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[bookmark: _Toc234608478]1.Chapter 1: Introduction
[bookmark: _Toc234608479]1.1 Background of the Study
The United Kingdom railway sector is going through a significant digital transformation period because of the necessity to enhance the efficiency of operations, reliability of the service, and customer experience. Due to growing passenger capacity demand, old age infrastructure and the demands of smooth and convenient travel, the traditional ticketing and schedule systems can no longer be relied upon (Nampalli, 2023). As a result, the adoption of smart ticketing and artificial intelligence (AI)-based scheduling systems has become a key priority for the industry.
Smart ticketing allows the people to buy and redeem tickets electronically by using contactless cards, mobile apps and the Internet, eliminating the paper-based system (Nakkala et al., 2025). Simultaneously, AI-driven scheduling models are being implemented to optimise train schedules, forecast passenger demand and enhance on-the-fly operational decisions. Such technologies are likely to make the railways services quite modernised and enhance the performance of the whole system.
[bookmark: _Toc234608480]1.2 Problem Statement
The UK rail sector is still trying to address several challenges when it comes to implementing the digital technologies, despite its potential benefit. Problems around system integration, high costs, data management and employee resistance can reduce the effectiveness of such innovations (Xue et al., 2024). Moreover, not every passenger can use or adjust to digital systems, which results in the issue of digital exclusion. Another gap is that no one fully comprehends the effects of these technologies on operational effectiveness, service reliability and customer satisfaction. Some research points out at the positive effects, whereas others point at the limitations and risks. Thus, a critical analysis, which considers both the pros and the cons of smart ticketing and AI-related scheduling systems, is required.
In addition, the challenge of managing several stakeholders, which include government agencies, private operators, and technology suppliers, presents another dimension of challenge to effective implementation (Bachofner et al., 2022). The disparity in organisational priorities and insufficient standardisation may slow down the process and lower the efficiency. Also, there is a danger of quick adaptation of technology surpassing regulatory frameworks, and that poses a problem in governance. 
[bookmark: _Toc234608481]1.3 Rationale for the Study
This research is necessary due to the increased significance of digital transformation in the transport industry and the lack of integrated studies on the topic of the UK railway industry. Digital infrastructure is being heavily invested by governments and railway organisations such as the Department for Transport and Network Rail, to enhance both service delivery and sustainability (Li et al., 2023). The research is significant as it will present an understanding that can aid in making improved decisions by policy makers, transport planners and railway companies. It will also make contributions to the academic knowledge as it will include the findings of other sources including peer-reviewed journals, policy documents, and industry reports. Additionally, the study applies to other areas of transportation like buses, metro, and airlines where other digital technologies are being introduced.
Besides, the research will be useful in determining viable suggestions on how the application of smart technologies can be enhanced in the rail industry. It will also point out discrepancies between the intentions of policy and the actual implementation, which will provide a better picture of the performance of digital systems (Michalik et al., 2022). The results can also assist organisations to better handle change especially regarding the adjustment of the workforce and customer acceptance. The research will help achieve more balanced and sustainable digital tactics, by focusing on opportunities and limitations, and provide a long-term value of technological advancement to both service givers and passengers.
[bookmark: _Toc234608482]1.4 Research Aim and Objectives
This study is intended to critically analyse how smart ticketing and artificial intelligence-based systems of scheduling impact on the efficiency and passenger experience at the UK railway industry.
The study will be guided by the following objectives:
· To analyse the development and implementation of smart ticketing to the UK Rail industry. 
· To determine how the AI-powered scheduling systems may be applied to optimise the work of the rail industry and the service reliability. 
· To establish the impacts of these technologies on the level of customer satisfaction and service quality. 
· To quantify the feasibility and organisational challenges on digital transformation of the rail industry.
[bookmark: _Toc234608483]1.5 Research Questions
· How to develop and implement smart ticketing to the UK Rail industry?
· In which ways can AI-driven scheduling systems be used to optimise the efforts of the rail industry and the service quality?
· What are the impacts of these technologies on the level of customer satisfaction and service quality?
· What are some of the feasibility and organisational challenges on digital transformation of the rail industry?
[bookmark: _Toc234608484]1.6 Structure of the Study
The chapter has presented the research topic by stating the background, defining the problem and stating the reason why the study should be done. It has also given the research aim, objectives and questions. The subsequent chapters will be based on this background by examining the related literature, outlining the study method, discussing the results, and stating conclusions and recommendations concerning the digital transformation of the UK railway sector.


[bookmark: _Toc234608485]2. Chapter 2: Literature review
[bookmark: _Toc234608486]2.1 Introduction
Modern smart rail ticketing systems are expected to replace conventional paper ticketing systems with electronic and contactless options, and AI-based scheduling systems use machine learning and predictive analytics to better manage train operations and resource allocation. The chapter is a critical review of past and ongoing research and development efforts in the field of digital transformation in the transport sector, smart ticketing systems, intelligent planning tools such as artificial intelligence, operational efficiencies, and impact on customer experience, as well as challenges to digital transformation in the UK rail industry.
[bookmark: _Toc234608487]2.2 Digital transformation in the entire context of transport industry
Currently, digital transformation is the application of digital technologies to the processes of an organisation and to the delivery of its services, to be more efficient, innovative and valuable for the client (Shostak et al., 2023). In the transport sector, digitalisation is becoming a necessary condition to better manage the operation and reduce delays, as well as to communicate with passengers. The researchers suggest transport infrastructure is becoming increasingly reliant upon data driven technologies to enable intelligent decision making and optimal infrastructure use. Digitalisation in the railway sector includes implementing smart ticketing, predictive maintenance systems, AI scheduling, cloud-based solutions, and real-time passenger information systems (Sarp et al., 2024). The literature indicates that, beyond the technological aspect, digital transformation must be organisational due to the need for structural change, adaptation of workforce, and direction and coordination of the process and strategic process. While modern rail infrastructure produces huge amounts of operational and passenger data, advanced digital technologies allow transport authorities to analyse this information with greater efficiency.
