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Abstract: The landscape of the airline industry is significantly changing due to various forces including technological change, 

market changes, and increased pressures for sustainability. This review consolidates academic research between 2010 and 2024 on 

key advancements like self-service technologies, advanced data analytics, electric taxiing systems, blockchain technologies, and 

sociotechnical approaches to artificial intelligence. It examines their combined influence on operational performance, safety, 

passenger experience, capability of the workforce, and environmental performance. Based on peer-reviewed articles, industry 

reviews, and pilot project reports, the review shows the development of technology from a supporting role to a fundamental driver of 

resilience and competitive advantage. It also points out key areas of consumer acceptance, as well as the role of corporate social 
responsibility and regulatory evolution in making these innovations successful. While there are great opportunities for progress, 

ongoing issues exist in system integration, cybersecurity compliance, preparedness of the workforce, and coordination of policies. 

This review highlights these connections with the intention of providing a thorough, yet critical, source for researchers, industry 
stakeholders, and policymakers who are all concerned with managing the aviation industry within a sustainable and human-centric 

future. 
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INTRODUCTION 
Background  
Over the past few decades, emerging technologies, 

changing economic aspects, and increased global 

interaction have significantly reshaped the 

structure and operations of the aviation industry 

(Borenstein, 1992; Pels, 2020). What began with 

deregulation, that remapped airline systems and 

competition, has increasingly transitioned into a 

world where digital ecosystems and data-driven 

approaches touch nearly every aspect of airline 

governance (Borenstein, 1992; National Air and 

Space Museum, 2021; Wongyai, et al., 2024a; 

Barua & Kaiser, 2025; Benneh, 2025). 
 

Airline business models are being transformed 

with the adoption of self-service technologies, 

predictive analytics, electric taxiing solutions, 

blockchain platforms, and artificial intelligence. 

The technological advancements are transforming 

the operations of airlines to make them more 

efficient, controllable, passenger-convenient, and 

sustainable (Moon & Lee, 2022; Wongyai et al., 

2024; Lukic et al., 2019; Efthymiou et al., 2023). 

As such, technology is no longer an enabling tool 

and presently it is a key contributor to resilience, 

sustainability, and competitiveness in the airline 

sector. 
 

Evolution of the Airline Industry  

Deregulating the U.S. airline industry in the late 

1970s also altered the competitive environment of 

the industry and how it is organized. The 1978 

Airline Deregulation Act removed federal controls 

over fares, market entry, and exit, thereby opening 

the industry to competition, expanding service 

markets, and transforming the structure of airline 

networks. Deregulation also was a catalyst for new 

systems of operation such as hub and spoke 

networks, frequent flyer programs, and tiered 

pricing systems (Borenstein 1992; New Myer 

1990; National Air and Space Museum 2021). 
 

Although the hub-and-spoke arrangement has 

improved efficiency of operations and expanded 

the reach of airlines to greater numbers of markets, 

research has yielded conflicting views regarding 

whether it represents the most economically or 

environmentally efficient configuration 

(Borenstein, 1992; Pels, 2020; Rubinstein, 2025)). 

There are advantages to a single hub, such as more 

frequency of flights, and greater efficiencies 

gained from an airline's perspective. But it may 

also result in higher prices for passengers on 

indirect routes and raise issues regarding equity of 

environmental costs (NewMyer, 1990; Presto, 

Gollnick, & Lütjens, 2021). Politicians should 

most thoughtfully weigh the effects of hub 

concentration to promote airlines to move in 

socially and environmentally ethical manners 

(Pels, 2020; A-Clottey, 2025). 
 

Airlines went through these structural changes, but 

at the same time, they incorporated innovations to 

maintain their competitiveness in customer 

service. Self-service technologies (SSTs) were 

originally developed to improve operating 

performance (Moon & Lee, 2022), but they have 

since become a critical strategy to enhance the 
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passenger experience and differentiate the airline 

service in the post-deregulatory environment. 
 

Objectives and Scope of the Review 

This narrative review brings together and reviews 

recent trends and opinions on the impact of 

technology within the airline industry. It considers 

current trends, challenges, and opportunities 

through a lens of advanced technologies such as 

Artificial Intelligence (AI), Edge Computing, 

Blockchain, and self-service technologies. These 

technologies are affecting operations associated 

with the airline industry, such as reservation 

systems, passenger services, ground operations, 

and flight operations, contributing to a new 

generation of air travel that is smarter and more 

efficient (Ratnayake, 2025). 
 

