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ABSTRACT

The research investigates the evolving context of Metro Rail Transit (MRT) systems, using a thorough bibliometric

analysis to identify patterns, trends, and significant contributors impacting scholarly debate. The study focuses on the effects

of MRT systems in metropolitan cities, looking at both existing studies and new areas for future research. The primary

goals are to examine the evolving publication scene, identify prominent individuals and entities, analyze keyword networks,

and understand current research subjects. The study aims to provide a complete understanding of the effects of MRT

systems to guide future research and inform urban planning decisions. Using bibliometric approaches, the study examines

a varied dataset of scientific publications about MRT systems. The examination includes advancements in publication

trends, identification of significant contributors, and analysis of keyword networks, titles, and abstracts to help untangle the

complexity of MRT systems’ impact. The study uncovers dynamic shifts in scholarly contributions, emphasizing research

themes and identifying significant contributors, organizations, and countries fostering creative discussions. Transit-oriented

development, environmental sustainability, and socioeconomic ramifications are key topics that match global goals. The

study meets its aims, offering significant insights into the various effects of MRT systems in metropolitan areas. By

analyzing growing trends, identifying major contributors, and explaining key topics, the research lays the groundwork for

future investigations, directing educated urban planning decision-making. The study’s future implications stem from its

ability to drive further research, emphasizing the continued importance of investigating real-world consequences, ethical

considerations, and fair access to emerging technologies. As urban mobility advances, this study offers the framework for

informed decision-making and continuous innovation in metropolitan transit networks.
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1. Introduction

Metropolitan cities are now seeing the urgent need for

efficient and sustainable mobility solutions due to the tremen-

dous urban issues they are facing such as traffic congestion,

air pollution, limited public transportation infrastructure,

rising population density, inadequate last-mile connectiv-

ity, increasing greenhouse gas emissions, and the need for

sustainable and efficient mobility solutions. The advent of

Metro Rail Transit (MRT) systems signifies a paradigmatic

change, restructuring the mechanics of urban transport and

socio-economic frameworks [1]. This paper explores the com-

plex theoretical principles that form the basis of MRT sys-

tems, integrating urban planning, transportation engineering,

and sustainability. The MRT serves as a crucial element

in the planning of sustainable urban transportation. It com-

bines the concepts of transit-oriented development and ur-

ban compactness, with the goal of creating interconnected

metropolitan areas. This article emphasizes the dedication of

MRT systems to environmental sustainability by highlight-

ing specific actions focused on reducing carbon emissions

and promoting eco-friendly public transportation choices.

In addition to alleviating congestion, the socio-economic

impacts are diverse and include increased economic produc-

tivity, improved job opportunities, and a noticeable increase

in property prices along MRT transit corridors [2]. Using

bibliometric analysis, this study aims to not only examine

the current literature but also uncover significant research

patterns that can provide helpful guidance for educated urban

planning decisions.

The theoretical foundation supporting Metro Rail Tran-

sit (MRT) systems is a complex fusion of principles drawn

from urban transportation planning, environmental sustain-

ability, socioeconomic effect evaluation, technical integra-

tion, and human-centered design [3]. MRT systems embody a

fundamental change in the way sustainable urban transport is

planned, effectively combining transit-oriented development

and urban compactness concepts. The system’s theoretical

sophistication is evident in its capacity to promote intercon-

nected metropolitan areas, making it a visionary model for

future city landscapes [4]. MRT systems play a significant

role in promoting environmental sustainability by implement-

ing tangible actions to reduce carbon emissions and actively

advocating for eco-friendly public transport options.

Theoretical principles in this field are demonstrated

via concrete actions, establishing a standard for sustainable

transport practices in urban areas. MRT systems transcend

their function as mere transportation solutions and instead

emerge as catalysts for significant socio-economic trans-

formation [5]. Theoretical comprehension of their contribu-

tions encompasses improvements in economic efficiency,

increased job availability, and the concrete rise in property

prices along transportation routes [6]. The socio-economic

structure of metropolitan regions is closely connected to the

transformative capacity of MRT systems, creating a theoreti-

cal framework that goes beyond only transportation matters.

To thoroughly examine the theoretical foundations, it

is essential to consider a broad range of factors, including

urban planning principles, economic theories, sociological

impacts, and environmental considerations, and the integra-

tion of technology. The integration of advanced technology,

such as smart ticketing systems such as the National Tick-

eting Mobility Card in India and real-time data analytics,

serves as a theoretical foundation that views MRT systems

not just as transportation methods but also as technological

ecosystems that contribute to urban efficiency. Theoretical

concerns encompass the application of human-centric de-

sign concepts, transforming MRT stations into urban hubs

specifically tailored to enhance user convenience [7]. The

theoretical framework acknowledges the need to incorporate

accessibility, safety, and aesthetic appeal in the design of the

MRT system. It emphasizes the significance of considering

the human experience and aims to redefine urban spaces by

prioritizing the needs and experiences of the people who use

them [6]. TheMRT systems’ theoretical sophistication rests in

their comprehensive and transformational urban transit solu-

tion, achieved through the integration of multiple disciplines

in a holistic approach.