Over the years, several experts have reported on the history of the division of responsibilities for the rail industry in the UK, between infrastructure managers, train operating companies and the government (Zhang and Cheng, 2023). Such disintegration has hampered the efficiency of coordination, as well as the timeliness of technological integration. Digital systems are thus considered to be tools which can enhance interoperability among various actors in the rail domain. During disruptions, AI and digital platforms can offer operators with central operational visibility to make faster decisions (Sundaramurthy et al., 2022). It also states that research shows digital transformation is helping achieve sustainability goals. Digital rail technologies can also minimise energy losses, optimise train frequency and management of movement of passengers. This helps towards the UK government environmental goals and net zero carbon aspirations (Shahzad et al., 2024).
What is more, research has shown that with digital transformation, businesses can become more reliant on data infrastructure and cybersecurity systems. With digitisation of railway organisations, there is an increased risk of cyber-attacks, system failures and data privacy risks. Thus, transport organisations need to pay attention to governance structures, employee training and cybersecurity protection, in addition to technological systems, scholars argue (Okolo et al., 2023). Therefore, digitalisation in the UK rail sector is seen as a chance and a challenge. Although many researchers argue that the adoption of digital technologies has improved and will improve operational efficiency and service quality, the speed with which they can be implemented in traditional rail networks is hotly debated. The focus is on sustainability and efficiency gains, while the risks related to cybersecurity and governance are highlighted. This indicates that, to succeed, a digital transformation will require more than just technological integration, but also a sense of organizational readiness. The topics of these discussions are directly relevant to this study, which is an examination of the effects of digital technologies on rail efficiency and passenger experience. 

[bookmark: _Toc234608488]2.3 Development as well as implementation of the smart ticketing systems
One of the most tangible examples of a digital transformation in public transport is a smart ticketing system. The systems enable passengers to buy, store and validate tickets electronically via contactless bank cards, mobile apps, QR codes or smart cards. In the UK rail sector, the drive towards introducing smart ticketing is due to improvements in convenience, cut costs and modernisation in the services offered to passengers (Avasthi et al., 2025). It is well discussed in the literature that the Oyster card system is one of the most successful smart ticketing systems introduced by Transport for London in the UK. Researchers describe the system as making the ticket bookers job easier and reducing customer wait time. However, since then the contactless payment experience has evolved to be used by many different rail operators around the country (Mogaji and Nguyen, 2024). Passengers' desire for flexible and cashless travel options has also made mobile ticketing applications more popular.
Studies in the literature indicate that smart ticketing systems have benefits for the operation of the train. Digital tickets save the costs of printing and administration of paper tickets. Digital systems increase the pace of transactions, minimising ticket/counter/passport issues and gate congestion (Okokpujie et al., 2025). The data collected by passengers based on their tickets can provide clues to the railway operator about the behaviour of passengers and how services are planned. Research also shows that IT-enabled ticketing can enhance the coordination of multimodal transportation (Stroumpou et al., 2024). The digital payment can be used for all buses, underground, and rail services. The integration is thought to improve travel experiences and increase the use of public transport.
While these are the advantages, there are also some problems that are identified with the smart ticketing system. There is one big problem, Digital Exclusion. Digital ticketing platforms can be inaccessible for elderly passengers, low-income citizens and tech-savvy individuals (Nguyen, 2026). The literature cautions about the over-dependence on digital systems and its impact on the accessibility of transport systems for vulnerable groups. Interoperability is another problem that has been found in the literature as a challenge. Reductions in integration efficiency within the rail network because of differences in the rail ticketing system across various train operating companies (Erdei et al., 2023). Researchers propose that there needs to be a standardised ‘smart ticketing infrastructure' in the UK rail industry at the national level. Smart ticketing thus brings operational convenience and access to passengers, but its success ultimately requires inclusive implementation and coordination of technology.
There is generally consensus in the literature on the benefits of smart tickets, such as convenience and operational efficiency. It is important to note, however, that the barriers to accessibility are not all seen in the same light. Some research has focused on increased efficiency and the benefits of integration, while others point to digital exclusion as a major challenge for some passengers. Therefore, more research is needed to explore whether the benefits of smart tickets are being felt by everyone in the UK rail industry and whether everyone benefits equally.
[bookmark: _Toc234608489]2.4 Scheduling of AI-Based systems in rail operations
Railway scheduling and operational management have successfully attracted increasing attention to artificial intelligence. AI scheduling solutions leverage predictive algorithms, machine learning, and real-time data analysis to ensure optimal train operations, maintenance scheduling, and resource allocation (Soofastaei, 2025). According to literature, such systems have the potential to drastically improve on-time performance, minimise delays and increase operational efficiency. Research indicates that AI scheduling solutions can enhance decision-making during operational disturbances. If there are time lapses, the AI algorithm can automatically suggest alternative schedules and optimise train sequencing (Zhao et al., 2025). This results in lower disruption recovery time and higher level of service reliability.
AI is regarded as one of the most beneficial applications in rail operations, and predictive maintenance is one of them. Operational data can be gathered on a train or infrastructure by sensors all the time. This data is fed into AI systems which detect patterns that could signify technical issues. Previous studies in literature indicated that predictive maintenance minimises downtime, maintenance expenses and safety standards (Molęda et al., 2023). Another argument that researchers make is that the utilisation of resources is improved with the systems of AI. The AI-generated operational insights empower railway operators to streamline staff scheduling, train routing, and energy usage. Operational insights using AI optimise the efficiency of staffing, train routing, and energy consumption for railway operators. Achievement of improved resource efficiency will result in lower operational costs and/or greater service capacity.
