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Abstract

Accessibility in bus-based public transport is essential for inclusive and sustainable urban
mobility, yet bus stops and stations are often overlooked compared with vehicle modern-
ization and network planning. This study presents a bibliometric and thematic review of
research (2020-2026) on accessibility in bus stop and station infrastructure across Euro-
pean cities. Literature indexed in the Web of Science Core Collection was analyzed using
thematic synthesis supported by bibliometric network analysis. A total of 685 publications
were examined to identify research trends, barriers, regional differences, assessment
methods, and planning implications. The findings show that accessibility is a multidimen-
sional concept shaped by physical design, information systems, user experience, first- and
last-mile connectivity, and governance capacity. Persistent barriers include poor boarding
interfaces, inadequate maintenance, weak wayfinding, safety concerns, and uneven im-
plementation of accessibility standards. The reviewed studies suggest that evidence of
stronger integration and higher user satisfaction is more frequently reported in Northern
and some Western European contexts, whereas rural and smaller cities often face lower
service accessibility. Emerging topics include real-time passenger information, crowding
management, electric buses, and smart mobility technologies. The review concludes that
bus stops and stations should be treated as strategic mobility assets. Integrated planning,
participatory design, and territorially differentiated policy support are essential to ad-
vance inclusive bus-based public transport across Europe.

Keywords: bus stop accessibility; bus station design; inclusive mobility; public transport;
sustainable urban transport; universal design; European cities; first-mile last-mile
connectivity; transport equity; bibliometric and thematic review

1. Introduction

Public transport systems play a central role in advancing sustainable urban mobility
by reducing congestion, lowering greenhouse gas emissions, and promoting more equi-
table access to urban opportunities [1-3]. Across European cities, policy frameworks in-
creasingly emphasize the transition toward inclusive and sustainable transport systems
that serve the needs of all users [4,5]. Within this context, accessibility has emerged as a
critical dimension of transport sustainability [6,7], ensuring that infrastructure and ser-
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vices are usable by diverse population groups [8], including people with disabilities [9,10],
older adults [11,12], and individuals with reduced mobility [13,14].

The policy framework supporting accessibility in Europe has been further strength-
ened through Directive (EU) 2019/882, commonly referred to as the European Accessibil-
ity Act. The directive aims to reduce accessibility barriers and promote equal participation
of people with disabilities by establishing harmonized accessibility requirements across
Member States. Although primarily focused on products and services, its principles sup-
port broader objectives related to accessible mobility and passenger information systems.
In the field of bus and coach transport, accessibility is also supported by Regulation (EU)
No 181/2011 concerning the rights of passengers in bus and coach transport, which estab-
lishes obligations regarding non-discriminatory access, assistance for people with disabil-
ities and people with reduced mobility, staff training, and accessibility of travel infor-
mation and ticketing services. Together, these regulatory instruments provide an im-
portant policy framework for promoting inclusive public transport systems across Europe
[15,16].

Accessibility in bus-based public transport is a multidimensional concept encom-
passing not only the physical characteristics of infrastructure, but also the ease with which
passengers can reach, understand, use, and benefit from transport services. It includes
factors such as pedestrian access to stops, barrier-free boarding and alighting, service
availability and frequency, affordability, access to real-time information, personal safety,
comfort, and the integration of bus services with other transport modes. Consequently,
accessibility is shaped by the entire travel chain rather than by individual system compo-
nents in isolation [17-19].

Within this broader framework, bus stops and bus stations represent critical inter-
faces between passengers and the public transport network. As the primary points of ac-
cess to bus services, they influence whether users can successfully complete their journeys
regardless of age, physical ability, or travel experience. Unlike vehicles, which are often
subject to standardized accessibility regulations, stop- and station-level infrastructure fre-
quently exhibits considerable variation in design quality, maintenance, information pro-
vision, and compliance with accessibility standards. Features such as sidewalk connectiv-
ity, shelter availability, seating, lighting, wayfinding systems, boarding platforms, and
digital passenger information can significantly affect usability and travel experience. As a
result, deficiencies at stops and stations may create substantial barriers to mobility and
social participation, even within otherwise well-developed public transport systems.

In the European context, accessibility in public transport is supported by a range of
regulatory frameworks and policy initiatives aimed at promoting universal design and
social inclusion [20-25]. However, despite these efforts, disparities persist between coun-
tries and cities in the implementation of accessibility measures [6,26,27]. Differences in
urban form, governance structures, funding mechanisms, and planning priorities contrib-
ute to uneven accessibility outcomes [28-30]. Furthermore, a gap often exists between pol-
icy objectives and on-the-ground conditions, particularly at the level of local infrastruc-
ture such as bus stops and stations [31,32].

Recent research has increasingly addressed accessibility in public transport, employ-
ing diverse methodological approaches such as accessibility and safety audits, Geographic
Information System (GIS)-based analyses, and user-centered evaluations [33-36]. While
these studies provide valuable insights, the existing literature remains fragmented, with
a strong emphasis on case-specific analyses and limited synthesis focused explicitly on
bus stop and station environments within European cities. There is a need to consolidate
current knowledge on physical infrastructure, information systems, user experience, and
policy implementation to better understand common challenges and emerging trends [37-
40].
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Despite the growing body of literature on public transport accessibility, existing re-
views predominantly focus on network accessibility, travel behavior, or vehicle design.
Comparatively little attention has been devoted to synthesizing evidence on bus stops and
stations as critical interfaces between users and transport systems. This gap is particularly
important because accessibility barriers at these locations may prevent the effective use of
otherwise accessible transport services.

In response to this gap, this paper presents a bibliometric and thematic review of
accessibility in bus-based public transport infrastructure across European cities, with a
specific focus on bus stops and bus stations. The review synthesizes recent literature
(2020-2026) to identify key factors influencing accessibility, examine differences in imple-
mentation across urban contexts, and evaluate the extent to which current practices align
with principles of inclusive and sustainable mobility.

The objectives of this study are threefold: to analyze the main physical, informational,
and user-centered dimensions of accessibility in bus stop and station environments; to
assess how accessibility is addressed in European research and practice; and to identify
research gaps and propose recommendations for improving accessibility in public
transport infrastructure. By providing a structured synthesis of recent evidence, this re-
view contributes to the broader discourse on sustainable urban transport and supports
efforts to enhance social inclusion and mobility equity across European cities.

To guide the analysis, this bibliometric and thematic review addresses the following
research questions:

(1) What are the principal barriers affecting accessibility at bus stops and stations in Eu-
ropean cities?

(2) Which methodological approaches are most used to assess accessibility in the re-
viewed literature?

(3) What regional differences and contextual variations emerge across European urban
settings?

(4) What planning and policy recommendations can be derived to support more inclu-
sive bus-based public transport systems?