This review aims to: 

 Assess the ways individual technologies 

support efficiency, safety, passenger 

experience, and sustainability in airlines;  

 Identify how technologies can come together 

into a framework that better supports 

advancement in operational systems; 

 Identify major challenges, research gaps, and 

future possibilities. 
 

This review is based on peer-reviewed journals, 

industry-backed papers, pilot implementation and 

reports specific to the technology innovation in 

airline operations and related- allied industries. 

The search libraries included IEEE Xplore, MDPI, 

Sage, Springer Nature Link, Science Direct, Wiley 

Online Library, ACM Digital Library, Emerald 

Insight, SSRN, Google Scholar and to ensure 

coverage of the literature included empirical and 

conceptual research. 
 

A pool of 113 papers was identified using various 

keywords. After screening for relevance, 

duplication, and quality of papers 40 relevant 

papers were filetered down for review. 
 

Although previous systematic reviews and meta-

analyses examined individual technology types, 

for example artificial intelligence, blockchain, or 

self-service systems, this narrative review 

develops a wider view. It combines technological, 

organizational, and sustainability perspectives 

identifying how a digital transformation links and 

integrates together to reform airline operations, 

noting at the same time a sociotechnical interaction 

of technology, workforce expertise, and policy 

adjustment needed to deliver operational resilience 

and sustainability in aviation. 
 

 

METHODOLOGY OF THE REVIEW 
This narrative review is based on a systematic 

search and/or evaluation method, and offers 

transparency and coverage. It integrates findings 

from both current and longstanding studies to 

create a more comprehensive and contemporary 

one. 
 

Search Strategy 

Databases were searched using targeted searches, 

using platforms such as IEEE Xplore, MDPI, 

Sage, Springer Nature Link, ScienceDirect, Wiley 

Online Library, ACM Digital Library, Emerald 

Insight, SSRN, and Google Scholar. Terms were 

also combined and used interchangeably in the 

search, such as ―airline operations,‖ ―reservation 

systems,‖ ―artificial intelligence,‖ ―edge 

computing,‖ ―blockchain,‖ ―self-service 

technologies,‖ ―electric taxiing,‖ and ―digital 

transformation in aviation.‖  
 

The review collected fairly recent articles but also 

sections from older articles deemed to be seminal 

to the topic, linking past with present. The 

reference lists of featured articles were reviewed 

from the previously loaded resources to find 

additional relevant sources, in addition to industry 

reports that featured relevant insights. 
 

Inclusion and Exclusion Criteria 

The review included peer-reviewed articles, 

industry reports, documented pilot 

implementations, and seminal works that explicitly 

addressed technological innovations in airline 

operations or analogous reservation/service 

systems. Exclusion criteria comprised studies 

lacking direct airline application, purely theoretical 

discussions without operational focus, or 

duplicates. 
 

Screening and Selection 

The database search yielded 113 records. 

Following duplicate removals, the relevant, quality 

and foundational was checked, and 40 studies were 

included in the in-depth review. Studies included 

empirical and conceptual studies, together with 

seminal studies that have informed modelling and 

industry perspective, and academic thought on 

technological change in airline operations. 
 

Data Extraction and Thematic Synthesis 

The data from the studies chosen for inclusion 

were documented on a standard matrix, which 

contained publication detail, study design, 

technology area and theory findings. This method 

afforded thematic synthesis of trends, challenges 

and opportunities across various innovations and 
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operational contexts; and also included reference 

to seminal studies to place current advancements 

within a broader temporal and theoretical context. 
 

To ensure historical and conceptual grounding, 

several seminal studies were explicitly included, 

such as: 

 Borenstein (1992), thoroughly covers 

competition in U.S. airlines after deregulation 

and discusses the considerable industry 

characteristic changes that impact the market 

structure of airlines, pricing, and service effort. 

 NewMyer (1990), discusses implications of 

deregulation on airports and airline networks 

and sets international context with 

implications of structural changes and changes 

in competitive behavior.  

 According to the Smithsonian National Air 

and Space Museum (2021), there was mention 

of the Airline Deregulation Act (1978) and its 

possible effects on the airline industry, 

clarifying that deregulating federal fare 

controls enabled competition in the airline 

industry. Competition has also led to 

innovations such as the hub-and-spoke model 

and detailed frequent flyer programs. 

 Meuter et al. (2000) present how self-service 

technology can be considered as a service 

encounter that can contribute to customer 

satisfaction. 

 Moon and Lee (2022) explain how self-service 

technologies impact passenger flow and 

overall assessments, highlighting that they are 

central to the continued digital transformation 

of airline passenger services. 
 