Another challenge that is mentioned in the literature is resistance among the workforces. Staff might be concerned about the threat of AI taking over their jobs, especially in scheduling and managing operations. It is therefore possible for resistance to change the technology to delay implementation procedures. The importance of training and changes in the organisation in relation to employee acceptance is highlighted (Vveinhardt and Sedziuviene, 2022). Moreover, AI comes with the need for high-quality data to deliver results. Reliability of the system and accuracy of the decision-making process can be compromised if there are any inconsistencies or inaccuracies in operational data. Internet organisations must invest in integrated digital infrastructure to get the best results from AI (Webber et al., 2022). Thus, the possibility of using an AI scheduling system to enhance operations on the railways is significant, but it will require an organisation to be prepared to make the investment in technology to ensure it is properly implemented. Some research highlighted throughout the literature, the potential long-term impact on employee and workplace culture is much less well-researched. Some researchers highlight efficiency improvements, others workforce resilience and implementation challenges. This suggests that there is scope for more research on the relationship between technology and people in the context of AI use in the rail sector.
[bookmark: _Toc234608490]2.5 Impact of different smart technologies within operational efficiency
Delays, congestion and disruption have a major impact on organisational performance and customer satisfaction, making operational efficiency a priority in the UK rail industry (Mlilo, 2026). The advantages of smart ticketing and AI scheduling solutions are well established in the literature, indicating that they contribute to an automated, data-driven, and predictive scheduling approach that enhances operational efficiency. It also highlights that digital technologies enhance communication with other operational departments, which is further mentioned in the literature. Integrated systems enable improved sharing of information between the infrastructure manager, train operator and maintenance personnel (Rodríguez-Hernández et al., 2025). Better coordination increases response time in case of emergency or technical issues. In addition, the importance of data driven decision making in today's railway operations is underlined by the researchers. Smart technologies offer managers information and data from the operation in real-time and allow strategic planning to be done more wisely (Emma, 2024). AI can predict passenger flow patterns and optimise train and staff scheduling.
However, there are scholars who believe that the operational improvements could differ between organisations depending on their ability and infrastructure. Advanced AI technologies can be a challenge for rail operators with outdated infrastructure. Initial efficiency gains from integration can also be diminished due to costs and technical challenges (Habib et al., 2022). System dependency is another of the limitations found in literature. Digital technologies can also expose heightened vulnerabilities if systems go down during technical problems or a cyber incident. Digital systems that do not function may impact various aspects of the railway network at once (Sarp et al., 2024). As a result, organisations should still have robust risk management and contingency planning processes in place, with the use of smart technologies facilitating the efficiency of the operations.
The literature finds that when there are an adequate infrastructure and organizational capacity to support digital technologies, operational efficiency improves. However, other existing research shows conflicting results on the extent of efficiency improvements brought about by different rail operators. This indicates that technological solutions cannot always ensure success and that a better understanding of the organizational and operational environment should be considered alongside technological innovation.
[bookmark: _Toc234608491]2.6 Influence on customer satisfaction as well as passenger experience 
In transport services, quality of communication, convenience, affordability, and reliability of services are strongly correlated with customer satisfaction. The UK railway industry is ripe for transformation in terms of passenger experience, according to the literature, with the potential of obtaining significant benefits from the implementation of intelligent ticketing and AI scheduling systems (Taha et al., 2025). Convenience is increased by smart ticketing systems that enable passengers to buy tickets for the train in seconds on their mobiles or via contactless payment. Digital ticketing can decrease wait times for tickets and make travelling easier, according to researchers. There are also user-friendly options for booking and online journey management options for passengers. Improved service reliability is another indirect benefit of AI scheduling that boosts customer satisfaction (Oladele, 2023). Less delay, better timetables and better disruption management leading to smoother journeys for passengers. The results of the study indicate that punctuality and communication quality are passenger value aspects very important for assessing railway services.
It is also crucial that communication is up and running in real-time during disruption, researchers note. Advances in AI systems can automatically alert passengers of delays, alternate navigation and schedule changes (Mirindi, 2024). This helps alleviate passenger irritation and enhances passenger perceptions of the quality of service offered. But this literature too suggests risks that impact customer satisfaction. If passenger trust in digital systems is eroded due to technical failures, crashes of mobile applications or online payment failures, it may compromise the overall passenger experience and negatively impact passenger satisfaction. Travelers may also feel that the digital pricing system is too complex or not fair (Tang, 2025). Customer experience research is still a big deal about digital exclusion. Smart ticket services may pose a challenge for elderly users and those who are without smartphones or bank cards. There have been suggestions that railway companies should offer other ways of booking tickets to remain inclusive.
Although most researchers unanimously agree that intelligent technologies provide convenience and enhance service reliability, little is known about the perceptions of different passenger groups on the convenience and services introduced by intelligent technologies. Most of the literature focuses on technological performance rather than passenger perceptions. However, a deeper understanding of the link between intelligent technologies and passenger satisfaction in the UK rail environment is needed.
[bookmark: _Toc234608492]2.7 Organisational as well as implementation challenges
While digital transformation has many advantages, proof shows that introducing it into the UK rail sector is extremely complex. The challenge that is faced is organisational resistance to change (Chiguvi, 2022). Fearing for the loss of their jobs or misunderstanding the technology, employees might be hesitant to use it. Researchers believe that the adjustment of the workforce is key to successful implementation. Training programmes and change management strategies need to be invested in by organisations to build employees' confidence in digital systems (Chychun et al., 2023). Leadership support is also considered as important for inducing innovation and organisational commitment.