2. Search Strategy and Selection Criteria
2.1. Review Design

Literature for this bibliometric and thematic review was retrieved from the Web of
Science Core Collection, a widely recognized database for peer-reviewed interdisciplinary
research. This database was selected due to its comprehensive coverage of interdiscipli-
nary research related to transport systems, urban studies, and accessibility.

2.2. Search Query

A structured search strategy was developed to identify studies addressing accessibil-
ity in bus-based public transport systems, with particular emphasis on bus stops, bus sta-
tions, passenger interaction, and accessibility assessment. The search was conducted in
the Web of Science Core Collection on 15 March 2026 using the Topic Search (TS) field,
which searches article titles, abstracts, author keywords, and Keywords Plus.

The search was performed using the Web of Science Query Builder and combined
the following topic terms through Boolean operators:

TS = (“bus stop”)

OR TS = (accessibility AND “public transport”)

OR TS = (“bus station” AND passenger)

OR TS = (“user integration” AND “vulnerable passenger” AND GIS)
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The search strategy was intentionally designed to maximize sensitivity and capture
the diverse terminology employed across disciplines investigating public transport acces-
sibility. Because accessibility-related research is distributed across fields such as transport
engineering, urban planning, geography, mobility studies, and social inclusion, a broader
retrieval strategy was preferred to minimize the risk of excluding potentially relevant
studies. Therefore, the bibliometric dataset includes both studies directly addressing bus
stop and bus station accessibility and broader public transport accessibility research that
provides relevant methodological, operational, technological, or planning perspectives.
The subsequent thematic screening process was used to identify the subset of studies most
directly focused on bus stop and station environments.

The term “bus stop” was included as a standalone descriptor because preliminary
exploratory searches indicated that it represents one of the most frequently used terms for
studies focusing on passenger-interface infrastructure within bus-based transport sys-
tems.

Similarly, the combination of “accessibility” and “public transport” was included to
capture studies addressing accessibility at a broader system level. The term “bus station”
was combined with “passenger” to identify research examining user experiences and in-
teractions within transport facilities.

The inclusion of “GIS” was intended to ensure the representation of studies employ-
ing spatial and accessibility-assessment methodologies, which constitute an important re-
search stream within the field. The expression “user integration” was used to capture
studies examining the interaction between transport users and public transport systems.

Given the intentionally broad scope of the search strategy, thematic relevance was
subsequently verified through title and abstract screening, followed by selective full-text
assessment where necessary. This broad-then-screen approach allowed for comprehen-
sive coverage of literature while maintaining thematic consistency during the synthesis
stage.

2.3. Inclusion Criteria

To ensure the relevance and consistency of the reviewed literature, a set of predefined
inclusion criteria was applied during the database query stage. The literature search was
conducted on the Web of Science Core Collection on 15 March 2026. Only publications
indexed between 1 January 2020 and 15 March 2026 were considered, ensuring a focus on
recent developments and contemporary challenges in public transport accessibility. The
selected period was intended to capture post-pandemic mobility changes, the increasing
digitalization of transport systems, and recent sustainability and accessibility policy de-
velopments within Europe.

In addition, one relevant publication was identified and incorporated on 5 June 2026
through supplementary screening of the literature. This publication satisfied the same in-
clusion criteria applied in the primary search and was considered important for ensuring
comprehensive coverage of the topic.

Exclusion criteria included studies focusing primarily on rail, metro, private vehicle,
or aviation systems without substantial consideration of bus infrastructure; studies con-
ducted exclusively outside Europe; and studies not addressing accessibility at the stop,
station, or passenger-interface level.

The geographical scope was restricted to European countries, including countries
such as Italy, Germany, Spain, the Netherlands, Poland, France, Sweden, Belgium, Portu-
gal, Greece, Denmark and Hungary, to capture region-specific regulatory, infrastructural,
and socio-spatial contexts.

The search was further limited to peer-reviewed journal articles and conference pro-
ceedings, thereby ensuring academic rigor and methodological reliability. Only English-
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language publications were included to maintain consistency in interpretation and anal-
ysis. In terms of thematic relevance, studies were required to explicitly address bus stops
or bus stations in relation to accessibility, user interaction, infrastructure design, or service
integration within public transport systems. No duplicate records were identified in the
Web of Science export.

After applying the database filters and predefined eligibility criteria, 685 unique pub-
lications were identified and retained as the initial dataset for subsequent bibliometric
analysis, as shown in Figure 1.

Of the 685 records included in the bibliometric dataset, 492 were journal articles and
193 were conference proceedings. Within the final thematic subset of 90 studies, 70 were
journal articles and 20 were conference proceedings.

Records identified through
Wo5 TS search: n = 6428

After exclusion of outside
2020 2026 papers: n= 3016

After exclusion of non-
European studies: n =739

After the records excluded - not
Article or Proceedings Paper: n =725

After exclusion based on
language (non-English): n=
719

relevance (not related to bus stops,
bus stations, or bus accessibility): n =
34

Studies included for
bibliometric and thematic
review analvsis: n = 685

Studies included after manual
screening of the abstract and
full text (if available): n= 89

Additional studies identified
during revision: n=1

Figure 1. Flowchart of the review process.

Of the 90 studies included in the detailed thematic synthesis, 89 were identified dur-
ing the primary literature search conducted on 15 March 2026. Following the peer-review
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process, an additional publication was identified within the existing dataset of 685 Web
of Science records and was incorporated on 5 June 2026 because of the relevance to topics
highlighted by the reviewers.

So, the final thematic synthesis included 90 publications retrieved from the Web of
Science, 685-records dataset. The remaining 7 references included in the bibliography con-
sist primarily of European regulatory and normative documents, including European Un-
ion directives, regulations, and accessibility standards, which were used to provide policy
and regulatory context but were not part of the bibliometric dataset analyzed through
Web of Science.

2.4. Screening Process

The initial dataset comprised 685 publications that satisfied all predefined inclusion
criteria and formed the basis of the bibliometric analysis. To enable a more detailed qual-
itative synthesis, an additional screening stage was conducted to identify studies with the
highest thematic relevance to bus stop and bus station accessibility.

First, titles and abstracts of all 685 records were reviewed to assess their primary re-
search focus and methodological orientation. This process aimed to distinguish studies
directly addressing bus stop or bus station accessibility, infrastructure design, user expe-
rience, accessibility assessment, and service integration from those addressing broader
public transport issues.

Based on this assessment, a subset of 90 publications directly addressing bus stop
and bus station accessibility was selected for in-depth thematic analysis. For studies
whose relevance could not be determined solely from titles and abstracts, the full text was
consulted to clarify scope and contribution. This full-text consultation served as a refine-
ment step rather than a formal exclusion stage. Screening and thematic classification were
performed independently by two authors, and any disagreements were resolved through
discussion until consensus was reached.