This paper undertakes a bibliometric analysis to system-

atically review and synthesize the existing body of literature

on the impact of metro rail transit systems in metropolitan

cities. By exploring the theoretical foundations that guide

the development and assessment of MRT systems, this study

aims to contribute to a comprehensive understanding of their

multifaceted influence on urban landscapes. Through a bib-

liometric lens, the paper seeks to identify key research trends,

highlight gaps in the current knowledge base, and provide

insights that can inform future research and policy decisions

in the realm of urban transportation and planning.

This study aims to utilize bibliometric analysis to con-

duct a thorough investigation, focusing on providing a com-

prehensive and insightful understanding of the impact of

metro rail transit (MRT) systems.This article intends to

achieve the aim with the help of the following objectives:
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i. Explore the changing publication landscape by exam-

ining the complex changes related to the influence of

MRT systems. Analyse patterns and predict the future

direction of scholarly contributions.

ii. Discover the pioneering individuals, institutions, and

countries that are influencing the discussion on the

impacts of MRT systems, providing valuable insights

into the driving factors behind innovative research.

iii. Analyze the complex network of keywords, titles,

and abstracts to uncover the intricate connections that

shape the discussion and enhance our nuanced com-

prehension of the implications of the MRT system.

iv. Explore and analyze current research themes and

trends: Provide a thorough explanation of the main re-

search topics and upcoming trends found in the litera-

ture, offering guidance for future studies and informed

judgments in urban planning.

In answering these questions and achieving the out-

lined objectives, this research provides a comprehensive and

in-depth analysis of the advancements, trends, and trajecto-

ries in mass transit research. The findings hold the potential

to inform researchers, and policymakers alike, fostering a

deeper understanding of the field.

2. Methodology

This section provides a detailed description of the

methodology utilized for conducting bibliometric and the-

matic analysis. The execution of the research can be broadly

categorized into two distinct phases: Data Collection and

Analysis. The complete methodology has been described in

Figure 1.

2.1 Data Collection

First, bibliometric data was collected for the research

using two Scientific databases; Scopus and Web of Science

were used for data collecting. The bibliometric studies sug-

gest using these two databases for due to their rigorous se-

lection criteria and comprehensive coverage quality analy-

sis [8, 9].

Scopus includes a vast array of academic journals, mak-

ing it an extensive resource for bibliometric studies. Web

of Science, while including fewer journals, applies stringent

quality assurance criteria, ensuring the inclusion of high-

impact research. Despite their popularity, this analysis does

not include other grey literature databases such as Google

Scholar. for including papers that are of international repute

that meet rigorous academic standards. Moreover, Scopus

and Web of Science provide advanced search queries and

automatic extraction of bibliometric metadata, features that

are lacking in Google Scholar [8]. Hence these two datasets

are considered optimal for bibliometric study.

Figure 1. Methodology employed.

We recognize that including Google Scholar in future

research could enhance the scope of our analysis. Future stud-

ies could integrate data from multiple databases to provide

a more comprehensive review of the literature, encompass-

ing a wider range of publications and perspectives. This

approach would allow for a broader understanding of the

impact of MRT on public health, quality of life, and last-mile

connection, drawing from a diverse array of sources.

2.2 Analysis

The data was analyzed using Biblioshiny, a web-based

bibliometric analysis tool built on the R programming lan-

guage. Its easy-to-use interface makes bibliometric analysis

accessible to academics of all levels. Biblioshiny visualizes

data to help readers comprehend complex patterns in schol-

arly writing. The tool streamlines the analysis process by

enabling real-time modifications of parameters and intuitive

navigation. It integrates seamlessly with R programs like

‘bibliometrix’ to provide in-depth analytical capabilities. As

a web-based solution, Biblioshiny eliminates the need for

local software installations, offering users a convenient and

accessible platform for conducting bibliometric analyses [10].

As a web-based solution, Biblioshiny requires no local in-

stallations, making it easy. The software program aids in the

construction of graphical depictions of bibliometric data and

assists in the creation of bibliometric networks that illustrate

the connections among various entities such as publications,

journals, keywords, and researchers.
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3. Findings

The study examination explores the significant influ-

ence of MRT systems in major metropolitan areas, revealing

paradigm shifts in the realm of urban transportation. By

employing meticulous bibliometric and thematic analysis,

the study offers a comprehensive perspective on the dy-

namic nature of MRT systems. The research emphasizes

pivotal contributors, influential countries, noteworthy aca-

demic journals, and complex thematic patterns that delin-

eate this ever-evolving discipline. This extensive investi-

gation offers a nuanced comprehension of the significant

influence that MRT systems have on major metropolitan

areas, influencing the design of urban environments and

transportation approaches.

3.1 Overview

The annual scientific production data shows that

the publication on MRT System research was static from

1974–2002 but experienced a slow increase from 2003–2008

and since then a steady rise can be observed from 2009 on-

wards to 2023. Since the data acquisition was done inAugust

2023, the dip in no of production is apparent in Figure 2.