Ultimately, these earlier and recent articles give 

crucial context for reviewing the overarching story 

of technological and organizational changes in 

airline operations, connecting to discussions of 

accompanying regulatory changes to current views 

on digital/technology and customer experience in 

relation to continued success. 
 

This paper adopts certain structured elements of 

systematic reviews such as database searches, 

inclusion and exclusion criteria, and thematic 

synthesis but it remains fundamentally a narrative 

review. A narrative review focuses on 

interpretative integration and conceptual synthesis 

rather than exhaustive coverage or quantitative 

comparison. It differs from systematic or 

PRISMA-based reviews in both structure and 

purpose. Systematic features are incorporated here 

only to enhance transparency, replicability, and 

rigor, while preserving the interpretive nature of 

the narrative approach, consistent with best 

practices for contemporary literature reviews 

(Sukhera, 2022). 
 

THEMATIC REVIEW OF 
TECHNOLOGICAL INNOVATIONS IN 
AIRLINE OPERATIONS 
The literature reviewed suggests there are many 

technological innovations that have altered airline 

operations over the past few decades. The 

inventory of innovations includes customer-centric 

systems (e.g., self-service technologies, biometric 

boarding, and predictive analytics) and front-end 

operating systems (e.g., blockchain reservation 

systems, edge computing architectures, and 

electric taxiing), and flight operations, which 

provide greater efficiency, safety, sustainability, 

and passenger experience, and create new 

challenges related to cybersecurity, 

interoperability, and governance. 
 

To demonstrate these trends, the results of this 

review are organized thematically. In each 

subsection, I draw from the evidence that 

accompanies the studies to synthesize not just 

empirical findings and conceptual information, but 

also identify the most salient trends, challenges, 

and opportunities that emerge for policy makers 

and airlines. 
 

As a concise overview, the following table 

summarizes the major themes, areas of focus, 

results, issues, and opportunities stated in the 

literature reviewed. 

 

Table 1. Key Themes and Insights 

Theme Area Insights Challenges & 

Opportunities 

Key References 

Self-Service 

Technologies 

and Passenger 

Experience 

Automated check-

in, biometric 

boarding, kiosks 

Improves passenger 

movement and 

satisfaction; easy-to-

use and reliable 

systems are essential 

Building user-

friendly, reliable 

systems and 

managing passenger 

feedback 

Wongyai et al. 

(2024), Meuter et 

al. (2000), Moon & 

Lee (2022) 

Digital 

Transformation 

Maintenance, 

scheduling, AI, 

Increases efficiency, 

supports maintenance, 

Workforce 

education, system 

Chinalu et al. 

(2024), Kabashkin 
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and Automation IoT, electric 

taxiing 

saves fuel, and cuts 

emissions 

integration, green 

tech adoption 

et al. (2023), Lukic 

et al. (2019) 

Response to 

COVID-19 and 

Industry 

Innovation 

Health safety 

innovations, 

touchless tech, 

revenue 

management 

Pandemic as 

innovation catalyst; 

reshaped operational 

safety, forecasting, fare 

design 

Sustaining 

innovations post-

pandemic; 

operational 

resilience 

Agrawal (2020), 

Amankwah-Amoah 

(2021), Garrow & 

Lurkin (2021) 

Sustainability 

and 

Environmental 

Challenges 

Emission 

reduction, 

alternative fuels, 

electrification; 

consumer 

acceptance of 

sustainability 

initiatives 

Limited consumer 

willingness; policy 

need for sustainable 

fuels; CSR and triple 

bottom line drive 

customer loyalty 

Addressing social 

and political 

challenges, adopting 

renewable energy, 

and implementing 

sustainability 

strategies that match 

consumer 

expectations 

Lai et al. (2022), 

Lukic et al. (2019), 

Yıldız & Başakcı 

(n.d.), Galhoz et al. 

(2024) 

Blockchain 

Technology in 

Airline Services 

Security, 

transparency, 

booking systems, 

MRO 

Improves security, 

traceability, and 

operational 

transparency; 

blockchain systems are 

emerging; ICAO 

emphasizes 

comprehensive 

cybersecurity 

Cybersecurity risks, 

protocol 

development, multi-

tech integration; 

implementing 

governance and 

capacity-building 

strategies 

Efthymiou et al. 