Finally, the 90 selected studies were classified into thematic categories according to
their primary contribution, such as infrastructure design, accessibility metrics, user per-
ception, technological solutions, and service integration.

Thus, the thematic findings presented in Sections 3.2 and 4 are derived primarily
from the subset of 90 studies, while the bibliometric analyses utilize the full dataset of 685
publications.

2.5. Analytical Approach

Due to the diversity of research designs, disciplinary perspectives, and methodolog-
ical approaches represented in the selected studies, a bibliometric and thematic review
methodology was adopted. This approach is particularly suitable for synthesizing heter-
ogeneous bodies of literature where statistical meta-analysis is not feasible.

The analysis was conducted using a thematic synthesis framework, allowing for the
systematic organization of findings across the entire dataset. The reviewed studies were
grouped into several thematic domains, with the number of references reported for each
category, presented in Table 1.
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Table 1. Thematic classification framework used in the literature review.

Thematic Category

Description No. of References

Includes infrastructure design [41-43], barrier-free access

Physical A ibilit 35
ysical Accessibiitty [23,44], and compliance with accessibility standards [7,10,45]
. . Covers real-time passenger information [29,38,46], signage
Inf f 14
nformation and Wayfinding [47,48], and digital navigation tools [49]
E f 1 i i inclu-
User Experience and Safety ncompasses. CF)m ort [50,51], per(?elvec‘l security [6], inclu 29
sivity [9], and user satisfaction [52]
. . . Addresses integration with other transport modes and
First- Last-Mil 1
irst- and Last-Mile Connectivity broader urban mobility systems [23,45,50,53] 6
Accessibility Assessment Meth- Includes audit tools, GIS-based analyses [34,45,54], and per- 21
odologies formance indicators [50] used to evaluate accessibility [55]
Contextual and Regional Varia- Highlights differences across European cities [5,56], plan- 3

bility

ning contexts [57], and policy frameworks [4,58]

Studies could be assigned to more than one thematic category; therefore, category
totals are non-exclusive and exceed the number of studies included in the thematic syn-
thesis.

This structured approach enabled the identification of recurring patterns, methodo-
logical trends, and research gaps, while preserving the contextual richness of individual
studies. The thematic framework was developed using a hybrid deductive-inductive ap-
proach. Initial categories were derived from established accessibility literature and subse-
quently refined during full-text analysis. Studies could be assigned to more than one the-
matic category when their contributions spanned multiple dimensions of accessibility.

A bibliometric network analysis was conducted using VOSviewer version 1.6.20. Bib-
liographic records were exported from the Web of Science Core Collection in plain-text
format, including full records and cited references. The exported fields comprised author
information, affiliations, titles, abstracts, author keywords, Keywords Plus, cited refer-
ences, source information, and citation data, corresponding to the “Full Record and Cited
References” export option in Web of Science. Because no thesaurus or keyword-cleaning
file was used, synonymous expressions and singular/plural variants may appear as sepa-
rate nodes in the keyword network.

For the keyword co-occurrence analysis, both Author Keywords and Keywords Plus
were included. Full counting was applied, and the association strength normalization
method was used. The minimum keyword-occurrence threshold was set to 10. Of the 3492
identified keywords, 75 met the threshold and were included in the final network visual-
ization. No thesaurus or keyword-cleaning file was used. Clustering was performed using
the VOSviewer modularity-based clustering algorithm with the default resolution param-
eter of 1.00.

For the country-level citation and co-authorship analyses, full counting and associa-
tion strength normalization were also applied. The maximum number of countries per
document was set to 25. The minimum number of documents per country was set to 10,
and the minimum number of citations per country was set to 10. No thesaurus file was
used.

Country names were harmonized according to the Web of Science affiliation records.
No sub-national entities were merged because all records were indexed at the country
level. The initial inclusion criteria restricted the dataset to European studies, so the non-
European countries were excluded prior to generating the VOSviewer country-level net-
works to ensure consistency with the geographical scope of the review.
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2.6. Search Limitations

Several limitations inherent to this review should be acknowledged. First, the study
relies exclusively on the Web of Science Core Collection, which, despite its high-quality
indexing standards, does not encompass all relevant academic or grey literature. Conse-
quently, some pertinent studies included in other databases (e.g., Scopus, Transport Re-
search International Documentation) may not be included.

Furthermore, the search strategy was intentionally designed to prioritize sensitivity
over specificity. Although this approach reduced the risk of excluding relevant studies,
some publications employing alternative terminology may not have been captured by the
selected search terms.

Second, the restriction to English-language publications introduces a potential lan-
guage bias, which is particularly relevant in the European context. Research on public
transport accessibility is frequently published in national languages through local jour-
nals, technical reports, government documents, transport authority assessments, and con-
sultancy studies that are not always indexed in international databases. As a result, evi-
dence from certain regions, particularly Eastern and Southern Europe, may be un-
derrepresented in the reviewed dataset. This limitation may contribute to a greater visi-
bility of studies originating from countries with stronger traditions of publishing in Eng-
lish-language journals and may partially explain the geographical concentration of evi-
dence identified in this review. Furthermore, local accessibility audits, municipal planning
documents, and policy evaluations often contain detailed operational insights that are not
captured within the academic literature included in Web of Science.

Third, although the dataset consists of 685 publications, the bibliometric and thematic
review approach does not aim to provide a statistically exhaustive synthesis. Instead, it
emphasizes interpretative depth and thematic integration, which may involve selective
emphasis on more influential or representative studies.

Finally, variability in definitions and measurement of accessibility across the re-
viewed literature presents challenges for direct comparison. Differences in methodologi-
cal frameworks, spatial scales, and user group considerations may affect the generaliza-
bility of findings.

As the objective of this study was to provide a bibliometric and thematic synthesis of
the literature rather than a systematic review of intervention effectiveness, no formal risk-
of-bias or methodological quality assessment was conducted. The review included both
journal articles and conference proceedings that satisfied the predefined inclusion criteria
and were indexed in the Web of Science Core Collection. Consequently, the findings
should be interpreted as an overview of prevailing research themes, methodological
trends, and knowledge gaps rather than as a weighted evaluation of evidence strength.
To enhance reliability, greater emphasis was placed during the synthesis on studies
providing detailed empirical analyses, validated methodological approaches, and com-
prehensive accessibility assessments.

A broader discussion of the implications of these limitations and future research
needs is provided in Section 4.8.

3. Results

3.1. Network Analysis of Research Trends and Scientific Collaboration for Public
Transport Accessibility

To examine the conceptual structure and geographical collaboration patterns of re-
search on public transport accessibility, a bibliometric network analysis was performed
using VOSviewer (v1.6.20). Three complementary networks were generated from the final
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@5 VOSviewer

dataset: keyword co-occurrence, citation relationships between countries, and co-author-
ship relationships between countries.

