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accessibility, data analytics, and interaction with mobile apps and the
Internet of Things (10T). The review emphasises how STMs improve
transportation networks' operational effectiveness, passenger satisfaction,
and sustainability. User acceptability and satisfaction, with an emphasis on
usability, dependability, and a variety of payment choices, are critical
variables determining the success of STMs. Implementation case studies
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and hurdles to user adoption. Enhanced personalization and customization
capabilities, advanced analytics and predictive modelling, seamless
integration with smart city initiatives, user-centered design and
accessibility improvements, sustainability considerations, and further
integration with mobility platforms are some of the future research
directions. The functionality, usability, and integration of smart ticket
machines in transportation systems will develop by addressing these limits
and pursuing future directions, encouraging effective, user-friendly, and
sustainable ticketing solutions. For academics, practitioners, and
stakeholders engaged in the design, deployment, and development of
Smart Ticket Machines, the findings of this literature study offer

Article History invaluable insights.

Article Received: 05 September 2021

Revised: 09 October 2021 Keywords. Smart Ticket Machines, automated ticketing, transportation,
Accepted: 22 November 2021 user acceptance, implementation case studies, technology, security,
Publication: 26 December 2021 accessibility, data analytics, integration.

Vol. 70 No. 2 (2021) 1776

http://philstat.org.ph



Mathematical Statistician and Engineering Applications
ISSN: 2094-0343
DOI: https://doi.org/10.17762/msea.v70i2.2470
. Introduction

As self-service kiosks or vending machines that streamline the ticketing and fare collecting
procedures, Smart Ticket Machines (STMs) have drawn a lot of interest in the transportation
industry. They provide a simple, automated way for customers to buy tickets, minimising the need
for human ticketing staff and enhancing operational effectiveness. The main study conclusions and
STM-related discoveries will be outlined in this literature review. User Acceptance and
Satisfaction: Several research have looked into how well users of STMs are received. According to
research, characteristics including usability, dependability, ticket processing speed, and the
availability of several payment choices affect user approval. Positive user experiences raise
consumer satisfaction and adoption rates, which boosts the utilisation of public transport networks.

Implementation and Case Studies: Several case studies have been carried out to assess how well
STMs have been implemented in various transportation networks. These studies shed light on the
advantages, difficulties, and results of implementing STMs. They draw attention to increased
ticketing effectiveness, shorter lines, better revenue collection, and possible cost savings. Case
studies frequently look at how STMs affect passenger perceptions and experiences. Technology and
Architecture: Hardware, software, communication protocols, and system architecture are some of
the technological facets of STMs that have been studied by researchers. Studies investigate STM
architecture options, scalability, security controls, and interaction with current transportation
infrastructure. These studies aid in the creation of dependable and strong STMs that can manage
massive ticketing operations.

Due to the financial nature of STM transactions, security and fraud protection are important factors
to take into account. Secure payment processing, authentication systems, encryption methods, and
tamper resistance are some of the subjects of research. These investigations seek to safeguard
against fraud and assure the accuracy of ticketing systems. Accessibility and Inclusivity: In order to
accommodate people with impairments and a variety of user groups, research have focused on the
accessibility characteristics of STMs. Research examines accessibility standards compliance,
alternate input methods, and interface usability. The user experience is improved and equitable
access to transport services is promoted by ensuring that STMs are inclusive.

Data analytics and performance evaluation: Researchers have looked into how STM data is used for
decision-making and performance evaluation. In order to improve transportation services, studies
examine the monitoring of passenger flow patterns, ticket sales information, and other operational
indicators. Resource allocation, service planning, and overall system performance are all improved
by using data analytics. Integration with Mobile Applications and IoT: As mobile applications and
the Internet of Things (IoT) have grown in popularity, research has examined how STMs may be
integrated with these emerging technologies. Features like real-time information updates,
personalised services, and smooth interactions between customers and ticketing systems are made
possible by this interface.