Overall, the volume of MRT research has grown and contin-

ues to be of significant interest to scholars. Consequently, we

can anticipate a continued rise in the number of publications

in the coming years.

Figure 2. Annual scientific production.

In addition, the number of average article citations per

year is presented in Figure 3, which shows that citations for

MRT System studies have fluctuated widely. However, it

clocked an average of 3.16 citations per year per document,

which resonates with the average compared to other fields of

study and gives the indication that there has been steadfast

interest among scholars on MRT. However, this figure may

not accurately represent the evolution because there has been

a significant increase in the studies from 2009 but the initial

years have been quite static leading to average citations per

year per document.

Figure 3. Annual scientific production average citations per year.

The USA has been identified as the most contributing

country, with 1250 publications (equivalent to 28% of total

contributions), followed by China with 937 contributions

(equivalent to 21% of total publications). The contributions

of these two countries account for almost half of the total

publications. UK (225 publications) Australia (216 contribu-

tions) and Canada (183 Contributions) are in third, fourth,

and fifth place, respectively. India on the other hand is next

to Canada with 3.3% (149 contribution) and ranking second

highest in Asia.

3.2 Institutions, Countries, and Journals

The most relevant institutions in the field are Southeast

University, Tongji University, Beijing Jiaotong University,

University of California, and Southwest Jiaotong University.

Figure 4 shows that these institutions are at the forefront

of MRT research. For example, Southeast University has

over 120 research documents on the multimodal system and

the impact of MRT in cities. These studies gave researchers

insights into the nuances of transportation systems and the

value they may add, in the cities, along with the areas that

need more focus.

Figure 4. Ten most relevant institutions in the bibliometric analysis.

The collaboration network of institutions, shown in

Figure 5 shows three main groups. The first consisted of
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Tongji University, Southeast Jiaotong University and South-

west Jiaotong University and the University of Hong Kong.

The next major group consist of Beijing Jiaotong University,

Tsinghua University, University of Tokyo, University of Wa-

terloo, Beihang University. Along with that, the third group

consist of University of California, Peking University, Uni-

versity of Maryland, Arizona State University, University of

Pennsylvania andMIT. There are other few institutions which

are merging and have started to form their own collaboration

of work which consist of University of Toronto, University

of Utah, Mcgill University and Zhejiang University.

Figure 5. Collaboration between institutions.

The USA and China, shown in the red cluster, are the

leading countries regarding the number of publications in

the field. Besides these, the other countries that are produc-

ing studies in the field are significantly behind in numbers

with almost equal share. The collaboration network among

countries, as shown in Figure 6, shows three main groups.

One comprises the USA, China, Singapore, India, Israel,

Pakistan, Bangladesh, Korea, Chile etc. The cluster that is

shown in green colour consists of the countries such as Portu-

gal, Netherlands, Germany, and Spain. The third prominent

cluster in yellow colour consists of UK, Brazil, Belgium, and

South Africa. The other clusters have fewer in numbers of

collaborations within the network.

Figure 6. Collaboration between countries.

There is an insignificant number of multiple-country

collaborations in this field, as shown in Figure 7 China

and the USA have the highest number of multiple-country

collaborations, as evidenced by the collaboration map

shown in Figure 8. These figures suggest that there is

scope for international collaboration among other coun-

tries in this rapidly evolving field transportation and

mobility.

Figure 7. Corresponding author’s countries.

Figure 8. Country collaboration map.

The bibliometric analysis of sources by Bradford’s

Law, shown in Figure 9, revealed that the top journals pro-

ducing documents in this field are Sustainability (Switzer-

land), Journal of Transport Geography, Transportation Re-

search Record, Cities, and Transportation Research Part A:

Policy and Practice. These journals are highly respected

and have a strong reputation for publishing high-quality re-

search. The diversity of journals on this list is also note-

worthy. It includes journals from various domains, includ-

ing sustainability, policy and practice, and its impact on

cities. This reflects the intensive nature of research in this

field.

3.3 Document Analysis

We reviewed documents with the highest number of

global and local citations, as well as those that were most

frequently referenced. In bibliometric analysis, global cita-

tions refer to the cumulative count of citations a document

has received across all indexed sources, such as Scopus,

Web of Science (WOS), or Google Scholar. This metric

provides insight into the document’s overall impact and

recognition within the broader academic community. Local
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Figure 9. Sources by Bradford’s Law.

citations, on the other hand, refer to the number of times a

document has been cited within the same specific database

or search context. This helps in understanding the docu-

ment’s influence and relevance within a particular dataset

or field of study, as illustrated in Figure 10. By analyz-

ing both global and local citations, we aimed to capture a

comprehensive view of each document’s significance. We

conducted an in-depth study of these highly cited docu-

ments, summarizing their methodologies, tools used, and

major findings.

Figure 10. Most cited references and documents.

