

By investigating these prospective directions, the aviation 
industry can persist in leveraging the potential of technology 
to enhance the quality and effectiveness of instruction 
programs, ultimately resulting in better-prepared 
professionals, improved safety standards, and increased 
operational efficiency. 

7. Limitations 

This systematic review has some limitations that should be 

acknowledged. First, the search strategy may have missed 

relevant studies that were not indexed in the selected electronic 

databases or that did not use the specific keywords included in 

the search query. Future research could expand the search 

strategy to include additional databases or use alternative 

search terms to identify additional studies. 

Second, the review focuses on studies published in English, 

which may have resulted in the exclusion of relevant research 

published in other languages. Future research could include 

studies published in other languages to provide a more 

comprehensive understanding of the use of technology in 

aviation training globally. 

Third, the review covers a broad range of contexts and 

applications of technology in aviation training, which may 

limit the depth of analysis for specific areas or technologies. 

Future research could focus on specific aspects of technology 

integration in aviation training, such as the use of VR or 

augmented reality, to provide more in-depth insights into their 

effectiveness and potential benefits.  
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