Another crucial problem elaborated in the literature is the financial cost. While adopting AI systems and smart ticketing applications necessitates significant technology investments, cybersecurity, data management, and employee training (Iyer, 2024). But the smaller rail operators may have trouble financing large-scale projects of digital transformation. Another issue raised is that of system interoperability. The use of incompatible digital platforms between different train operators/infrastructure managers reduces operational integration. Researchers recommend that more co-ordination at national level would be beneficial for the interoperability of the rail network in the UK. As transport systems become more connected and data-driven, the threats of cybersecurity are growing (Sarker et al., 2023). There are warnings in the literature about the potential of a cyber-attack on a railway's infrastructure, which could interfere with overall operations and compromise passenger information. Good cyber security governance, therefore, is deemed to be a prerequisite.
[bookmark: _Toc234608493]2.8 Gaps in the literature
While there is a wealth of work on the digital transformation of the rail industry, there are still many gaps that need to be filled. Second, while some research explores the focus on smart ticketing systems and others explore the focus on AI-based programming, few studies delve into the combined effects of smart ticketing systems and AI-based programming on both operational efficiency and passenger experience. Second, many of the studies currently available focus on both the capabilities and outcomes of implementation in terms of technology, with less attention to the challenges of implementation itself as an organisation. Third, while there is considerable discussion about customer satisfaction, there is less evidence on how these different passenger groups perceive customer satisfaction with the use of digital rail services in the UK. Finally, many of the publications focus on a specific case study or technology, without providing a broader perspective on the scope of digital transformation in rail operations.


[bookmark: _Toc234608494]2.9 Chapter Summary
This chapter covered the literature on the current state of digitalization in the transport sector, smart ticketing systems, AI-based scheduling technologies, operational efficiency, passenger satisfaction and implementation challenges. The literature indicates that digital technology has significant potential to help rail operations in terms of improving efficiency, enhancing decision-making and enhancing customer improvements. However, implementations remain hampered by challenges related to digital exclusion, organizational resilience, infrastructure limitations, investment and cybersecurity. The analysis also revealed variations in researchers’ views on the benefits and constraints of digital technologies, as well as inconsistencies in the literature.

[bookmark: _Toc234608495]3. Chapter 3: Research methodology
[bookmark: _Toc234608496]3.1 Introduction
This chapter introduces the research method chosen to investigate the role of smart ticketing and artificial intelligence (AI)-based scheduling systems in improving operational efficiency and customer experience in the UK rail industry. Research methodology is a scientific approach used to collect and analyse data to effectively address research problems (Samanth, 2024). In addition to the research philosophy, other topics covered were the research approach, research design, data collection method, sampling strategy, data analysis, ethical considerations, reliability and validity and the limitations of the selected methodology. 
[bookmark: _Toc234608497]3.2 Research philosophy
Research philosophy involves a system of beliefs or assumptions which are concerned with the development of knowledge in specific research (Bergmann, 2023). The interpretivist philosophy is chosen for this research due to the desire to gain understanding and interpretation of the effects of Digital Technologies, including smart ticketing and AI scheduling systems, in the context of the UK rail sector. Interpretivism is suitable because the study involves analysing and interpreting the content from existing literature, policy documents, and industry documents, to capture the views of various stakeholders on the benefits and issues of digital transformation. In contrast, interpretivism allows the researcher to study several different views on the phenomena as well as several different meanings in the surrounding context (Pervin and Mokhtar, 2022). As the study is based on secondary data, it is pertinent to recognise that an interpretivist approach provides a strong basis for understanding more complex social and operational phenomena.
The interpretivist philosophy was chosen because this research is not about measuring a direct numerical relationship between variables, but rather an understanding and interpretation of the broader influence of digital technologies. The research aims to shed light on the impact of smart ticketing and AI-driven scheduling solutions on operational efficiency, passenger satisfaction, and organisational practices in the UK railway industry. A positivist approach was not chosen as positivism is primarily concerned with objective measurement, statistical testing and determining cause-and-effect relationships. Given the research is conducted through a process of analysis of existing academic evidence, industry perspectives and policy documents, an interpretivist approach is more appropriate as it will enable the exploration of different meanings, experiences, and contextual factors relating to digital transformation.

[bookmark: _Toc234608498]3.3 Research approach
There are two types of research approach including deductive and inductive.  Deductive research starts with a theory or hypotheses and tests them against the empirical evidence, while inductive research bases new theories on observations and findings (Fife and Gossner, 2024). In this study an inductive approach has been initiated. This research is not designed to test a specific theory but rather aims to explore and analyse current evidence about the use of a smart ticketing system and AI based scheduling systems within the UK rail industry. The study will systematically analyse and synthesise information from academic research, government policies, and industry reports to uncover common trends and issues concerning operational efficiencies, customer satisfaction, service reliability and organisational problems.
[bookmark: _Toc234608499]3.4 Research design
Research design is a general plan used in conducting research to guarantee that the research purpose is taken care of systematically (Rodgers and Yee, 2023). In this research, the design is qualitative research exclusively obtained from secondary data sources. Qualitative research can provide valuable insights during in-depth investigation of the complexity of an issue, when grasping the context is relevant and when investigating relationships or interactions between concepts. Research is not on the numerical relationship between the smart ticketing and the AI-based scheduling system, and the results of the research will enhance the performance and experiences of the rail industry, but it will not seek to provide a numerical measure. Hence qualitative designs are found to be suitable. In this instance, a secondary research strategy has been chosen as it allows for the researcher to have access to a vast selection of academic and professional scholarship of others. The field has a sizable repository of information regarding digital innovation in transport systems, which can be found in previous studies, policy reports and industry publications. 
