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Abstract ‘]

In the era of the Four i lution, digitalization and

implementation of emer are considered as the main drivers
of transformation i | various i strle The railway transportation industry is

no exception to th recise criteria to assess its maturity
level and i nd implementing Industry ¢, related
technologies f this research is to identify and present a
conceptual mode transportation industry maturity assessment

based on four i@n'industrial technologies. This study was conducted
systematic review of®Y scientific articles published between Y+ Yl and Y- Yo,
The article screeningh\process was based on precise evaluation criteria
including language poral scope, study conditions, research population,
and article types. The research results led to the development of a conceptual
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model comprising © main dimensions, Y\ indicators, and A¢ operational
codes, which include: Industry £,+ technologies in railway transportation,
digitalization challenges and barriers, cybersecurity and digital risks, practical
applications and performance improvement, and sustainability and
environment. The scientific validity of the results was confirmed with a Kappa
coefficient of +,A% and content validity of +,AY. This model provides a
comprehensive framework for evaluating and measuring the maturity level of
organizations active in railway transportation and can be used as an effective
tool for identifying strengths and weaknesses, and developing improvement
strategies in the digitalization path. JE

V. Introduction

In the era of the Fourth Industrial i igitalization and

of transformation in various industries. The railw ion industry is
no exception to this rule and requires preci i Sess its maturity
s to identify and
present a comprehensive el for the railway
transportation industry based ioRPIndustrial technologies
through systematic review ientifi es published between Y+ 1
and Y. Yo, \\

Y. Literature Rev'wv

The literat review\ve S e Fourth Industrial Revolution represents

a fundamenta i i industrial operations, management, and
service delivery. Thi n, centered on technologies such as the Internet
of Things ( ifi€ial intelligence (Al), big data analytics, cloud

computing, an er-physical systems, has caused profound transformations

V-. Industry ¢,+ Techn@logies in Railway Transportation

Recent studies demonstrate significant applications of Industry ¢+
technologies in railway systems. Laiton-Bonadiez et al. (Y+ YY) conducted a
systematic review of Industry ¢, technologies applied to rail transportation,
emphasizing the central role of these technologies in industry transformation.
Singh et al. (Y:YY) examined 10T applications for sustainable railway
transportation, showing that this technology plays a crucial role in equipment
condition monitoring, energy management, and passenger experience
improvement.



¥ OLKen 56310 b yler nio OWBI jas 33 by S § sk b3 (o380 S (> b

Y-. Challenges and Implementation Barriers

Research indicates that despite extensive opportunities, implementing
Industry £, technologies in the railway industry faces multiple challenges.
Carranza et al. (Y + YY) analyzed railway industry challenges, emphasizing the
importance of understanding the future railway industry through technology
integration and digitalization. Key barriers include legacy system integration,
substantial initial costs, organizational resistance to change, and digital skills
shortages.

Y- Cybersecurity and Risk Management J

The increasing digitalization of railway systems has created new challenges

increase in security threats concurrent with digitalizati critical nature
of railway infrastructure makes them attragtive
revealing the necessity for developing advanc

This research employed hqua ive ap h using Sandelowski and
Barroso's seven-stage mw i thod. The study population consisted
of AY scientific articles i n YY1 and Y.Yo, selected from
reputable internati@pal databa ing Scopus, Web of Science, IEEE
Xplore, and Scienc ect, s domestic databases such as SID,
Magiran, Civilica, and No

¢. Results

The results le
model comprising
codes.

elopment of a comprehensive maturity assessment
e main dimensions, Y\ indicators, and A¢ operational

-. Dimension \: Ind ¢,+ Technologies in Railway Transportation

This dimension encompasses four key indicators: 10T advancement degree in
railway infrastructure, Al maturity level in railway operations, big data
analytics sophistication in operational decision-making, and digital twin
technology evolution. These indicators cover essential technological
foundations including smart sensors embedded in rails, real-time equipment
monitoring systems, automatic fault detection algorithms, predictive
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maintenance systems, traffic analysis, and digital simulation of train
performance.

-. Dimension Y: Digitalization Challenges and Barriers

This dimension addresses four critical indicators: overcoming technical and
organizational barriers, sustainable financing for innovation projects, human
resource empowerment in digital domains, and standardization and scalability
maturity. Key operational codes include legacy system integration,
organizational resistance to change, substantial initial implementation costs,
staff training needs for advanced technologies, aJack of unified industry
standards.

Given the critical nature of railway infrastructu ludes four
essential indicators: indigenous security proto , operational
readiness against cyber threats, sensitiv protection and
management maturity, and business continuity sis management

readiness. Operational codes ption systems, multi-
stage access control pr i sponse teams, attack
simulation exercises, andﬂ

-. Dimension ¢: Practicah\p

This dimension fo%
through fo

management
enhancement ad
evolution. Ke
scheduling optim
train control systems

measurable results of digitalization
al process optimization maturity, asset
passenger experience and service

ion, smart fleet and resource management, and automatic

-. Dimension ¢: Sustajfability and Environment

This dimension addresses growing environmental concerns through four
indicators: energy consumption reduction and fuel optimization maturity,
renewable energy development advancement, pollution and environmental
impact management maturity, and sustainability standards compliance level.
Operational codes include brake energy recovery technologies, speed profile
optimization, solar panel installation at stations, and advanced noise pollution
reduction systems.
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. Discussion

The validation of results was ensured through multiple methods. Content
validity was reviewed by five experts (two railway industry experts and three
university professors specializing in Industry ¢,+) with at least Y+ years of
experience. The average content validity ratio was calculated as +,AY,
exceeding the threshold of +,Ye. Convergent validity assessment through
comparison with international standards showed A47 alignment. Inter-rater
reliability achieved a Cohen's Kappa coefficient of +,A%, while temporal
reliability demonstrated a Pearson correlation coﬁient of +,4Y,

1. Conclusion

The model's distinctive features include sci iveness based
on systematic literature review, practical applicabili entation in
operational environments, flexibility for adaptati
subject comprehensiveness covering all i
transformation, and evidence-based founda
findings.

utable research

For researchers, future

measurement tools for each
model testing, and exal gad
conditions. For railway mana
for organlzatlonal

eloping quantitative
cond case studies for practical
to different cultural and economic
ndations include using the model
oping long-term plans based on

appropriate cybersec gal frameworks.

The successful im
among all stakehol

entation of this model requires integrated cooperation
rs including managers, technical experts, human
resources, technologysuppliers, and regulatory bodies. Only through a
comprehensive and icipatory approach can the full potential of this model
be utilized to enhance railway transportation industry maturity.

Keywords: Maturity assessment conceptual model, railway industry,
fourth industrial revolution, meta-synthesis, emerging technologies
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