(2023), Barua & 

Shamim (2024), 

Barua & Kaiser 

(2025), Agaram 

Mangad (2023), 

Mizrak & Akkartal 

(2024), ICAO 

(2025) 

Organizational 

and Strategic 

Considerations 

Innovation 

strategy, 

organizational 

adaptation; 

sociotechnical AI 

frameworks; 

workforce 

transformation 

Tech and customer 

orientations shape 

innovation success; IS 

supports hierarchical 

structures; 

sociotechnical 

frameworks guide AI 

integration; workforce 

competencies evolve 

with digitalization and 

regulatory adaptation 

Aligning strategy 

with tech adoption; 

managing change 

complexity; 

developing skills 

and competencies 

for future aviation 

jobs; adapting safety 

standards amid 

digitalization 

Gatignon & Xuereb 

(1997), Robey 

(1981), Xu & Gao 

(2024), 

Akbarighatar et al. 

(2023), Oosthuizen 

et al. (2019), Abu 

Talib et al. (2025), 

Makarius et al. 

(2020), VIRTUA 

(n.d.) 

Gaps and Future 

Research 

Directions 

AI, blockchain 

integration; socio-

technical 

frameworks 

The field requires 

holistic frameworks 

that connect 

technological 

innovation with 

organizational strategy, 

while research on 

sustainability should 

pay more attention to 

human behavior 

Developing resilient, 

adaptable tech-

human 

collaboration; 

bridging policy, 

consumer, and 

organizational 

perspectives 

Kabashkin et al. 

(2023), Lai et al. 

(2022) 

 

Self-Service Technologies and Passenger 

Experience 

Airline operations felt the global effect of the 

COVID-19 pandemic, with passenger volumes 

declining significantly as nations closed the 

borders, imposed restrictions on travel, and 

propelled health safety (Agrawal, 2020; 

Amankwah-Amoah, 2021; Garrow & Lurkin, 

2021). COVID-19 had a negative effect on many 

airlines and set some on the verge of bankruptcy. 

Airlines have started seeking recovery from 

COVID-19 by striving to develop resilient 

operations and stricter safety standards (Agrawal, 

2020). 
 

Studies in consumer behavior indicate that 

intrinsic motivations (e.g., control and autonomy) 

and extrinsic motivations (e.g., speed, 
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convenience, and efficiency) positively shape 

passengers' experiences of flow and evaluation of 

SSTs, which enhanced their behavioral intentions 

to use them. Supporting this, Wongyai et al., 

(2024b) review factors that influence commercial 

airline passengers' adoption of self-service check-

in kiosks, concluding that usability, perceived 

control, and service reliability are important 

motivators of usage intention. 
 

SSTs' perceived ease and usefulness are essential 

aspects that influence the effective use of SSTs 

and ultimately impact airport operational 

efficiency and passenger satisfaction (Moon & 

Lee, 2022). Another recent study by Duran et al. 

(2024) examined SST features such as interface 

design and reliability, their relationship to 

customer experience quality, and provided 

practical recommendations for airlines to improve 

service delivery. 
 

Current research on customer satisfaction with 

self-service technology (SST) indicates some of 

the key factors influencing favorable and 

unfavorable user experience, such as system 

dependability, the design of the interface, and 

accessible support (Chinalu, et al., 2024; Moon & 

Lee, 2022; Meuter, et al., 2000; Duran et al., 

2024). These factors significantly influence the 

way customers react through complaints, word-of-

mouth recommendations, or their own use of the 

technology again. This reflects the importance of 

management to develop and sustain SSTs which 

provide a smooth, dependable, and uniformly 

satisfactory experience for passengers. 
 

Digital Transformation and Automation 

In addition to passenger-oriented aspects, core 

back-end airline operations such as maintenance, 

scheduling, and allocation of service crews and 

staff are being influenced by digital transformation 

(Chinalu, et al., 2024). Automation, networks of 

Internet of Things (IoT) sensors, Big Data, 

artificial intelligence (AI), and machine learning 

technologies all provide significant advantages for 

airlines to measure and track operational 

complexity in real-time (Kabashkin, et al., 2023; 

Lukic, et al., 2019). For instance, predictive 

maintenance may drive reductions in unplanned 

downtime and maintenance costs, while real-time 

analytics enable optimized route scheduling and 

more efficient fuel management (Chinalu, et al., 

2024).In order to take full advantage of AI in 

airline operations, organizations must establish 

appropriate capabilities and address the practical 

challenges of training personnel and integrating 

into operational systems so the technology may 

provide maximum value (Kabashkin, et al., 2023). 
 