An extensive overview of the research on smart ticket machines is given in this review of the
literature. The studies under examination address data analytics, user acceptability, technological
factors, security measures, implementation case studies, accessibility concerns, and integration with
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mobile applications and IoT. Future studies in this field may look more closely at cutting-edge

technology and assess how STMs will affect urban mobility, passenger behaviour, and

transportation in the long run. A thorough assessment of the literature using current research articles
will offer more focused and up-to-date views on the subject.

1. Emerging Trends

Researchers are investigating new trends and potential possibilities for Smart Ticket Machines as
the transport industry develops further. Some topics of interest are:

The integration of contactless and mobile ticketing options into smart ticket machines is becoming
more and more important as contactless payment methods and mobile devices gain popularity. Near
Field Communication (NFC), Quick Response (QR) codes, and mobile applications are being
studied in order to provide travellers with seamless ticketing experiences.

Artificial Intelligence and Machine Learning: In the context of Smart Ticket Machines, the fusion
of artificial intelligence (Al) and machine learning (ML) approaches is receiving interest. In order
to analyse ticketing data, forecast passenger demand, optimise tariff structures, and boost
operational effectiveness, researchers are looking at the usage of Al and ML algorithms.

Personalization and Customization: Another area of focus is tailoring ticketing experiences to
individual preferences and travel habits. On the basis of passenger profiles and past travel
information, studies are looking into ways to provide personalised suggestions, bespoke ticketing
options, and real-time trip updates.

Smart ticket machines are being looked at in the context of Mobility-as-a-Service (MaaS)
ecosystems in general. To provide passengers with smooth and integrated mobility experiences,
research focuses on integrating STMs with other transportation modes and services, including as
ride-sharing, bike-sharing, and car-sharing platforms.

Sustainability and green initiatives: Researches are looking at how Smart Ticket Machines affect
the environment and how to encourage sustainable transportation methods. This include
streamlining ticketing procedures to save energy, promoting paperless ticketing choices, and
increasing public transportation use through rewards and incentives.
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Figure.1 Proposed Smart Ticket Machine

We have a system named "Smart Ticket Machine" represented by the Smart Ticket Machine
component in the component diagram. The primary operations of the ticket machine, including
ticket sales, are handled by this part.

Ticket Printer and Payment Gateway are two components that the Smart Ticket Machine
component depends on. The hardware or software responsible for creating digital tickets or printing
actual tickets is represented by the Ticket Printer component. It is utilised by the ticket dispenser to
provide consumers tickets.

The interface that manages the ticket machine's payment processing is represented by the Payment
Gateway component. In order to safely conduct the users' payment transactions, it communicates
with other systems like the Payment Service.

The Ticket Database component, which represents a storage system that houses data on the tickets,
fares, and other pertinent information, is also a need for the Smart Ticket Machine component. To
acquire ticket information and update pertinent data as needed, the ticket machine communicates
with the database.

The Payment Service, which stands for an external service that manages the actual payment
processing, including verifying payment information, authorising transactions, and collecting
payments, is another component of the Payment Gateway that is dependent on it.

The component diagram shows the key parts of the Smart Ticket Machine system as well as how
they relate to one another and other systems. During the design and development phase, it facilitates
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communication and system comprehension by helping stakeholders comprehend the overall

structure and interactions between the components.
IV.  Evaluation Metrics and Performance Indicators:

Researchers have suggested a variety of assessment measures and performance indicators to
evaluate the efficacy and efficiency of smart ticket machines. These measures may include the time
it takes to complete transactions, the success rate of ticket purchases, user error rates, system
availability and dependability, the precision with which revenue is collected, and customer
satisfaction surveys. Standardised assessment frameworks may be used to evaluate various Smart
Ticket Machine implementations and pinpoint potential areas for development.

Integration with Fare and Revenue Management Systems: To ensure precise fare computations,
revenue monitoring, and reconciliation, Smart Ticket Machines are frequently connected with fare
and revenue management systems. Studies on the integration of STMs with these systems have
emphasised the need of frictionless data synchronisation and interchange to preserve the integrity of
financial transactions and reporting.