To conduct a clear and logical source selection process, inclusion and exclusion criteria were used. Inclusion criteria included peer-reviewed journal articles, government publications, industry reports and academic research articles, published predominantly in the past decade. The sources were chosen if they explicitly discussed digital transformation, smart ticketing systems, or artificial intelligence applications, railway operations, or passenger experience or transport innovation. A preference was placed on sources that were relevant to the UK railway sector, to ensure these were relevant to the research context. Sources were excluded if they were not recent, if they were not about railway digitalisation, if the source was not academic or if the source was not in the transport industry, but had relevance to an industry that was not relevant for the railway. This approach provided a means of ensuring the reliability and consistency of the evidence selected with the research objectives.

[bookmark: _Toc234608500]3.5 Data collection methods
All data collected in the study is secondary data. Secondary data are information that has already been collected, analysed and published by other researchers, organisations or institutions for other purposes that might be different from the purpose of the current research (Cheong et al., 2023). Secondary data will be drawn from various sources for ensuring comprehensive coverage of research topic. You will find in-depth theoretical and empirical evidence of technologies on academic journals covering the topics of digital transformation, smart ticketing systems, Artificial intelligence in transportation, and transportation management. This data will be gathered by searching academic sources like Google Scholar, Scopus, ScienceDirect, Emerald Insight, and the university's virtual library. Some phrases that will feature on the list of keywords include ‘smart ticketing’, ‘artificial intelligence in railways', ‘digital transformation in transportation', ‘rail operational efficiency', ‘customer experience in rail transport,' and ‘UK rail industry innovation'.
[bookmark: _Toc234608501]3.6 Sampling strategy
The selection of material that is to be used in a study is called sampling (Ganesha and Aithal, 2022). Due to secondary data being used for the research, purposive sampling will be used. Purposive sampling is one of non-probability sampling methods, when each source is chosen because he/she has something relevant to the research aim (Gierczyk et al., 2023). This method is suitable due to the study's focus on smart ticketing systems, AI-based scheduling resources, and how the rail industry is transforming through digitalisation in the UK. The selection of criteria for inclusion will include peer-reviewed journal articles, published government documents, industry reports, and policy documents within the past decade. Sources can be about technologies, railway operations, customer experience or artificial intelligence applications, related to transportation. 
The sampling procedure was purposive and used selection criteria to ensure that the data collected were relevant. Sources were selected based on their connection with the research questions and their contribution towards understanding smart ticketing and AI-based scheduling systems. The study is based on information published in English only as it is a study of the UK railway situation and the information needs are therefore subject to a degree of interpretation to be accurate. Academic articles and government reports and industry publications were included, but opinion articles, non-academic websites, and sources where authorship was not made clear were not included. These criteria guaranteed that the materials selected were able to give insightful and valid information for the thematic analysis.

[bookmark: _Toc234608502]3.7 Data analysis method
Thematic analysis method will be used in analysing the collected data. Thematic analysis is a qualitative data analysis technique that helps to identify, organise and interpret common patterns or themes in the data (Christou, 2022). Thematic analysis is well suited for secondary qualitative research that enables the researcher to synthesise data from a variety of sources and establish common themes. The analysis process will be a multi-stage process. The first step is the full and thorough analysis of the literature and documents, to familiarise oneself with the data. Secondly, concepts, results, and observations will be coded based on their level of relevance for the research objectives. Thirdly, codes will be aggregated into themes which are related. Thematic analysis can be flexible and still be a methodologically rigorous approach. It allows the researcher to draw meaningful and significant conclusions from the qualitative complex data within the study and explain the benefits and use of smart ticketing and AI driven scheduling in the UK rail industry.
The thematic analysis was used in accordance with the six steps of the process. The first step was to get acquainted with the sources gathered by reading them repeatedly and reviewing information. The second step entailed the initial coding of the research goals, including the sub-areas of operational efficiency, customer satisfaction, digital accessibility and implementation challenges. The third phase of this process was to cluster related codes into overarching themes. The fourth step was to review and rework themes to ensure that they adequately captured the evidence gathered. The fifth stage was determining and naming the final themes and the sixth stage was creating the final analysis by relating the themes found to the research problems and existing literature.

[bookmark: _Toc234608503]3.8 Reliability and validity
There is a need to consider the reliability and validity for research quality. Reliability is defined as consistency of research results, and validity as accuracy and the credibility of the conclusions that are drawn (William, 2024). Data from academic research will be contrasted with government reports and industry studies to confirm the results of that research, and to look for recurring trends. In addition, having several sources will provide a lessened chance of using incomplete or biased information.
Several quality assurance techniques were used to enhance the reliability and validity of this study. First, credible academic sources, peer-reviewed journal articles, government sources as well as recognised industry reports were considered. Secondly, triangulation was used by checking findings from various sources for consistency of data and to limit the effects of bias from individual sources. A comparison of academic research results and industry and policy documents was conducted, for instance, to determine if similar results were found. In addition, a log was kept documenting the source selection process, keywords selection and the decisions for thematic coding to enhance transparency and systematic research process.

[bookmark: _Toc234608504]3.9 Ethical considerations
Thus, even if the research is conducted without de novo data, there are ethical issues, as defined above, that must still be considered. Since the study does not involve human participants, issues such as informed consent and participant confidentiality are not applicable. Ethical research will be adhered to during the research, but part of that remains. Proper referencing and acknowledgment will be followed and sources used will be Harvard referenced. Only publicly available and credible sources will be used. The researcher will make sure that the results are reported in an accurate manner without being selectionist or in any way misrepresenting the information.