The subsequent table (Table 1) presents a succinct sum-

mary and evaluation of seminal works in the domains of

transportation and urban planning, wherein each contributes

unique perspectives and approaches. The references provided,

which range from literature surveys to Monte Carlo risk anal-

ysis, make valuable contributions to the continuous dialogue

surrounding crucial elements in the domains of transportation

and urban development, including public values, decision-

making processes, economic influences, and environmental

considerations. The table provides an overview of the various

tools and methodologies utilized in these studies, illuminating

their merits and areas that require enhancement.
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Table 1. List of most cited documents (globally and locally).

S.No. Title TooL/Method Remarks

1.
Modelling Trans-

port [11]
Monte Carlo Risk

Analysis

Criticizing large-scale models, the critique emphasizes

clear, segmented models for in-scoped demand. In-

sufficient market identification might lead to overes-

timating economic performance. The text suggests

willingness-to-pay studies, benchmarking, and care-

fully induced traffic. Risk analysis supplements traffic

estimates in the book’s holistic transportation modeling

approach.

2.

Multiple Attribute

Decision Making:

Methods and Applica-

tions [12]

Novel hybrid MADM

model combining

DEMATEL and

ANP with VIKOR

procedures etc.

The book presents a variety of MADM approaches for

various transportation industries. Infrastructure devel-

opment, alternative energy, and vehicle fleet manage-

ment decision-makers can use this complete toolkit

to structure preferences and evaluate trade-offs. The

hybrid MADM model incorporating DEMATEL, ANP,

and VIKOR methods offers a novel approach to trans-

portation research. This hybrid model could improve

multidimensional decision assistance for transporta-

tion network optimization and development project

prioritization.

3.

Public Values and Pub-

lic Interest: Counter-

balancing Economic In-

dividualism [13]

Review

The book’s focus on policy debate fairness is timely for

public transit. As cities struggle with fairness, acces-

sibility, and environmental sustainability, Bozeman’s

work invites reevaluation of principles to guarantee

that public transportation policies promote social well-

being and justice.

4.
The Economics of Ur-

ban Transportation [14] Review

Analyses current urban transportation research and

identifies new topics and their implications for fu-

ture research. The authors predict five important

themes—reliability, safety, road-pricing design, insti-

tutional reforms, and urban goods movement—while

emphasizing applied theory’s evolution and economic

models’ rising complexity. The book predicts a shift

towards more practical and useful academic research,

allowing economists to advise policymakers. However,

the book’s reliance on previously covered issues may

limit the investigation of different and unique views

in urban transportation’s fast-evolving field. The cri-

tiquemay also advise prioritizing environmental issues,

firm and household spatial behavior, and parking as

research areas.

5.
Megacities and Atmo-

spheric Pollution [15] Case Study

The case study method provides a full understanding

of megacity air pollution issues, but it does not explore

policy actions and their results. The report stresses

the need for a holistic approach to transportation envi-

ronmental issues due to their complexity. The study

acknowledges improvements, but a deeper exploration

of successful techniques and observable consequences

from implemented regulations would improve its prac-

tical usefulness for policymakers and researchers.
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Table 1 continued

S.No. Title TooL/Method Remarks

6.

Travel and the Built

Environment: AMeta-

Analysis [16]
Meta-Analysis

The authors assessed effect sizes and revised previ-

ous work to better understand transport trip demand

dynamics. Critics point to the meta-analysis’s lack

of explanation of the transportation studies’ method-

ology. Understanding these approaches’ quality and

diversity would improve transparency and reliability.

While the meta-analysis finds travel variables inelas-

tic to built environment changes, it does not examine

moderating factors or contextual details that may affect

transportation elasticities. The conclusions would be

strengthened by acknowledging transportation study

variability and performing subgroup analysis on cru-

cial variables. Finally, the meta-analysis’s practical

recommendations for transport planning and policy

are limited by the lack of a detailed discussion of the

findings’ consequences.

7.

Accessibility evalua-

tion of land-use and

transport strategies:

review and research

directions [17]

Literature Survey

The paper emphasizes the shortcomings of present ac-

cessibility measures, which fail theoretical standards.

Infrastructure-based measurements like road network

average speed are unsuitable since they exclude land

use and temporal and individual factors. However,

complicated location- and utility-based measures are

effective instruments that defeat infrastructure-based

ones. While useful for capturing individuals’ acces-

sibility valuations, these sophisticated metrics fail to

incorporate spatial-temporal restrictions.

8.

Identifying the Impacts

of Rail Transit Stations

on Residential Property

Values [18]

hedonic price mode

The study examines distance from downtown and

neighborhood median income as contextual factors,

but it may benefit from a more detailed examination

of other external factors that may affect rail station

and property values. Neighborhood amenities, public

infrastructure, and local development plans may help

clarify.

9.

Mapping transit-based

access: integrating

GIS, routes, and

schedules [19]

GIS

The study examines accessibility, particularly transit

services, and its historical difficulties in defining and

quantifying it. The review critically evaluates transit

service access measurement methodologies, exposing

flaws. Considering these limitations, the study sug-

gests new modifications and an extended GIS data

structure to include transportation service temporal

aspects to fill gaps. Mapping Santa Barbara’s transit

accessibility shows these refined measures in action.