Taxiing is a vital element of aircraft ground 

operations that has gained increasing interest from 

the aviation industry to improve efficiency and 

minimize environmental footprint. Electric taxiing 

systems represent a viable solution—they help 

reduce fuel consumption, reduce noise pollution, 

and reduce operational costs for aircraft movement 

on the airfield (Lukic, et al., 2019; Re, 2012). 

Recent reviews have indicated electric taxiing 

systems can save fuel, reduce emissions, and 

provide other benefits and identify further 

challenges and research (Lukic, et al., 2019). 

Previous work by Re (2012) simulated 

environmental benefits from reducing fuel use and 

emissions in a range of operational scenarios. 

These findings support employing electric taxiing 

systems as an opportunity to make aviation 

greener. 
 

Response to COVID-19 and Industry 

Innovation 

The international airline sector was significantly 

impacted by the COVID-19 pandemic as 

passenger traffic fell drastically due to travel 

restrictions, border closings, and increased health 

and safety precautions (Agrawal, 2020; 

Amankwah-Amoah, 2021; Garrow & Lurkin, 

2021). The impact of the pandemic was by no 

means even—some airlines were able to adjust and 

bounce back, but many others suffered enormous 

financial losses. Airlines have responded by 

prioritizing recovery efforts of operational 

resilience and bolstering safety procedures to 

facilitate post-pandemic recovery (Agrawal, 2020). 
 

The pandemic created a difficult period; the 

airlines had to undertake CoviNovation 

(Amankwah-Amoah, 2021), meaning innovation 

from COVID-19. Some initiatives were the 

reconfiguration of seating for social distancing; the 

introduction of touchless processes throughout the 

airport process; the disinfection of aircraft using 

ultraviolet light; integrating a biometric check-in; 

and implementing initiatives, like leaving the 

middle seat free (Agrawal, 2020; Garrow & 

Lurkin, 2021).Despite the loss of passenger 

numbers, these actions not only ensured health of 

passengers and instilled confidence for flying; they 

also established practices that would provide 

positive benefits to airlines in the operational 

aspect (Amankwah-Amoah, 2021). The crisis 

prompted a reevaluation of revenue management 

by almost all airlines, rethinking the passenger 

experience in a different context and fare 
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structures, and it appears that most of the trends 

will persist beyond COVID-19 (Garrow & Lurkin, 

2021). 
 

Sustainability and Environmental Challenges 

Aviation is responsible for approximately 5% of 

global greenhouse gas emissions, so sustainability 

is becoming increasingly important to airlines (Lai 

et al, 2022). Sustainability initiatives to lessen 

aviation emissions are: to limit air travel; embrace 

alternative fuels; and enhance operational 

productivity (Lai, et al., 2022). Such initiatives can 

be challenged socioeconomically and politically; 

the general public may have low awareness and 

low willingness to select more sustainable options 

- for instance, select a train instead of a flight for 

the same journey (Yıldız & Başakcı, n.d.). 

Sustainable fuels offer little transit into lower 

airline emissions and are a prime example of the 

need for better coordination between policy, 

industry, and consumer behavior (Lai, et al., 

2022).  
 

There are growing impacts of airline sustainability 

initiatives upon consumer acceptance and /market 

position. The environmental, economic, and social 

dimensions are increasingly blurred and require 

more coordination and consistency- as 

demonstrated in the Yıldız and Başakcı (n.d.) 

research study - which explored consumer 

acceptance of sustainable airlines adopting the 

triple bottom line perspective. Passengers 

appreciated airlines taking care about 

environmental stewardships, social welfare and 

economic performance. 
 

Similarly, Galhoz, et al., (2024) provided 

empirical support of how the airlines’ green 

practices and corporate social responsibility (CSR) 

performance have an effect on customer loyalty 

and behavior and thus supporting a business case 

for sustainability. These papers highlight the need 

for sustainability roadmaps that focus on airline 

eco-stewardship, and consumerist expectant 

behavior as crucial source of competitive 

advantage in achieving international efficiency 

standards.  
 

Operational activities for the electrification of 

aviation (electric taxiing, use of renewables at 

airports and in airline operations), complement 

operational commitments to reduce energy and 

waste across the global aviation ecosystem while 

ensuring reliability and service (Lukic, et al., 

2019). 
 