[bookmark: _Toc234608505]3.10 Limitations of the methodology
The methodology used, although of benefit, has some drawbacks. Depending on secondary data, the researcher is not responsible for the processes used in the collection of the initial data. The value of findings thus will be determined by the value and reliability of the sources selected. The UK rail industry recently underwent a few changes potentially not captured in academic research. There is therefore a degree of loss of comprehensiveness of some emerging trends. Thirdly, industry reports can have an organisational bias, which makes digital transformation projects look better than they really are.
[bookmark: _Toc234608506]3.11 Conclusion
In this chapter, methodological approach to the study has been given. The philosophy used is interpretivist, the approach used is inductive, the data used is secondary and the data design is qualitative. Relevant information will be collected and analysed using purposive sampling and thematic analysis, from academic, governmental and industry sources. The chapter has also addressed issues of reliability, validity, ethics and methodological limitations. The methodological decisions made offer a strong foundation for tackling the objectives of the research and deriving significant insights from the study on how digitalisation affects the rail sector.




[bookmark: _Toc234608507]4. Chapter 4 Analysis of data and discussion of results 
[bookmark: _Toc234608508]4.1 Introduction
The results are presented from the secondary analysis of qualitative data gathered from academic journals, industry reports and policy documents covering digital transformation in the UK railway sector, with a thematic approach as defined below used to identify the underlying themes within this body of qualitative data. For this research, the study design was developed as qualitative research and secondary data sources were used (as discussed in Chapter 3), and data was analysed to find the common patterns and themes of smart ticketing systems and AI-based scheduling technologies. The processing of the data was done in relation to the four objectives of research of the study. The themes identified were smart age ticketing, the role of AI scheduling in improving operational efficiency and reliability, digital technologies on passenger satisfaction and experience, and viability/migration challenges for digital rollout in the UK railway sector. The findings obtained from the thematic analysis are presented below, complemented by a discussion which integrates the findings with the literature searched in Chapter 2.
[bookmark: _Toc234608509]4.2 Analysis of Data
[bookmark: _Toc234608510]4.2.1 Development and implementation of smart ticketing systems in the UK rail industry
The initial theme emerged from the collected secondary data, which is around the development and deployment of a smart ticket system in the rail industry of the UK. From the findings it is concluded that the smart ticketing is one of the most important factors which has transformed the ticket purchasing and validating process (Gil and Vallejo, 2024). According to the data analysed, railway companies are shifting from a paper ticket system towards electronic systems that depend on contactless bank cards, mobile applications, QR codes and electronic transport systems (Pavlović et al., 2024). A major conclusion drawn from several sources is that smart tickets enhance the convenience of passengers, which makes them able to buy ticket quicker, and get railroad information and rely less physically on the ticket office.
It also reveals the operational advantages for railway organisations when utilising smart tickets. In digital systems, the number of physical tickets (physical tickets) printing, management and control are minimised. Further, using smart tickets, railway companies may gain valuable insights into how passengers are moving and then use this information to plan for future services. But there was an overall understanding that the implementation is not equally effective throughout the UK railway network. Having significant differences between the operators makes it hard to have an integrated ticketing system. The other key finding is that age dependency on digital platforms can result in accessibility issues for passengers who are less skilled with digital platforms and less likely to have smartphones or online methods of payment (Durand et al., 2022). Therefore, the use of smart tickets has improved railway services, making them more convenient and efficient, but not all benefits of smart ticketing have been realised when smart ticketing is not fully integrated between all operators and not all passenger groups. This is significant because it exemplifies the fact that digital transformation doesn't just happen at a technology level, it is about inclusivity and coordination across the system. The evidence indicates that innovation and accessibility play a crucial role in the ability of a ticketing system to be considered a smart ticketing option, with a balance necessary to ensure that all passengers will be able to benefit from digital services. The results focus on addressing the development and implementation of smart ticketing systems in the railway sector in the UK, directly related to Research Objective 1.

[bookmark: _Toc234608511]4.2.2 Application of AI-based scheduling systems for operational efficiency and service reliability
The second theme identified is on artificial intelligence-based scheduling systems to enhance railway operations. Based on the analysed data, the implementation of AI technologies offers promising potentials in terms of enhancing decision making, optimizing resource usage and improving service reliability. The results indicate that AI systems can review vast amounts of operational data and generate quicker and more effective solutions than conventional manually driven scheduling processes (Kokkinis et al., 2024). The scheduling capabilities of AI can help railway organisations respond, such as by adapting train runs and managing disruption and timetable planning. One of the key results of the analysis is the significance of predictive powers. Railway operators can implement maintenance activities earlier since the potential technical failures can be detected by AI technologies before the incident events occur (Alawad, 2022). This minimises the risk of services being interrupted and continuity of operations. The study further points to AI playing a role in improving the utilisation of resources. AI can assist with various aspects of the decision-making process, such as optimising staffing and train frequency, energy optimisation, and infrastructure performance analysis based on passenger demand data, operational conditions, and infrastructure performance.
Despite the advantages offered by AI, the results show that technology readiness needs to be great to implement AI. Limited digital capability and outdated infrastructure coupled with poor quality data can impact how well an AI system can perform (Van Hoang, 2024). While AI offers substantial potential for enhancing railway performance, the value it can bring also relies on the organisation's readiness, investment, and data quality. This analysis shows how AI can provide benefits to more than just an efficient operation and its insights can guide proactive decision-making and minimise service disruptions. This is a significant finding as it emphasises that without the necessary infrastructure and organisational skills, technology is not a key enabler for railway transformation. These results directly impact Research Objective 2 by assessing the performance of AI-driven scheduling methods for increasing service reliability and operational efficiency.