The examples demonstrate how the proposed methods

can display useful transit service analysis and planning

data.

10

The Impact of Rail

Transport on Real Es-

tate Prices: An Em-

pirical Analysis of the

Dutch Housing Mar-

kets [20]

Hedonic Pricing

Model

The study emphasizes rivalry between railway stations

due to the difficulty of station accessibility. The inter-

play between train stations makes accessibility com-

plicated, thus the nearest and most commonly chosen

reference stations emphasize this.
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3.4 Content Analysis

This extensive investigation examined the frequency

and co-occurrence networks of words obtained from Key-

words Plus,Author’s Keywords, Titles (unigram and bigram),

andAbstracts (unigram and bigram). In Biblioshiny analysis,

unigrams refer to individual words extracted from document

titles, helping to identify the most frequently used terms and

general themes in the research. Bigrams involve pairs of

consecutive words, which reveal commonly used phrases

and more specific concepts. Analyzing both unigrams and

bigrams provides a detailed understanding of the prevalent

terminology and thematic patterns within the titles, offering

insights into emerging trends and key topics in the field The

analysis of the word cloud and co-occurrence networks un-

veiled fascinating patterns and connections between terms,

providing insights into the fundamental framework of the

discipline.

Author’s Keywords

Figure 11 displays the co-occurrence network of the

Author’s Keywords, which exhibited the formation of two

separate word clusters. The group included terms such as

“accessibility”, “public transport”, “transit-oriented devel-

opment”, “spatial analysis”, “sustainable mobility”, “shared

mobility” and “walkability”. The second cluster comprised

phrases such as “built environment”, “public transit”, “covid-

19”, “travel behavior”, and “mode choice”, along with “big

data”, “smart card data” and “machine learning” The divide

emphasizes the binary characteristic of research on the tran-

sit system. The initial cohort concentrates on the broader

domains that the research is focused [21–23]. The secondary

cohort identifies the key term that depicts the newer tran-

sitions in the transit system research such as its impact on

the built environment, the new techniques that can be used,

and the factors that affect the design and planning of these

systems [24–26]. Other smaller clusters are comprised of key

terms that are also addressed in the newer research such

as environmental impact, sustainability, pollution, housing

prices, etc [20, 27, 28]. These are either newer research that is

emerging and hence have not developed a good network or

are insignificant in addressing the broader domains.

Keywords Plus

The co-occurrence network of Keywords Plus, as de-

picted in Figure 12, unveiled three notable word clusters.

One category comprised broad phrases such as ”urban trans-

portation”, ”public transport”, ”metro system”, and ”accessi-

bility”, “land use”, “travel behavior”, “metropolitan system”,

“urban planning” along with the major countries publishing

studies such as “China”, “United States” etc [16, 19, 20]. The

second cluster included more specific units and phenom-

ena such as ”subway stations”, ”urban areas”, ”walking”

and ” transportation” [25, 29]. The third cluster consists of im-

pacts such as “environmental monitoring”, “air quality”, “air

pollution”, “particulate matter”, and “traffic and transport”

etc [4, 7]. The under-representation of so many other issues

such as public health, quality of life, last mile connectivity,

para-transit, etc implies the lack of insights in the studies to

become more prominent ones in the cluster. Also, the results

are less or more in resonance with the authors’ keywords

diagram.

Figure 11. Co-occurrence network diagram of author’s keywords.

Titles (Unigrams and Bigrams)

The network of co-occurrence between titles (uni-

grams), as depicted in Figure 13, exhibited two main

groups. One set included of terms such as “transit”, “ur-

ban”, “transport”, “public”, and “development”, “accessi-

bility”, “assessment”, “mobility”, “approach”, “rapid”, “re-

view”, “infrastructure”, “housing”, “change”, “planning”,

“metropolitan”, and “sustainable” [11, 30, 31]. The second clus-

ter included phrases such as “factors”, “impacts” “analysis”,

“metro”, “rail”, “evidence”, “effects”, “stations”, “subways”

etc [14, 20, 32] about specific types of key terms that are as-

sociated with the purpose or intention of the first cluster,

focussing on the aftermaths and effects of the studies.

Figure 12. Co-occurrence network diagram of Keyword Plus.
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Figure 13. Co-occurrence network diagram of unigrams in titles.

Unlike the unigrams network, the titles (bigrams) co-

occurrence network, as depicted in Figure 14, displayed

one most significant, two next to significant, and many in-

significant smaller word clusters. One cluster comprised

phrases such as “rail transit”, “urban rail”, “transit rid-

ership”, and “property values” [7, 33]. The second cluster

comprised phrases such as “built environment”, “travel be-

haviour”, “mode choice”, “metro ridership”, and “machine

learning” [24, 25]. The next evident cluster comprises “air

pollution”, “climate change”, “rapid transit”, and “ transit

system”. This network highlights the newer use of Machine

Learning to understand travel behaviour, mode choice, and

Transit Oriented Development (TOD). The image also shows

the lack of interconnectedness between the subset of the

networks; such as card data, smart data, urban form, etc

not being directly connected to developing countries, urban

transport, etc.