Information technology (IT) is an important an 

enabler to increase agility and maintain a 

competitive advantage in the airline industry. With 

appropriate IT systems airlines are able to adapt 

quickly to dynamic conditions, leverage available 

resources, and respond to passengers, (Setiawati, et 

al., 2022). Successful implementation of such 

technologies is dependent on several important 

factors, some of which include proper support 

from the top management, effective coordination 

across organizational units, technological skills of 

the workers, and IT projects being in line with the 

overall business goals (Ross, 2003). This ability 

becomes particularly important during 

emergencies, like the COVID-19 pandemic, when 

IT enables airlines to keep operating via distant 

coordination, web-based sales platforms, and 

virtual interaction with passengers (Setiawati, et 

al., 2022). Recent studies by Mirthipati (2024) use 

machine learning and causal analysis to determine 

which of the improvements in digital services most 

contribute to customer satisfaction, highlighting 

the strategic significance of data-driven solutions 

in supporting both IT responsiveness and agility to 

passengers. 
 

Research emphasizes the necessity of IT 

architecture maturity, with maturity examining the 

practices of utilization of technology as 

organizations shift from silo applications to 

modular, loosely-coupled components, which 

enables a synchronous reaction to changing 

business environments. Modularity allows for the 

integration of newer digital innovations and 

system resilience (Ross, 2003). 
 

Blockchain Technology in Airline Services  
With its promise of improving security, enhancing 

transparency, and improving operational 

efficiency, the airline industry has begun to take an 

interest in blockchain (Agaram Mangad, 2023; 

Kizildag, et al., 2019). The applications of 

blockchain include utilizing passengers' secure 

identities, transaction management for reservations 

and payments, enhancing rewards, and 

decentralizing airport operations (Efthymiou, et 

al., 2023; Barua & Shamim, 2024). The use of 

blockchain can decrease intermediaries, minimize 

transactional costs, and enhance customer data 

privacy via cryptographically secured identities 

(Barua & Kaiser, 2025).  
 

Blockchain extends beyond passenger-facing 

services to support critical back-end airline 

operations. Efthymiou, et al., (2023) demonstrated 

that it can improve traceability, ensure fraud 

prevention, and improve efficiency in 

maintenance, repair, and overhaul (MRO). 

Additionally, Barua and Shamim (2024) discuss a 
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blockchain-based microservices architecture that 

can improve transparency, enhance security, and 

facilitate scalability in providing high-volume 

bookings. Following this, Barua and Kaiser (2025) 

present an edge-enabled microservices architecture 

that improves the processing of real-time data, 

enhancing user responsiveness and system 

reliability. 
 

Research highlights substantial cybersecurity 

challenges such as issues with consensus 

mechanisms, mining approaches, and network 

vulnerabilities that must be addressed for the 

secure and effective use of blockchain in airlines. 

Current research highlights the necessity for 

deeper exploration of incentive-compatible 

protocols and the combination of various 

technologies to maximize blockchain’s benefits 

(Kizildag, et al., 2019; Wang, et al., 2019; 

Mahmood, et al., 2022). The significant 

importance of blockchain in enhancing aviation 

security and advancing operational efficiency is 

acknowledged in the literature (Agaram Mangad, 

2023). Targeted measures to mitigate 

cybersecurity risks may assist in bolstering defense 

against risk in the aviation sector (Mizrak & 

Akkartal, 2024). Lastly, the International Civil 

Aviation Organization (ICAO, 2025) implies the 

importance of a comprehensive cybersecurity 

framework to include the governance of the 

aviation sector, international collaboration, and 

capacity building as a means to ensure the 

sustainability of the aviation sector. 
 

Organizational and Strategic Considerations 

Airlines exhibit different business orientations, 

including customer, competitor, and technology 

that guide their innovators’ strategies and overall 

performance (Gatignon & Xuereb, 1997). A 

business that adopts a strong technological 

orientation tends to orient its innovations to 

provide a competitive advantage in a rapidly 

growing competitive market. A technological 

orientation to innovation gives firms the ability to 

exploit their technological advantages in 

competitive environments (Gatignon & Xuereb, 

1997). When combined, these orientations are able 

to work in synergy, strengthening a company's 

capacity to launch new products and services that 

are successful in the market (Gatignon & Xuereb, 

1997). 
 

Airline organizations usually realign their 

structures and methods of coordination on an 

ongoing basis based on technological investments. 

Usually, information systems serve to reinforce 

existing hierarchies rather than to replace them. 

Still, the process of implementing these systems 

suggests that information technologies need to be 

aligned with organizational structures. This 

highlights the complexity of implementing change 

in established firms, as adopting new technologies 

doesn't guarantee change without integrating the 

change into the existing structure (Robey, 1981). 
 