Figure 2 presents the keyword co-occurrence network. Using a minimum occurrence
threshold of 10, 75 keywords out of 3492 identified terms were included in the analysis.
The resulting network consists of five thematic clusters connected through 1175 links,
with a total link strength (TLS) of 2352. These network characteristics indicate a highly
interconnected research field, where multiple themes and methodological approaches
overlap and interact.

a-ride problem “pickup

implementation
/2 level perfommance
- safigty models algogithm
@ T % stop management . ...
7 -, reliability Sl 1\
perceptions. behiavior transportation sl
waliing ) = : system  rolte framigwork
built enwnm@t gls trangport W
! travektime
landsuse aagess s vehicles WI network design
travel ; : optimization
p“)h(‘lsport : \/
satisfaction equity W senvice ‘ geneticalgorithm
'acce@ility iﬂ‘CT g s strategies
quality &
s simulation
‘ palicy % v
covg19 public transportation
: de@nd \
urbanmobility IR Welectrigbuses ¥

cities 4
SEIgES infras@iucture energy copsumption

Figure 2. Keywords co-occurrence (minimum occurrence threshold = 10; full counting; association-

strength normalization).

The largest cluster (red) is centered on accessibility and urban mobility issues, in-
cluding terms such as public transport, accessibility, mobility, built environment, walk-
ing, behavior, safety, and GIS. This cluster reflects research focusing on user experience,
accessibility assessment, urban planning, travel behavior, and social equity. The strong
connectivity within this cluster highlights the central role of accessibility and mobility
studies in the broader research landscape.

The second cluster (green) is associated with transport operations, infrastructure
management, and sustainable mobility systems. Frequently occurring terms include opti-
mization, network, service, demand, simulation, electric buses, infrastructure, energy con-
sumption, and emissions. Studies within this cluster primarily address operational effi-
ciency, network performance, and the implementation of sustainable transport technolo-
gies.

The third cluster (blue) is dominated by modelling and system-performance con-
cepts, including model, system, route, design, reliability, implementation, travel-time,
and transportation. This cluster reflects methodological and analytical approaches used
to evaluate, design, and optimize public transport systems.

The fourth cluster (purple) focuses on computational and algorithmic approaches,
with terms such as algorithm, pickup, a-ride problem, time windows, and models. These
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studies highlight the increasing application of optimization algorithms, intelligent
transport systems, and demand-responsive transport solutions within accessibility re-
search.

The fifth cluster (yellow) contains terms such as public transportation, services, im-
pacts, urban mobility, cities, and COVID-19. This cluster emphasizes policy impacts, ser-
vice provision, urban mobility transitions, and the societal effects of major disruptions on
public transport accessibility.

The network structure reveals substantial interconnections among clusters. Numer-
ous links between accessibility-oriented studies, operational research, transport model-
ling, and algorithmic optimization indicate that public transport accessibility has evolved
into a multidisciplinary research area. In particular, the central position of public transport
and its strong links with keywords related to accessibility, modelling, optimization, and
sustainability demonstrate the integration of social, technical, and environmental perspec-
tives within the field.

Thus, the keyword co-occurrence network, comprising 75 keywords, 1175 links, and
a total link strength of 2352, demonstrates that public transport accessibility research has
become a highly interconnected and multidisciplinary domain, integrating contributions
from urban planning, transport engineering, sustainability studies, data analytics, and in-
telligent mobility systems.

Figure 3 presents the co-authorship network among European countries. The net-
work comprises 12 countries grouped into four collaboration clusters and connected
through 25 links, with a total link strength (TLS) of 38. These values indicate a relatively
compact but well-connected collaboration structure, reflecting active scientific partner-
ships among the most productive European research communities in the field of public
transport accessibility.

The largest collaboration cluster (red) includes Germany, Belgium, France, the Neth-
erlands, and Poland. Germany occupies a prominent position within this cluster and
maintains strong collaborative relationships with neighboring countries, highlighting its
role as an important contributor to international research activities. France and Belgium
also exhibit strong collaboration links, forming a closely connected subgroup within the
network.

The second cluster (green) consists of Portugal, Denmark, and Greece. These coun-
tries are linked through a common collaboration structure and maintain connections with
other European research communities, particularly through the Netherlands and Spain.

The third cluster (yellow) includes Spain and Italy, which display strong bilateral
collaboration and act as important connectors between Southern European research
groups and the broader European network.

The fourth cluster (blue) comprises Sweden and Hungary. Although smaller in size,
this cluster remains connected to the overall network through collaborative links with It-
aly and other countries, illustrating the integration of Northern and Central European re-
search efforts within the field.

The Netherlands occupies an important intermediary position between several clus-
ters, facilitating collaboration among Western, Southern, and Northern European coun-
tries. Similarly, Spain contributes to connecting multiple collaboration groups, reinforcing
its role within the European research landscape.
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Figure 3. Co-authorship network by country (minimum occurrence threshold = 10; full counting;

association-strength normalization).

The co-authorship network demonstrates a high degree of international collaboration
among European countries. The presence of four interconnected clusters, 25 collaboration
links, and a total link strength of 38 indicates that public transport accessibility research
is supported by extensive cross-border partnerships, with Germany, France, the Nether-
lands, Spain, and Italy serving as contributors to scientific cooperation and knowledge
exchange.

Figure 4 presents the citation network among European countries. The network com-
prises 12 countries grouped into four citation clusters and connected through 31 links,
with a total link strength (TLS) of 66. Compared with the co-authorship network, the cita-
tion network exhibits a higher number of links and a greater total link strength, indicating
stronger knowledge exchange and citation relationships among European research com-
munities.

The first cluster (red) includes Germany, the Netherlands, Denmark, Sweden, and
Greece. Germany occupies a central position within this cluster and maintains citation
relationships with several countries across the network, highlighting its significant scien-
tific influence within the field. The Netherlands also plays an important role by connecting
multiple countries and facilitating citation flows between different research communities.

The second cluster (green) consists of Spain, Italy, Portugal, and Poland. Spain
emerges as a major node within this group, maintaining strong citation relationships with
neighboring countries and serving as an important contributor to the dissemination of
knowledge within Southern and Central Europe. Portugal and Poland are closely linked
to Spain, reflecting shared research interests and citation patterns.

The third cluster (blue) comprises France and Belgium, which form a highly inter-
connected citation subgroup. The strong relationship between these countries suggests a
substantial exchange of scientific knowledge and mutual influence within literature on
public transport accessibility.
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denmark

5% VOSviewer

The fourth cluster (yellow) contains Hungary, which appears as a more peripheral
node but remains connected to the broader European citation network through links with
Poland and other countries. This indicates participation in the research field despite a
comparatively lower citation intensity.