[bookmark: _Toc234608512]4.2.3 Impact of smart technologies on passenger satisfaction and experience
The third theme is looking at impact of digital technologies on passenger satisfaction and overall travel experience. The results suggest that passenger experience through smart technologies is related primarily to the increased convenience, better communication and service reliability (Rubio-Andrada et al., 2023). The analysis finds that smart ticketing helps passengers to carry them out their travel-related activities more smoothly. Time and convenience were saved by the passengers as they were able to purchase the d-tickets and use the mobile journey management and contactless access. Additionally, the results reveal that AI scheduling indirectly impacts on a passenger's satisfaction through the benefits of its ability to enhance on-time performance and minimise delays (Buisan Schiaffino, 2025). There are several aspects that affect passenger-quality of the rail service, one of the most important being reliability; better operational performance can therefore help to improve passenger perceptions of the railway. One more conclusion, drawn from the data analysed, is that real-time communication is vital. By utilising digital systems, operators can now communicate delay information to passengers as well as alternative routes and changed services in real time to passengers.
But there are also negative possibilities pointed out as shown in the study. Digital services can lose passenger trust due to technological failure, application failures and digital payment problems (Ankrah et al., 2024). In addition, there is the potential for passengers who are not as geeky and comfortable with technology to struggle with fully going digital railway service. Thus, digital technologies have the potential to enhance the satisfaction of its users, although without reliability, simplicity, and accessibility, digitisation can only fall short of this objective. The findings indicate that passengers appreciate the benefits of digital innovation it has to offer when it brings them convenience and communication, yet when it fails when it comes to technology and exclusion, it reduces passengers' trust in railway services. This is important because the success, or not, of digital transformation will be decided by how passenger acceptance is. This will directly contribute to Research Objective 3 in evaluating how smart technologies can influence the satisfaction of passengers and their travel experience.
[bookmark: _Toc234608513]4.2.4 Feasibility and organisational challenges of digital transformation
The fourth theme found is about the organisational hurdles in the UK railway sector to achieve digital transformation. The results show that an organisational shift in culture as well as skills and management practices is needed to achieve digital transformation along with it, not just a shift in technology (Bozkus, 2023). One key conclusion is that employee resistance has a potential to affect digital transformation projects. On the other hand, employees might have doubts about how AI and automation will affect their roles, making adoption challenging. Financial problems also are brilliantly exposed in the analysis. The introduction of smart ticketing infrastructure, AI systems and cybersecurity measures will require a considerable investment (Taha et al., 2025). These costs may pose a challenge for smaller railway producers. Other key issues highlighted through the analysed data was cyber security. Risks arising from data protection, system failures and cyber-attacks are increased due to increasing digital dependence. So, the governance structures and security measures of railway organisations must be robust (Tomo et al., 2024). The analysis shows that a digital transformation project needs more than technology investment, it also needs employee engagement, financial investment and management practices. This discovery is relevant, as it shows that not only technological aspects, but organisation also plays a key role in the effectiveness of digital efforts. Additionally, the evidence indicates that cybersecurity issues and employee job security concerns may be strategic considerations when implementing. These findings directly address Research Objective 4 and provide insight into the key organisational challenges regarding digital transformation in the UK railway sector.
[bookmark: _Toc234608514]4.3 Discussion Linked with Literature
This study's results show some similarities to previous work in digital transformation in the railway sector. In the context of smart ticketing, the findings align with those of Nakkala et al. (2025), who have found that digital ticketing systems enable better accessibility and convenience by eliminating the need for paper-based tickets. The results continue this argument by revealing that in addition to being technologically skilled, the utility of smart ticketing requires synergy between railway operators and its accessibility to various classes of passengers. The operational efficiency and the use of AI for scheduling align with the insights provided by Soofastaei (2025), who proposed that AI can enhance railway operations by leveraging predictive analytics and automated decision-making processes. The present study confirms this perspective as it identifies that AI systems are used to enhance disruption management, maintain planning and resource allocation. The results also demonstrate, however, that infrastructure issues can pose restrictions on the use of advanced digital technologies, in line with the arguments put forward by Habib et al. (2022) that the lack of appropriate transport infrastructure can be a barrier to the use of advanced digital technologies.
The analysis spells out that digital transformation efforts need more than just technology investment, they also rely on the employee's quest, financial investment and effective management practices. This is significant as it proves organisational drivers are as powerful as technological strengths when it comes to success for digital projects. The evidence further indicates that cybersecurity risk and career issues could be strategic considerations when undertaking implementation. The report directly responds to Research Objective 4 with a focus on the challenges for key organisations related to digital transformation in the UK railway sector.

The previous studies also show the aspect of how digital technologies affect the satisfaction of passengers. The results corroborate the study by Taha et al. (2025), which indicated that the advantages of digitalism can be seen as enhancing the passenger experience by bringing convenience and better service delivery. In turn, the role of communication during disruptions identified in this research adds to those of Mirindi (2024), who found that disruptions generated a real-time information which positively impacted passengers' vantage of service quality. The results also highlight concerns previously expressed about digital exclusion in the literature, though. Nguyen (2026) stated that vulnerable passengers could experience difficulties with digital systems and the findings from this analysis support this proposition, showing accessibility to be an important factor for the successful implementation of smart technology for passengers. These indicate some support for the previous concerns over digital exclusion but also increase the focus on the reliability and ease of use of digital systems which have not been strongly validated in previous studies.