New sociotechnical systems approach focusses on 

understanding the interplay and alignment of 

human, organizational, and technological factors in 

the implementation of effective artificial 

intelligence (AI). Xu and Gao (2024) suggest a 

framework of intelligent sociotechnical systems 

(iSTS) that incorporates human-centered design in 

a hierarchical manner to enhance the interaction 

and governance of AI systems. Expanding on this, 

Akbarighatar, Pappas, and Vassilakopoulou (2023) 

utilize a sociotechnical approach in responsible AI 

maturity models. Their study identifies key 

organizational and technical factors that are 

fundamental to ethical and effective AI adoption 

and implementation. Their model provides 

excellent insight into how AI integrates into the 

complex processes of airlines. Earlier work of 

Oosthuizen, Wout, and Magdalena (2019) also 

emphasize the relevance of sociotechnical 

components to AI implementation, depicting the 

interaction complexity existing between 

technology, users, and organizational contexts 

when implemented within advanced intelligence 

systems. 
 

New technology is always changing the aviation 

workforce that requires new skills and 

competencies and an understanding of technology 

as it relates to digital transformation. Future jobs in 

aviation are revealed in Abu Talib, et al., (2025) in 

which they note the changing role developing 

technologies will play in defining the 

competencies required to meet workforce's 

adaptation and effective operations. This 

transformation aligns with the rising integration of 

sociotechnical AI frameworks that prioritize 

human–technology collaboration for 

organizational performance (Makarius, et al., 

2020). Complementing these changes, the 

European Union Aviation Safety Agency (EASA), 

through its VIRTUA project, examines evolving 

aviation safety standards in the context of rapid 

digitalization, using case studies to evaluate the 

regulatory adjustments needed to manage 

innovative digital solutions while maintaining 

safety and compliance (VIRTUA, n.d.). 
 

Apart from employee and technology measures, 

airlines also implement operational measures to 
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maximize efficiency and sustainability. 

Organizational measures such as fleet up-gauging 

and reduced flights enable airlines to maximize 

capacity, reduce the operating cost, and reduce 

environmental footprints, which demonstrates the 

connection between organizational strategy and 

sustainable operation planning (Presto, et al., 

2021). 
 

Gaps and Future Research Directions 

Although existing research produces valid 

understanding of airlines' adoption to new 

technologies (Moon & Lee, 2022; Wongyai, et al., 

2024a; Lukic et al., 2019), gaps in the literature 

exist. Most of the research concentrates on 

technical potential linked with new technology 

(e.g., AI, blockchain, and IoT) (Efthymiou, et al., 

2023; Barua & Shamim, 2024; Barua & Kaiser, 

2025) with less emphasis on how technology can 

be integrated into airlines' organizational contracts 

and regulatory issues A second area that is still 

quite underdeveloped involves research employing 

sociotechnical approaches (e.g., consumer 

acceptance, workforce preparedness, and 

environmental policy) (Akbarighatar, Pappas & 

Vassilakopoulou, 2023; Xu & Gao, 2024).  Hence, 

research has not explored the relationship between 

technology and implementing innovations with 

different levels of sustainability while 

acknowledging the impact of sociotechnical 

systems. 
 

 Thus, there is a call for future research to build on 

multilayered and comprehensive multidisciplinary 

frameworks that include technological, 

organization and human factors (Kabashkin, et al., 

2023). This could include establishing 

cybersecurity protocols that fulfill stakeholder 

incentives, developing models for multi-

technology integration and conducting behavioral 

research to understand passenger behaviors in 

relation to organization-driven sustainable 

innovations (Yıldız & Başakcı, n.d.; Galhoz, 

Ramos & Biscaia, 2024); also, comparative 

analysis relating to regulatory changes across 

regions could generate important knowledge 

supporting good governance around the 

introduction of new aviation technologies - 

developing a more resilient ethical and human-

centered airline sector (VIRTUA, n.d). 
 

Limitations of the Review 

This narrative review summarizes technological 

advancements in airline operations but has some 

limitations. Unlike systematic reviews, this 

narrative review does not use strict criteria for 

including studies or quantitative analysis, which 

may reduce reproducibility and increase the 

chance of selection bias (Sukhera, 2022). While 

this review comprises many peer-reviewed studies, 

industry reports, and pilot studies, some 

unpublished work, research in non-English, and 

material proprietary to some stakeholders may 

have been overlooked. Additionally, conclusions 

may become obsolete with the evolving nature of 

aviation technology. Finally, although the review 

notes additional gaps and future research 

directions, it does not investigate or validate any 

specific models, and future empirical studies 

would be subject to examining whether the 

conclusions hold in practice (Suthari & Mohan, 

2025) . 
 