Cybersecurity and Privacy: Protecting cybersecurity and privacy is essential because Smart Ticket
Machines gather and handle sensitive financial and personal data. To protect user data and limit
unauthorised access, research has concentrated on detecting possible weaknesses, creating secure
communication protocols, and putting data protection measures in place.

Interoperability and Standardisation: Researchers have emphasised the significance of
standardisation in order to facilitate interoperability across various transportation networks and
systems. To assure compatibility, encourage smooth ticketing across numerous forms of
transportation, and ease intermodal travel, studies have looked at the establishment of common
standards and procedures for Smart Ticket Machines.

Beyond the technological considerations, academics have looked at the social and economic effects
of smart ticket machines. Studies have looked at how STMs affect traveller patterns, traffic flow,
revenue production, and economic feasibility. To provide equal access to transport services, the
affordability and accessibility of STMs for all socioeconomic categories have also been looked into.

V. Smart Ticket Machines and Multimodal Transportation:

One of the main areas of research is the integration of smart ticket machines with multimodal
transportation networks. In order to give passengers easy and effective travel alternatives,
multimodal transportation refers to the seamless integration of numerous modes of transportation,
such as buses, trains, trams, and ferries. Studies have looked into the design of smart ticket
machines to support multimodal travel, allowing customers to buy tickets for several forms of
transport with a single device or card. The usage of public transit is promoted by this integration,
which improves the entire travel experience.

Real-time information and dynamic pricing: Studies have shown that smart ticket machines can use
real-time information to optimise ticket prices and charge structures. STMs are able to dynamically
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alter ticket pricing based on variables including passenger demand, traffic conditions, and service

availability to encourage off-peak travel, improve capacity utilisation, and increase income. This
dynamic pricing strategy can balance passenger demand, increase service effectiveness, and support
environmentally friendly transportation methods.

Usability and User Interface Design: When creating Smart Ticket Machines, usability and user
interface design are key factors to take into account. Studies have concentrated on streamlining the
ticket purchase process, optimising the usability of user interfaces, and ensuring that consumers
receive clear instructions and prompts. User-friendly STMs that meet the many demands of
passengers have been developed using human-centered design methodologies, such as user testing
and iterative design procedures.

Smart Cities and Smart Ticket Machines: Smart Ticket Machines are frequently mentioned in the
context of larger smart city efforts. Utilising technology and data, smart cities strive to improve
urban infrastructure, lifestyle, and sustainable development. By integrating with intelligent transport
systems, exchanging data with local authorities, and supporting efforts like congestion
management, mobility planning, and demand-responsive transport services, research has examined
how smart ticket machines may contribute to the aims of smart cities.

VI. Conclusion

STMs automate ticketing and fare collecting in transportation. This literature review covers Smart
Ticket Machine research on user acceptance, implementation case studies, technology and
architecture, security, accessibility, data analytics, integration with mobile apps and IoT,
limitations, and future directions. Smart Ticket Machines can boost operational efficiency,
passenger satisfaction, and transportation sustainability, according to studies. User acceptability and
satisfaction depend on simplicity of use, dependability, and different payment choices, according to
studies. Positive user experiences boost public transit uptake and satisfaction. Hardware, software,
system architecture, and communication protocols have been studied. These studies helped create
dependable Smart Ticket Machines for large-scale ticketing operations. Secure payment processing,
authentication, and encryption have also been studied to prevent fraud and protect ticketing
systems. Studies have considered accessibility for disabled people and varied users. To make Smart
Ticket Machines inclusive and accessible to all passengers, research has evaluated interface
usability, alternate input methods, and accessibility guidelines. Research on STM data analytics and
performance evaluation has optimised transport services. Passenger flow, ticket sales, and other
operational parameters have enhanced resource allocation, service planning, and system
performance. Mobile ticketing, real-time information updates, and personalised services have been
integrated with mobile apps and loT to improve passenger experience. Smart Ticket Machine
research has limits. The absence of long-term studies, data privacy problems, cost and maintenance
challenges, and user adoption hurdles need more research. Addressing these limits will help us
comprehend Smart Ticket Machines and their effects on transportation networks. Several promising
research directions exist. These include improved personalization and customization to meet
passenger needs, advanced analytics and predictive modelling for optimised fare structures,
seamless integration with smart city initiatives, user-centered design and accessibility
improvements, and sustainability considerations to reduce environmental impact. Researchers and
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practitioners may improve Smart Ticket Machine functioning, usability, and integration into current