The network structure reveals several cross-cluster connections, particularly involv-
ing Germany, the Netherlands, Spain, Italy, France, and Belgium. These countries act as
important bridges between regional research communities and contribute significantly to
knowledge diffusion across Europe. The relatively high total link strength (TLS = 66) sug-
gests that public transport accessibility research is characterized by substantial intellectual
exchange and citation interdependence among European countries.

belgium

france
hungary
germany
netheglands
poland
swegden
taly
spain
gréece @
portugal

Figure 4. Citation network between countries (minimum occurrence threshold = 10; full counting;

association-strength normalization).

The citation network demonstrates that scientific influence within the field is distrib-
uted across several interconnected European research hubs rather than concentrated
within a single dominant country. Germany, Spain, the Netherlands, France, Belgium, and
Italy occupy particularly influential positions, facilitating the dissemination and integra-
tion of knowledge across the European research landscape.

3.2. Thematic Analysis of Accessibility in Bus Stops and Stations
3.2.1. Physical Accessibility

Regarding step-free access, studies [9,10,59] highlighted that barrier-free boarding
and infrastructure are fundamental for the autonomous mobility of passengers with dis-
abilities and older adults. There was broad consensus that low-floor buses and fully low-
floor tram vehicles are essential technical solutions to enable safe and efficient entry and
exit [60].

Studies [9,61,62] highlighted that accessibility should be considered across the entire
passenger journey, including boarding interfaces, transfer opportunities, and integration
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with complementary mobility services. Studies [9,59] specifically identified raised plat-
forms and level-boarding solutions as important infrastructure measures for reducing
physical barriers and facilitating independent access to public transport.

Regarding ramps and tactile paving, refs. [9,47] identified the integration of tactile
paving or signage according to standardized colors as important features for users with
visual impairments. However, implementation differences were evident; while [9] fo-
cused on the co-design of tactile elements at tourist hubs, refs. [7,10] reported significant
barriers where such infrastructure is either absent or poorly maintained in urban environ-
ments.

Regarding shelter and seating, studies [63-65] found that shelters are vital for ther-
mal comfort, protecting users from inclement weather like rain or extreme heat. Refs.
[64,66] explored innovative green shelters featuring extensive green roofs or walls to mit-
igate air pollution and provide ecosystem services. Regarding seating, ref. [9] noted that
intuitive and comfortable seating is a key requirement for older tourists and people with
reduced mobility.

Overall, the reviewed studies suggest that physical accessibility can be understood
through several interconnected dimensions: access to the stop, boarding and alighting
conditions, platform-stop interface design, wayfinding support, and waiting environment
quality.

Across these dimensions, the most frequently reported barriers include the absence
of step-free routes, insufficient curb ramps, gaps between vehicles and platforms, missing
or poorly maintained tactile paving, inadequate shelter provision, limited seating, and
deficiencies in maintenance. These barriers disproportionately affect older adults, passen-
gers with disabilities, parents with strollers, and travelers carrying luggage.

The literature further indicates that accessibility is commonly assessed using indica-
tors such as platform height compatibility, availability of ramps and tactile guidance sys-
tems, shelter and seating provision, obstacle-free pedestrian access, compliance with ac-
cessibility standards, and user-reported ease of use.

The physical accessibility dimensions identified in the reviewed literature are con-
sistent with contemporary European and international accessibility standards. EN
17210:2021 ref. [67] emphasizes barrier-free movement, accessible boarding interfaces, tac-
tile guidance systems, adequate maneuvering spaces, and universally understandable en-
vironmental information. Similarly, ref. [68] ISO 21542:2021 provides detailed require-
ments and recommendations for the accessibility and usability of the built environment,
including pedestrian routes, ramps, circulation spaces, wayfinding elements, and access
interfaces. These standards correspond closely to the recurring infrastructure barriers re-
ported across the analyzed studies, including inadequate boarding conditions, missing
tactile paving, discontinuous pedestrian routes, and insufficient wayfinding support
[67,68].

Thus, these findings demonstrate that physical accessibility depends not only on in-
dividual infrastructure elements but also on the continuity of the entire access chain from
the surrounding pedestrian environment to the boarding interface.

3.2.2. Information and Wayfinding

Regarding signage clarity, studies [7,47,69] indicated that clear signage is essential
for all users but is often inadequately adapted, especially for people with disabilities. Ref.
[47] proposed an Al-based electronic system to help visually impaired users recognize
standardized signage, such as bus stops and pedestrian crossings, using audible feedback.

On audio-visual information systems, ref. [44] identified a major gap in audio infor-
mation, noting that deaf and hard-of-hearing passengers frequently struggle to under-
stand voice messages in vehicles or at stations. Conversely, for the visually impaired, refs.
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[7,10] concluded that the lack of Braille and audio formats at stops remains a significant
barrier to independent travel.

The authors in [38,70] consistently found that Real-Time Passenger Information
(RTPI) significantly improves the attractiveness of public transport by reducing perceived
waiting times. Studies [71,72] focused on providing Real-Time Crowding Information
(RTCI), arguing it allows passengers to spontaneously distribute themselves more evenly
across vehicles.

Beyond disability-related considerations, the effectiveness of information and way-
finding systems also depends on the characteristics of different user groups. Older adults
may experience difficulties associated with reduced visual acuity, hearing impairments,
lower digital literacy, or increased cognitive load when navigating complex transport en-
vironments. Similarly, tourists, occasional users, and individuals unfamiliar with local
transport networks often rely more heavily on intuitive signage, simplified route infor-
mation, and consistent wayfinding cues. Consequently, the literature increasingly advo-
cates for user-centered information systems that combine digital technologies with uni-
versally accessible design principles, ensuring that information remains understandable,
visible, and usable across diverse passenger groups.

Particular attention should be given to the needs of older adults, who represent an
increasing proportion of public transport users across Europe. According to the World
Health Organization, age-friendly urban environments require accessible information
systems characterized by clear signage, adequate lighting, readable displays, intuitive
navigation, and safe waiting areas. These elements contribute not only to accessibility but
also to confidence, autonomy, and independent mobility among ageing populations [73].

3.2.3. User Experience and Safety

Perceived safety is a major determinant of mode choice, according to [74]; low per-
ceived safety is negatively correlated with public transport usage. Refs. [75,76] showed
that women, young people, and the elderly report higher levels of fear of crime, which
can restrict their daily mobility. The presence of lighting and security personnel was iden-
tified by [76,77] as a mitigating factor, though its effectiveness varies among different user
groups.

Comfort was assessed through multiple dimensions, including thermal comfort
through shelter design, enclosed waiting areas and passive cooling solutions [63,65]. The
potential contribution of radiative-cooling approaches has also been discussed in founda-
tional literature outside the review period [78]. Ride comfort was addressed through min-
imizing sudden acceleration and jerk during bus docking [55,79]. Ref. [20] also highlighted
the hedonic quality or architectural beauty of stations, finding that passengers are often
willing to pay more or travel longer to use high-quality terminals.