Figure 14. Co-occurrence network diagram of bigrams in titles.

Abstracts (Unigrams and Bigrams)

An analysis of co-occurrence networks in the abstracts

of research publications, at both the unigram and bigram

levels, has uncovered specific clusters of words. This pro-

vides a more comprehensive insight into the research themes,

methodology, and focal areas that imply the plethora of

knowledge in the field.

The co-occurrence network of individual words in the

abstracts, depicted in Figure 15, revealed the presence of

two separate clusters of words. The initial and most promi-

nent complex cluster included elements such as “urban”,

“study”, “results”, “public”, “analysis”, “data”, and “tran-

sit”, along with significantly smaller nodes such as “trans-

portation”, “development”, “data”, “metropolitan”, “spatial”,

“city”, “planning”, “system”, “network” etc. These concepts

are fundamental in transit research, encompassing the essen-

tial elements of investigations, such as data, analysis, factors,

land, services, and planning-based networks as an important

features in the metropolises. On the other hand, the second

group consisted of fewer keywords that were significantly

associated with the first cluster. The use of terms such as

“stations”, “ridership”, “metro”, and “subway” indicates that

the studies in the first cluster are focused on these units of

transportation as places of activity.

Figure 15. Co-occurrence network of unigrams in abstracts.

Similar to the Co-occurrence network diagram of bi-

grams in titles, Figure 16 shows three prominent groups

of abstract bigram co-occurrence networks. The rest of the

elements in the network are not strong enough to make sig-

nificant collaborations within the network. The first group

emphasized the importance of public transportation in the

context of “housing prices”, “sustainable development”, “ur-

ban development”, “travel time”, “rapid transit”, “population

density”, “built environment”, “metro stations” [4, 7, 34]. The

second cluster is focused on allied services that are needed to

strengthen public transport such as “infrastructure”, “urban

form”, “traffic congestion issue”, and “impact on climate

change” [28, 35, 36]. The third group examined the “transit-

oriented development”, “light rail”, “urban rail”, “transit

system”, and “metro and transit network” and their impact

on “real estate” [7, 37].

Figure 16. Co-occurrence network of bigrams in abstracts.
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Themes

The author’s keywords, titles, and abstracts reveal the

complex relationship between mass transit and associated

impact- research using word thematic maps. These maps

divide terms into quadrants and show thematic clusters’ im-

portance and development, providing a comprehensive view

of field research trends. The field’s advancement is driven

by motor themes in the first quadrant, which includes the

driving forces behind the advancement of the field. These

themes are crucial for understanding the core developments

and innovations in mass transit research, In the second quad-

rant is niche themes, focusing on specialized or less main-

stream investigations within the field. These topics often

represent cutting-edge or highly specific areas of study. The

third quadrant includes Emerging or Declining Themes that

might be gaining traction or showing potential for future

research. basic themes in the fourth quadrant explain mass

transit or metro-related subjects. The fourth quadrant is Ba-

sic Themes, it includes fundamental topics related to mass

transit or metro systems. These themes explain the founda-

tional concepts and traditional subjects in the research. By

analyzing the importance (centrality) and development (den-

sity) of these phrases, the inference identifies the aspects of

research fields.

Figure 17 shows that In the first quadrant, known as

motor themes, the focus is on central topics driving the ad-

vancement of mass transit research. This includes “Public

Transport”, which addresses core mechanisms and systems

of public transportation; “Built Environment”, which exam-

ines the interaction between transit systems and urban in-

frastructure; and “COVID”, which explores the pandemic’s

impact on transit usage and policies. encompasses in the lit-

erature database. The second quadrant features niche themes

that represent specialized or less mainstream areas of study.

This quadrant highlights innovative topics such as “Geo-

graphically Weighted Regression”, which analyzes spatial

variations within transit data; “Housing Price”, which in-

vestigates the influence of transit access on property values;

and “Hedonic Price Model”, which evaluates factors affect-

ing property values related to transit. Other niche themes

include Complex Networks, focusing on intricate transit

system networks; “Vulnerability and Gentrification”, ad-

dressing socio-economic impacts like community displace-

ment; and “Shared Mobility”, which looks at alternative

transportation modes that complement traditional transit sys-

tems. In the “third quadrant”, we find emerging or declining

themes that indicate shifting research interests or evolving

trends. For instance, “Particulate Matter” is highlighted

here, focusing on environmental concerns related to pollu-

tion and air quality impacts of mass transit systems. The

fourth quadrant contains basic themes, representing funda-

mental and traditional topics in mass transit research. This

quadrant includes “Accessibility”, which looks at how eas-

ily people can use transit systems; “Public Transportation”,

covering general aspects of transit systems; and “Transit

Oriented Development, which examines urban planning

strategies integrating transit with development. Other basic

themes are “Land Use”, studying how land is utilized in

relation to transit systems; “China”, focusing on specific

research about transit systems in China; “Subway/Metro”,

investigating subway and metro systems; and “Air Quality”,

assessing the impact of transit systems on environmental

air quality.