transportation systems by addressing these limits and looking ahead. This will improve urban
mobility, public transit use, and passenger satisfaction. Smart Ticket Machines might transform
transit ticketing and fare collecting. Existing research gives useful insights into user acceptability,
implementation case studies, technological issues, security measures, accessibility concerns, data
analytics, and integration with mobile applications and IoT. Smart Ticket Machines can become
vital parts of smart and sustainable transportation networks if players in the transportation sector
overcome the limits and pursue the future paths highlighted in this literature analysis.

VII. Limitations:

Limited Generalizability: The conclusions of many research on Smart Ticket Machines may not be
applicable to other transportation systems or geographic areas. The efficacy and acceptance of
smart ticket machines can be influenced by various situations, infrastructures, and user
demographics.

Lack of Long-Term Studies: The majority of research on Smart Ticket Machines has been on pilot
projects or short-term assessments. There aren't many long-term studies that evaluate STM
performance and impact over protracted time periods. Such investigations would offer insightful
information about the resilience and long-term advantages of Smart Ticket Machines.

Smart ticket machines capture financial and personal information from passengers, which raises
privacy issues. Important issues that require additional investigation include ensuring proper data
protection measures and resolving privacy hazards related to data storage and processing.

Cost and Upkeep: Installing and maintaining smart ticket machines can be very expensive at first.
For transportation authorities and operators, constant maintenance, software upgrades, and
infrastructure compatibility can pose financial and logistical difficulties.

User Acceptance and Adoption of Smart Ticket Machines: Cultural preferences, technological
comfort level, and technological barriers can all have an impact on how well users accept and
embrace smart ticket machines. According to studies, some user groups, such as elderly folks or
people with low levels of computer literacy, may have trouble utilising STMs efficiently.

VIIl. Future Directions:

Integrating Smart Ticket Machines with Mobility Platforms: Future study can investigate further
integrating Smart Ticket Machines with mobility platforms and apps, providing seamless ticketing
experiences across various modes of transportation. This integration can increase multimodal travel
alternatives, boost trip preparation, and encourage the adoption of environmentally friendly
transportation options.

Enhancing Personalization and Customization: Researchers can look at ways to make Smart Ticket
Machines' personalization and customization capabilities better. To encourage passenger use, this
entails adjusting ticketing choices to reflect individual preferences, offering real-time travel
information and suggestions, and incorporating loyalty or rewards programmes.

Vol. 70 No. 2 (2021) 1782

http://philstat.org.ph



Mathematical Statistician and Engineering Applications

ISSN: 2094-0343

DOI: https://doi.org/10.17762/msea.v70i2.2470

Advanced Analytics and Predictive Modelling: Smart Ticket Machines can analyse passenger

behaviour, forecast demand trends, and dynamically optimise tariff structures by utilising advanced
analytics techniques and predictive modelling. This may result in better revenue optimisation, better
capacity planning, and more effective transportation operations.

Integrating Smart Ticket Machines Easily with Smart City Projects: Future study might concentrate
on integrating Smart Ticket Machines Easily with larger smart city projects. To do this, STMs must
be integrated with other smart systems, including those for parking, traffic control, and public
safety, to forge a complete and linked urban transportation ecosystem.

User-Centered Design and Accessibility: Ongoing research into user-centered design strategies has
the potential to make Smart Ticket Machines' usability and accessibility even better. In order to
improve the user interface and overall user experience, this involves taking into account the
requirements of various user groups, keeping in mind the universal design principles, and
performing iterative user testing.

Sustainability and green initiatives: Future study can look at methods to make Smart Ticket
Machines more sustainable, such using energy-efficient technology, encouraging paperless ticketing
choices, and integrating STMs with renewable energy sources. Sustainable design and operating
practises can be influenced by assessing the environmental effect and doing life-cycle analyses.
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