Vulnerable groups, including the elderly and people with physical or sensory disa-
bilities, face unique challenges such as ableist attitudes from staff and physical barriers in
the built environment according to [59,69]. Refs. [7,9] emphasized that inclusive design
should be consistent with user expectations and involve these communities in the co-cre-
ation of transport infrastructure.

3.2.4. First-Mile and Last-Mile Connectivity

Regarding access to and from stops, refs. [35,80] studied the factors affecting the max-
imum distance public transport users are willing to walk to a bus stop or for transfer at
the hub [2]. Study [81] emphasized walking distance to school as a critical determinant of
accessibility for children.

The study also highlighted multiple benefits of walking school bus schemes and pro-
posed defining walkability according to children’s needs for comfort and safety by being
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able to join any Walking School Bus (WSB) by easily reaching no more than 1-2 min walk-
ing distance from their home to the school or to the nearest pick-up point.

Studies [62,82] indicated that the integration of bike-sharing as a last-mile solution is
widely explored in Budapest, with proximity to bus stops increasing bike-sharing trip in-
tensity. Ref. [62] highlighted that while public transport and active modes often comple-
ment each other, bike-sharing can also substitute for short transit trips (one or two stops)
when it is faster or avoids transfers. However, ref. [82] revealed correlations of some built
environment features with bike crashes in the suburbs.

Beyond walking distance alone, connectivity is influenced by the spatial configura-
tion of transport facilities. Important elements include sidewalk continuity, pedestrian
crossing density, curb ramp availability, bicycle parking facilities, bike-sharing docking
stations, interchange layouts, transfer distances between modes, and wayfinding continu-
ity. Research increasingly highlights that accessibility depends on the quality of the entire
access corridor rather than solely on the bus stop itself.

These findings indicate that connectivity should be evaluated as a network-level
characteristic involving the continuity and integration of pedestrian, cycling, and transfer
infrastructure (Table 2). Consequently, improvements to accessibility require coordinated
design of the entire first- and last-mile environment rather than isolated interventions at
bus stops alone.

Table 2. Infrastructure Components Influencing First-Mile and Last-Mile Accessibility.

Component Function Accessibility Impact Representative
References

Sidewalk network Walking access Improves stop reachability [35,80]
Pedestrian crossings Safe street crossing Reduces access barriers [80,81]
Bicycle parking Bicycle-transit integration Encourages multimodal trips [62,82]
Bike-sharing stations Last-mile mobility Extends catchment area [82,83]

Interchange design Transfer facilitation Reduces transfer burden [2,30,53]
Wayfinding continuity Navigation support Improves multimodal accessibility [49,53]

Beyond cycling and walking, several studies highlighted the importance of integra-
tion with rail, metro, tram, and demand-responsive transport services. The effectiveness
of bus accessibility is strongly influenced by transfer quality between modes, including
transfer distances, timetable coordination, unified ticketing systems, and information con-
tinuity.

Multimodal accessibility is particularly important for vulnerable users, who often ex-
perience greater difficulties during transfers than during in-vehicle travel. Consequently,
transport hubs should be evaluated not only as physical facilities but also as interfaces
within broader mobility networks.

3.2.5. Accessibility Assessment Methods

Accessibility is increasingly recognized as a multidimensional concept that extends
beyond simple physical proximity to transport services. Accessibility results from the in-
teraction between transport systems, land-use patterns, temporal constraints, and indi-
vidual user characteristics. Thus, accessibility assessment should incorporate not only in-
frastructure-related indicators but also spatial, social, and behavioral dimensions. This
broader perspective supports the integrated analytical framework adopted in the present
review and helps explain the diversity of methodologies identified across the reviewed
studies [83].

Accessibility assessment methods identified in the literature can be organized into an
integrated framework that links data collection, analytical techniques, and performance
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evaluation. Rather than representing independent approaches, audits, surveys, spatial
analysis tools, predictive models, and accessibility indicators are often applied sequen-
tially to transform raw observations into measurable accessibility outcomes. Table 3 sum-
marizes the main stages of this process and the corresponding methods, data types, and
outputs reported in the reviewed studies.

Table 3. Integrated Framework of Accessibility Assessment Methods, Data Sources, and Perfor-

mance Indicators.

Stage Method Data Collected Output Indicators Representative
References
Data Collection =~ Audits and inspections Infrastructure characteristics = Compliance scores [6,7,33]
Data Collection  Surveys and interviews User perceptions Satisfaction indicators  [14,34,74]
Spatial Analysis GIS methods Catchment areas, connectivity Accessibility indices [45,54,80]
Predictive Analysis  Simulation and ML Passenger flows, crowding Forecast indicators [71,72,84]

Evaluation

Composite indicators

Integrated ibility perfor-
ntegrated accessibllity perfor- A cessibility score  [63,76,85]
mance

As shown in Table 3, accessibility assessment generally begins with the collection of
infrastructure and user-related data through audits, inspections, surveys, and interviews.
These data are subsequently analyzed using spatial and predictive methods, including
GIS-based accessibility modelling, simulation, and machine-learning approaches. The
outputs of these analyses are then translated into performance indicators, such as accessi-
bility indices, satisfaction measures, occupancy forecasts, or composite accessibility
scores, which support the evaluation and comparison of transport facilities. This inte-
grated perspective highlights the methodological progression from data acquisition to ev-
idence-based decision-making.

Physical audits and in-field inspections were used to evaluate compliance with ac-
cessibility and safety standards and identify infrastructure deficiencies by [6,7]. Ref. [7]
involved collaboration with disability organizations to capture the lived experiences of
users, while [14] gathered data from workshops, questionnaires, observations and inter-
views.

In studies [80,86] GIS was the dominant tool for spatial analysis, used to delineate
catchment areas, estimate demand at the stop level, and map spatial connectivity or reach-
ability. Studies [87,88] included 3D GIS models to evaluate the service quality of bicycle
paths or the solar potential of bus shelters. One example of a modelling approach em-
ployed in accessibility assessment is the use of Colored Hybrid Petri Nets (CHPNSs) for
studying the behavior of a multimodal transportation system (MTS) [1].

Regarding the accessibility indices, various authors have used different metrics [85].
For example, ref. [63] used the Savings-to-Investment Ratio (SIR) indicator for evaluating
and improving the thermal comfort of a shelter in the winter season, ref. [39] for cost—
benefit analyses based on the users’ willingness to pay, and ref. [84] for indices specifically
to forecast the occupancy of a public transport vehicle the day ahead. The Savings-to-In-
vestment Ratio (SIR) compares the expected operational and user benefits generated by
an intervention against the investment required for its implementation.