This study's points regarding the challenges of organisation are like the ones done by Chychun et al. (2023) who highlighted the need for change management and workforce training. The findings were consistent in that technology is not enough for a successful transformation the need to invest funds in technology, to protect against cyber-attacks, and to engage employee support was also paramount. The results are about as expected and seem to have a high degree of support in the literature but are also pointing to a need for a more balanced view of digital transformation. AI and smart ticketing technologies offer tremendous potential to enhance the performance of the UK railway network; however, understanding the operational, organisational and social implications will drive their successful implementation. This evidence builds upon prior research on organisational change and further contributes to the discussion by illustrating the independencies between technologies as well as between the readiness of the workforce and the management of cybersecurity in railway digitisation initiatives.

[bookmark: _Toc234608515]4.4 Chapter summary
The findings obtained from secondary qualitative data presented were analysed in this chapter into four themes relating to the research objectives. The analysis revealed that smart ticketing systems increased the passenger convenience level and the cooperativeness of users, while the AI scheduling system optimised railway reliability, decision-making and resource management. The results also indicated that digital technologies have a positive effect on passenger satisfaction when related to the areas of accessibility and communication, as well as service quality and communications. Some barriers, such as digital exclusion, infrastructure constraints, resistance from employees, funding needs, and cybersecurity concerns are still significant, however. 














[bookmark: _Toc234608516]5. Chapter 5: Conclusion and Recommendations
[bookmark: _Toc234608517]5.1 Conclusion
This project explored the impact of digital transformation on enhancing passenger satisfaction and operational efficiency within the UK railway sector, highlighting the implementation of smart ticketing solutions and automation with AI tools for scheduling. This study was carried out with a qualitative research method of secondary data collection from academic journals, industry reports and government publications. To answer the research, aim and objective, thematic analysis technique was used to get the main pattern in the literature. The analysis identified four main themes: smart ticketing systems, smart scheduling, smart technologies and impacts on passengers, and organisational challenges and issues related to digital transformation. The first aim of the study was to explore the smart ticketing system in the UK railway sector. The results showed that the introduction of smart ticketing has led to innovative methods in ticketing and validating them, attaining an e-ticket to substitute a paper ticket, via the usage of mobile applications, contactless payment cards and QR codes. These technologies ease the travel services and reduce wait times, making them more convenient. The study also revealed that the use of smart tickets can help railway companies save time and money in their administration and can give them a wealth of passenger data for future use. 
The second aim delved into how AI-driven scheduling tools enhance operational efficiency and service reliability. The study revealed that AI technologies add to the efficiency of railways by predictive maintenance, disruption management, timetable optimisation and resource allocation. These features enable a railway company to be more effective in responding to operational challenges and enhance reliability and shorten downtime. Simultaneously, a study by the team revealed that key factors in achieving the successful deployment of AI are organisational readiness, investment in digital infrastructure, and the availability of accurate operational data. Even though AI offers tremendous potential, outdated systems and lack of data quality and digital capabilities continue to pose obstacles. This illustrates that technological innovation is not enough if not supported by the appropriate organisational support. The third objective concerned the effects of smart technologies on passengers' satisfaction and travellers' experience. 
The final aim was on the organisational issues of digital transformation within the UK railway sector. Research revealed barriers such as employees' lack of receptivity in change process and difficulties in implementing technologies, cybersecurity risks, as well as good leadership and change management. Creating a successful digital transformation is not all about the money, it is just as much about your workforce training, employee engagement, and good governance formation. A key takeaway from the findings is thus the indisputable fact that the success of a digital transformation project is dependent on organisational skills, as well as technological skills. 
[bookmark: _Toc234608518]5.2 Strengths and Limitations of the Study
This research has several strengths in that it uses many up-to-date academic journals, industry reports and government publications. The multiple use of high-quality secondary sources gave an accurate and detailed account of the concept of digital transformation in the rail industry in the UK and enabled examination from different perspectives. The qualitative thematic analysis then allowed for the identification of repetitive themes that were directly tied to the research goals and proved to be useful when deduplicating industry insights related to today's industry landscape. A further advantage of the study is that it considers both operational results and customer results to be significant. The study, which analysed different aspects of digital transformation, considered both the organisational and operational dimensions, as well as the passenger experience. This wider perspective can provide a well-rounded view of the effect of digital technologies on railway operations.
[bookmark: _Toc234608519]5.3 Recommendations
Based on the results of this research, some recommendations would be proposed to enhance digital transformation in the railway industry in the UK. There needs to be increased integration of railway operators in an integrated smart ticketing system across the national rail network. While digital ticketing has enabled to improve convenience and efficiency, there are still differences in the ticketing process among operators that pose passenger convenience issues. A unified system could make it easier to buy tickets, make the various trains interoperable, and provide a smoother traveling experience between the different train companies. Implementing AI-based scheduling systems demands consistent investments in digital infrastructure, including advancements in data collection and processing. However, the effective rollout of AI-driven scheduling also necessitates ongoing investments in digital infrastructure and data management practices. Railway organisations need to reform their legacy systems and ensure their operational data is of high quality for the realisation of the maximum value of artificial intelligence. Training is also essential to reinforce digital skills and boost confidence in embedding AI supported processes amongst employees, alongside technological investments. A positive change management would also work to mitigate employee resistance and increase acceptance of digital innovation.
Accessibility and inclusiveness in the digital world should always be an important part of the Digital transformation. Although there are numerous passengers that can benefit from smart technologies, there are many people who still experience problems due to limited digital skills and reduced access to smartphones and internet payment. Ensuring the continuity of other channels of ticket sales and ensuring customer support for difficult-to-reach passenger groups will increase digitalisation accessibility and inclusive to all users.
Additional research would be beneficial in consolidating the existing knowledge by obtaining primary data from railway managers, employees, and passengers. 
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