Figure 18 shows several quadrants in the thematic

map of bigrams within titles. The first quadrant includes, in

lowering centrality order, “smart card”, “card data”, “metro

system”, “public transport”, “mode choice”, “rail transit”,

“urban rail”, and “light rail”. These are major themes that

exist in the literature and describe the broader themes. In

the second quadrant, “sustainable mobility”, “particulate

matter”, and “subway stations” are grouped. These are

niche themes that show a progression in the insights of the

broader themes. The third quadrant consists of “high-speed

rail”, “metro stations”, “air quality”, “built environment”,

and “metro ridership”, signifying the emerging and declin-

ing themes in the subject. The basic themes, in the fourth

quadrant, are somewhat similar to Figure 14, with “transit-

oriented development”, “covid pandemic”, “housing prices”,

“bus rapid”, “public transit” and “rapid transit” as the themes

lower centrality and lower density implying towards a stag-

nant field.

Figure 17. Thematic map of words from author’s keywords.

35



Journal of Environmental & Earth Sciences | Volume 06 | Issue 03 | October 2024

The thematic map of bigram terms within abstracts dis-

played a dynamic landscape, as depicted in Figure 19. In the

first quadrant, terms such as “public transport”, “travel time”,

“rail transit”, “transit-oriented development”, and “built en-

vironment” were highly pertinent, highlighting their pivotal

role in the current research genre. Additionally, terms like

“public transit” and “rapid transit” also contributed to this

theme, albeit with lesser relevance. The second quadrant

encompassed “transportation research”, “national academy”,

“research board”, and “particulate matter”, concentrations

as niche themes. The third quadrant comprised terms like

“air pollution”, “air quality”, “subway stations”, “subway

systems”, “carbon dioxide”, and “underground space” which

were highly relevant, suggesting emerging trends. Finally, the

fourth quadrant which shows basic themes includes “metro

system”, “climate change”, and “passenger flow” as the broad

themes around which the other quadrant themes revolved.

Figure 18. Thematic map of bigrams from titles.

Figure 19. Thematic map of bigrams from abstracts.

4. Discussion

The bibliometric analysis conducted in this study pro-

vides a thorough examination of the changing research envi-

ronment regarding the effects of Metro Rail Transit (MRT)

systems in metropolitan cities. The study conducts a thor-

ough examination of the changing publication scene, iden-

tifying intricate transformations, making predictions about

future scholarly contributions, and revealing significant con-

tributors on a worldwide scale. Examining keywords, titles,

and abstracts enhances our comprehensive understanding of

MRT implications, revealing subject groupings and emergent

patterns. The study effectively examines current research

issues, providing significant insights for urban planning de-

cisions. The findings have ramifications for policymakers

and academics, guiding future studies and informed decision-

making in the dynamic field of metropolitan transit systems.

Identification of Key Themes: The analysis highlights

numerous crucial themes in the MRT research environment.

Transit-oriented development, land use, air quality, and smart

card data are identified as key factors in mass transit re-

search, representing the fundamental principles of this field.

These issues are in line with worldwide phenomena includ-

ing the New UrbanAgenda, Sustainable Development Goals,

and Smart City Projects, which connect MRT systems with

broader global priorities.

Comprehension of Fundamental and Motor Subjects:

The systematic analysis of keywords, titles, and abstracts

yields a comprehension of fundamental and motor subjects.

The terms transit-oriented development and air quality refer

to well-established places that are characterized by their high

level of centrality and density, which signifies their ongoing

importance. On the other hand, the terms high-speed rail

and COVID-19 are prominent topics that suggest the devel-

opment of new areas of research and significant changes in

thinking due to world events.

Identification of Niche Themes: The acknowledgment

of specialized topics, such as sustainable mobility and partic-

ulate matter, implies a more thorough investigation of subtle

issues within the wider MRT field. These themes indicate

an increasing recognition of the environmental effects and

health concerns, highlighting the necessity for interconnected

and sustainable transportation solutions.

When examining the bibliometric analysis of Metro

Rail Transit (MRT) systems, it becomes evident that several

important themes are missing. Surprisingly, the discovered

clusters do not give much importance to public health, qual-

ity of life, and last-mile connection, even though they are

essential aspects of urban living in the scientific database.

This insight raises the need to carefully examine any research

gaps that may indicate topics that have not been adequately

investigated in the current discussion. Having said that, we

recognize that including Google Scholar in future research

could enhance the scope of our analysis. Future studies could
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integrate data frommultiple databases to provide a more com-

prehensive review of the literature, encompassing a wider

range of publications and perspectives. This approach would

allow for a broader understanding of the impact of MRT

on public health, quality of life, and last-mile connection,

drawing from a diverse array of sources.