3.2.6. Variability Across European Cities

Comparative studies [89-91] showed that accessibility conditions vary considerably
across European countries and regions due to differences in transport policies, urban
form, infrastructure investment, and demographic characteristics. To provide a structured
overview of these variations, Table 4 summarizes the main accessibility characteristics,
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strengths, challenges, and representative findings reported in the reviewed literature
[67,92].

Table 4. Accessibility Characteristics across European Contexts.

Main Findings in Reviewed Litera- R tati
Country ain Findings in Reviewed Litera Strengths Challenges epresentative
ture References
Hioh seni facti -
Sweden 161 SEmot s‘at1s a.ctlon .and sustain Integrated planning Rural accessibility [89,90]
ability orientation
. High share of environmentally . .
Finland friendly fleets Service quality Sparse rural areas [89]
Ikabili . h T
Netherlands Strong walkability :and interchange Multimodal integration Congestion in [2,35,74]
planning hubs
. . s Historical urban
Spain Extensive accessibility assessments =~ User-centered approaches . . [3,7,9]
fabric constraints
Poland Strong GIS-based evaluations Infrastructure modernization Compliance gaps [10,33,45]
Walki ibility and bike-shar- imple-
Hungary atking ac.ces§1 Hy a‘n treshar First-last mile research Uneven 1r'np € [62,80,82]
ing integration mentation
A ibility defi-
Rural Europe Lower service levels Lower congestion cce551d1t; y dett [22,26,37]

As shown in Table 4, Nordic countries such as Sweden and Finland generally demon-
strate higher levels of sustainability and user satisfaction, supported by integrated
transport planning and environmentally friendly vehicle fleets. The Netherlands is fre-
quently cited as an example of successful multimodal integration, particularly regarding
walking accessibility and interchange design. In contrast, studies from Spain and Poland
highlight ongoing challenges related to infrastructure modernization, compliance with
accessibility standards, and the constraints imposed by historical urban layouts.

Regarding differences between urban and rural/smaller cities, the studies
[22,37,93,94] indicated that rural and smaller cities face severe accessibility gaps, with
lower service frequencies leading to higher car dependency. In contrast, refs. [26,71,72]
showed that larger cities often suffer from overcrowding and bus bunching on major cor-
ridors, requiring different management strategies than those used in low-demand areas.

Significant gaps between legislation and practice were noted by [8,10,80,95], where
cities fail to meet mandated accessibility standards despite significant financial invest-
ments. Refs. [3,7,13,96] argued that these gaps often stem from a failure to consider the
complete accessibility chain, leaving users stranded by a single inaccessible link in their
journey.

3.2.7. Cross-Cutting Accessibility Impacts Across User Groups

While the preceding sections examined accessibility factors individually, the re-
viewed literature indicates that their impacts differ across population groups. Older
adults, passengers with disabilities, women, children, tourists, and occasional users expe-
rience accessibility barriers in distinct ways. However, these barriers rarely occur in iso-
lation. Physical accessibility, information provision, perceived safety, and first- and last-
mile connectivity often interact to shape the overall travel experience.

For example, older adults may be affected simultaneously by long walking distances,
insufficient seating, poor lighting, and difficulties using digital information systems, as
Table 5 shows. Similarly, passengers with visual impairments may encounter combined
challenges related to tactile guidance, audio information, and wayfinding continuity. The
literature therefore suggests that accessibility should be evaluated not only through infra-
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structure characteristics but also through the experiences of different user groups
throughout the entire travel chain.

Table 5. Accessibility Impacts Across User Groups.

User Group

Main Accessibility Challenges Relevant Themes

Older adults

Long walking distances, insufficient seating, Physical accessibility, information sys-
digital exclusion tems, connectivity

People with disabilities

Boarding gaps, missing tactile paving, inac-

cessible information Physical accessibility, wayfinding

Women Fear of crime, poor lighting, isolated stops User experience and safety
Unsafe crossings, limited independent mo- L.
Children & e P Connectivity, safety
bility
Tourists and occasional users Navigation difficulties, unfamiliar systems Information and wayfinding

Thus, the findings demonstrate that accessibility outcomes depend on the interaction
between infrastructure characteristics and user-specific needs. This reinforces the im-
portance of universal design and user-centered planning approaches capable of address-
ing the requirements of diverse population groups.

4. Discussion

This bibliometric and thematic review examined accessibility in bus-based public
transport across European cities through four guiding research questions: (1) What barri-
ers affect accessibility at bus stops and stations? (2) Which methods are used to assess
accessibility? (3) What regional differences exist across Europe? (4) What planning recom-
mendations emerge for more inclusive mobility systems? The findings indicate that acces-
sibility is a multidimensional issue shaped by physical design, information quality, user
experience, spatial connectivity, governance capacity, and territorial context.

Although many European cities have advanced fleet modernization and sustainabil-
ity agendas, stop- and station-level environments often remain the weakest link in the
passenger journey.

The reviewed literature distinguishes between bus stops and bus stations in terms of
scale, complexity, and operational function. Bus stops primarily support boarding and
alighting activities, whereas bus stations serve as multimodal interchange environments
characterized by multiple platforms, waiting areas, information services, retail functions,
and complex passenger flows. Consequently, accessibility challenges at stations extend
beyond physical access and include wayfinding, transfer coordination, crowd manage-
ment, and service integration.

4.1. Conceptual Interpretation of Accessibility

The reviewed evidence suggests that accessibility should be interpreted through the
concept of the “accessibility chain”, according to which successful travel depends on the
continuity of all journey segments rather than on isolated infrastructure components.

Physical accessibility, information provision, safety, comfort, and multimodal con-
nectivity operate as interdependent elements. A deficiency in any link of the chain may
compromise the usability of the entire transport system.

The findings also align with universal design principles, which emphasize environ-
ments that can be used by the widest possible range of users without the need for adap-
tation. The recurring barriers identified in the literature, such as missing tactile paving,
inadequate information systems, and discontinuous pedestrian access, indicate that acces-
sibility challenges often stem from incomplete implementation of universal design prin-
ciples.
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Thus, the results can be interpreted through a transport equity perspective. Differ-
ences between urban and rural areas, and between Northern and Southern European con-
texts, suggest that accessibility is unevenly distributed across territories and population
groups.

4.2. What Barriers Affect Accessibility at Bus Stops and Stations?

The thematic synthesis identified recurring barriers across all dimensions of accessi-
bility (Section 3.2.1), indicating that deficiencies rarely occur in isolation but interact
throughout the accessibility chain.

These barriers disproportionately affect wheelchair users, visually impaired passen-
gers, older adults, parents with strollers, and travelers carrying luggage. Even where low-
floor buses are available, inaccessible boarding interfaces may prevent autonomous use
of the system.