DISCUSSION 
This research showcases the considerable 

transformations from technological innovations on 

airlines in all areas, from consumer-facing service 

and back-end processes to workforce development 

(Kejriwal, 2024). The reliance on self-service 

applications, predictive analytics, electric taxiing, 

blockchain applications, and sociotechnical AI 

methods indicate a broader transition from 

incremental improvement to strategic systemic 

digitalization (Moon & Lee, 2022; Wongyai et al., 

2024a; Lukic et al., 2019; Efthymiou et al., 2023; 

Xu & Gao, 2024). These are conventionally 

associated with improvements to efficiency, safety 

and environmental performance, customer 

experience, and organizational resilience 

(Akbarighatar, Pappas & Vassilakopoulou, 2023; 

Barua & Kaiser, 2025; Puthiya, 2025)). 
 

The study highlights some of the ongoing issues 

and research gaps regarding the digital 

transformation of the airline industry. While many 

airlines have adopted new technologies, such new 

technologies are often applied in isolation as 

modular or One-off systems, therefore leading to 

inefficiencies and lost opportunities for synergy 

(Efthymiou, et al., 2023; Barua & Shamim, 2024). 

Cybersecurity and data governance concerns 

remain and have become even more relevant and 

prevalent as airlines rely on various blockchain, 

AI, and IoT technologies (Mizrak & Akkartal, 

2024; ICAO, 2025). Nonetheless, the 

understanding of staff and the regulation systems 

remain slower than innovation and have led to 

limited successful, ethical, sustainable uses of 

technology (Abu Talib, et al., 2025; VIRTUA, 

n.d.). Ultimately, low consumer acceptance and 

low investment in sustainability-driven innovation 

suggest opportunities for further policy and 

behavioral investigations that can enable industry-
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wide application (Yıldız & Başakcı, n.d.; Galhoz, 

Ramos & Biscaia, 2024). 
 

A bigger vision that these results present points to 

the fact that digital transformation in airlines is so 

much more than the implementation of new 

technologies and is ultimately a sociotechnical 

process which creates organizational change, 

employee capacity, consumer engagement, and a 

regulatory environment that is either favorable or 

unfavorable entails much more than just the 

implementation of new technologies: it is 

ultimately a sociotechnical process which 

engenders organizational changes, builds capacity 

in employees, engages customers, and a regulatory 

regime that is more or less supportive. In order for 

these technologies to develop a feasibility for use, 

it requires airlines to synchronize their use of 

technology, train employees, update regulations, 

and work together in a multi-sector ecosystem 

(Kabashkin et al., 2023). Also, future studies 

should be experimental studies that advance 

integrated frameworks combining multiple 

technologies, investigate strong cybersecurity 

protocols for stakeholders in the study, and 

investigate the influence of consumer behavior and 

policy choices on the adoption of sustainable and 

digital innovations in aviation (Akbarighatar, 

Pappas & Vassilakopoulou, 2023; Xu & Gao, 

2024; Gollapudi, 2025). 
 

CONCLUSION 
Ongoing enhancements in technology are 

producing continuing ramifications for growth and 

sustainability in airlines. The airline industry has 

experienced unprecedented momentum of digital 

disruption in customer service, operations, 

workforce and environmental sustainability since 

the onset of deregulation and competition. New 

technologies - self-service kiosks, technology 

analytics, electric taxiing systems, blockchain 

systems, AI and other - are rapidly changing 

aviation. For successful use of new technologies in 

the airline industry, it requires a strong 

organizational infrastructure, ongoing support and 

training of staff, and a regulatory environment that 

allows for a seamless transition, development, and 

safety.  
 

In addition to technological advancements, the 

COVID-19 pandemic accelerated digital 

innovations, all the while revealing the strengths 

and weaknesses of the aviation industry. In all this, 

sustainability initiatives based on consumer 

preference for green carriers and corporate social 

responsibility, have emerged as key dimensions of 

competitiveness and purchase decision-making in 

the market. By closing the gaps concerning 

technology integration, talent development and 

workforce training, regulatory adaptation, as well 

as the socio-technical understanding of these areas, 

the aviation business will improve its resilience 

and develop a competitive advantage for the long-

term.  
 

This review integrates key arguments from a 

variety of scholarly investigations, and examine 

major themes including technological 

advancement, organizational transformation, 

sustainability, and workforce development. This 

review discusses important priorities for future 

research and practice, including the necessity of 

developing robust frameworks to align emerging 

technologies with organizational goals, customer 

expectations, and global environmental 

responsibilities. 
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