The concurrent emergence of high-speed rail and the fall

of specific trends indicate a dynamic transformation in global

goals or technological advancements. This prompts inquiries

on the changing importance of academic disciplines within

the framework of MRT systems. How do these shifts indi-

cate the changing priorities in metropolitan cities, and how

can they impact the direction of research in urban planning

and sustainable development? Upon careful examination of

these issues, it becomes clear that the consequences of urban

planning are significant. The emphasis on Transit-Oriented

Development and environmental sustainability highlights the

capacity of MRT systems to enhance resilient, easily reach-

able, and eco-friendly urban environments. Nevertheless, a

thorough analysis is required to determine whether existing

urban planning policies are in accordance with these discov-

eries. If they are not, there could be significant repercussions

for the attainment of wider global objectives.

The analysis offers readers a comprehensive perspective

that furnishes them with insights into the subject of MRT re-

search. An analysis of major topics, contributors who engage

significantly, and evolving patterns is a valuable contribution

to the current body of literature. Nevertheless, this raises

the need for a thorough examination of whether the work

adequately covers the extent of the highlighted limitations,

guaranteeing that the direction for future research is specified

and can be acted upon. Moreover, the viability of the study

depends on its capacity to provide innovative viewpoints and

stimulate a transformation in the discussion surroundingMRT

systems. Do the identified themes and collaboration networks

represent significant innovations, or do they just reinforce

existing ideas? This critical assessment urges academics to

surpass the limitations of current information, promoting a de-

tailed discussion on the effects of MRT systems. The analysis

identifies potential areas for further research, and the critical

perspective emphasizes the importance of considering these

suggested directions in a practical manner. Do these possibil-

ities stem from the current issues encountered by urban cities,

or do they exist solely as theoretical frameworks? Policymak-

ers and scholars are encouraged to consider the identified gaps

not just as abstract ideas, but as practical strategies that might

effectively tackle real-world difficulties in metropolitan areas

influenced by MRT systems.

To summarise, although the bibliometric study provides

valuable insights, the lack of some themes, the changing

global objectives, and the discovered gaps in the literature

all highlight the necessity for a more detailed understand-

ing. Other studies may use the same analysis with different

datasets to understand the development in the field and draw

inferences. Also, the keyword in conjunction with a specific

region or timeframe will also be able to give different results.

Researchers are encouraged to actively challenge the existing

state of affairs and explore uncharted areas. This will ensure

that future studies not only coincide with developing trends

but also have the potential to bring about significant changes

in urban areas affected by MRT systems. The ever-changing

nature of the MRT environment necessitates a research pro-

gram that is equally flexible, responsive, and intentional.

5. Conclusion

Through this extensive bibliometric study, authors have

examined several aspects of the impact of Metro Rail Tran-

sit (MRT) systems on metropolitan regions. An in-depth

analysis of evolving publication patterns revealed the ever-

changing nature of academic contributions, enabling re-

searchers to identify trends and predict the future direction of

research connected to MRT. By examining the key characters

that are affecting the conversation, authors have discovered

the pioneering researchers, organizations, and countries that

are driving creative research. This research provides vital

insights into the forces that are guiding the discussion on the

impacts of MRT systems. The study revealed the detailed

relationships within the intricate network of keywords, titles,

and abstracts, improving our nuanced understanding of the

ramifications of MRT systems. Through understanding the

embedded coding in the literature, we have not only clari-

fied present study themes and trends but also established a

basis for future studies, guiding well-informed assessments

in the field of urban planning. Transit-oriented development,

environmental sustainability, and socio-economic ramifica-

tions have become important areas of focus, in line with

global objectives such as sustainable development goals and

smart city programs. While this research offers valuable

insights, it is important to acknowledge its limitations. Dif-

ferent datasets and keywords might yield different results,

and this study represents one of many possible perspectives

on the topic. The findings presented here are intended to

offer a general understanding of the field’s development and
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to identify potential areas for future research.

This work serves as a foundation for future studies by

outlining key themes and contributors, but it is just one piece

of the broader research landscape. Future investigations could

expand on these findings to provide a more comprehensive

view of MRT systems and their implications, ultimately guid-

ing urban planning and transit system innovations. The identi-

fication of key contributors, whether they be persons, institu-

tions, or countries, provided a comprehensive understanding

of the factors that drive groundbreaking research in this field.

Examining the intricate network of keywords, titles, and ab-

stracts not only provides insight into the present discussion

but also establishes a foundation for future inquiries. An

analysis of important topics and developing patterns not only

provides a current overview but also offers a flexible struc-

ture for understanding the changing field of MRT research.

The study’s future significance lies in its ability to lead and

encourage MRT system research. The research reveals pat-

terns, prominent contributors, and key subjects to guide future

research. The suggested potential includes investigating real-

world effects, ethical issues, and equitable access to emerging

technologies. This study informs urban planning decisions

and lays the groundwork for metropolitan transit system inno-

vation and enhancement as urban mobility evolves.
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