Informational barriers were also prominent. Inadequate signage, poor legibility, lack
of multilingual information, missing Braille elements, and insufficient audio announce-
ments reduce independent navigation for both disabled users and unfamiliar passengers.
In increasingly complex transport environments, information accessibility is as important
as physical accessibility.

Psychological and social barriers further influence travel behavior. Poor lighting, iso-
lated stop locations, vandalism, or fear of crime may discourage use, especially among
women, younger users, and elderly passengers. Negative staff attitudes or lack of assis-
tance can also reduce perceived inclusiveness.

These findings confirm that accessibility should not be understood solely as infra-
structure compliance, but rather as the extent to which users can confidently and comfort-
ably complete a journey.

Finally, first-mile and last-mile barriers frequently determine whether bus services
are practically reachable. Unsafe crossings, discontinuous sidewalks, long walking dis-
tances, and weak cycling integration can undermine otherwise efficient bus networks.

A comparison across the thematic categories reveals that accessibility barriers rarely
occur independently. Physical accessibility deficiencies are frequently reinforced by inad-
equate information systems, safety concerns, or weak first- and last-mile connectivity. For
example, a bus stop may technically provide step-free access yet remain difficult to use if
wayfinding information is unclear or if unsafe pedestrian crossings discourage access.

Similarly, the absence of shelter, seating, or lighting may amplify the perceived bur-
den of long walking distances, particularly for older adults and passengers with reduced
mobility. These findings suggest that accessibility outcomes are determined not by indi-
vidual infrastructure elements alone but by the interaction between multiple components
throughout the travel chain.

4.3. Which Methods Are Used to Assess Accessibility?

The reviewed literature demonstrates considerable methodological diversity in how
accessibility is assessed. One common approach involves physical audits and in-field in-
spections, which evaluate stop design, safety features, compliance with standards, and
maintenance quality. These studies are particularly valuable because they identify practi-
cal deficiencies that may not appear in official datasets.

GIS-based approaches were also widely used. Spatial analysis methods help estimate
walking catchments, stop reachability, demand distribution, connectivity to destinations,
and territorial inequalities. Such methods are especially relevant for planners because they
translate accessibility into measurable spatial indicators.

User-centered methods, including surveys, interviews, focus groups, and co-design
workshops, provide important insight into lived experience. These approaches often re-
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veal discrepancies between technically compliant infrastructure and actual user satisfac-
tion. For example, a stop may meet dimensional standards while still feeling unsafe, con-
fusing, or uncomfortable.

The review also found increasing use of predictive analytics, simulation models, and
machine learning for vehicle crowding, demand forecasting, and service optimization.
These methods signal a transition toward data-driven management of public transport
accessibility. However, quantitative models should be complemented by qualitative evi-
dence to avoid reducing accessibility to purely operational metrics.

Overall, no single method is sufficient. The most robust assessments combine infra-
structure audits, GIS metrics, and user experience evidence within an integrated evalua-
tion framework.

A notable contradiction emerges from the reviewed literature. Several cities demon-
strate high levels of regulatory compliance while users continue to report accessibility dif-
ficulties. This suggests that compliance with technical standards does not automatically
translate into positive user experience. Future assessments should therefore integrate ob-
jective infrastructure indicators with subjective user perceptions.

4.4. What Regional Differences Exist Across European Cities?

The reviewed literature suggests the presence of territorial differences in accessibility
outcomes across Europe. Evidence reported in several studies is more frequently associ-
ated with Northern and some Western European contexts, particularly regarding inte-
grated planning approaches, environmental modernization, passenger comfort, and user
satisfaction. However, direct cross-country comparisons remain limited because the re-
viewed studies employ heterogeneous methodologies, indicators, and spatial scales.

The reviewed studies also indicate that several European regions continue to face
challenges related to aging infrastructure, fragmented governance arrangements, limited
funding capacity, or delayed implementation of accessibility measures. In addition, his-
torical urban fabrics in some Southern and Central European cities may create additional
constraints for accessibility improvements due to narrow streets, heritage preservation
requirements, and limited availability of public space.

The literature further suggests that rural and smaller urban areas often face a distinct
set of accessibility challenges. Lower service frequencies, longer walking distances, sparse
transport networks, and greater dependence on private vehicles are frequently reported
as barriers affecting practical accessibility. At the same time, studies focusing on larger
metropolitan areas commonly identify issues related to overcrowding, bus bunching, pas-
senger congestion, and the management of complex interchange environments.

The bibliometric analysis also revealed differences in research production and scien-
tific influence across the reviewed literature. While collaboration networks were relatively
widespread across European countries, higher citation activity was more frequently asso-
ciated with countries such as the Netherlands, Sweden, Germany, and Spain. These find-
ings suggest that the geographical distribution of scientific influence may be more uneven
than the distribution of research participation itself.

Finally, the reviewed evidence indicates that accessibility outcomes are influenced
not only by infrastructure investment levels but also by governance capacity, planning
integration, and policy continuity. Several studies reported accessibility shortcomings
even in cities with substantial financial investment, suggesting that resource availability
alone does not guarantee successful implementation. Conversely, some studies docu-
mented positive accessibility outcomes where coordinated planning and stronger integra-
tion between transport modes were present. These findings highlight the importance of
governance and institutional factors in shaping accessibility performance across different
urban contexts.
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4.5. What Planning Recommendations Emerge for Inclusive Urban Mobility?

Several practical recommendations emerge from the review. Recent policy frame-
works developed by the International Transport Forum emphasize that accessibility
should be considered a primary objective of transport planning rather than a secondary
outcome of infrastructure provision. Accessibility-oriented planning focuses on connect-
ing people with opportunities while reducing transport disadvantages and social exclu-
sion. This perspective aligns with the findings of the present review, which highlight the
strategic importance of bus stops and stations as critical components of inclusive urban
mobility systems [97].

Firstly, the reviewed studies consistently indicate that deficiencies in boarding inter-
faces, shelter provision, seating, and pedestrian access remain among the most frequently
reported barriers. Therefore, cities should prioritize upgrading bus stops and stations as
strategic infrastructure assets.

Secondly, planning should adopt an accessibility chain approach, ensuring that walk-
ing routes, crossings, interchanges, and final destinations are considered part of the same
user journey. A modern low-floor bus has limited value if users cannot safely reach the
stop or transfer between modes.

Third, inclusive design should be participatory. Disabled passengers, older adults,
caregivers, and local communities should be involved in stop redesign and service plan-
ning. Co-design can improve both usability and legitimacy of interventions.

Fourth, digital tools such as real-time passenger information, crowding alerts, and
Al-supported navigation should be expanded, but always alongside non-digital alterna-
tives. Smart technologies should complement, not replace, clear signage, audio announce-
ments, and intuitive layouts.

Fifth, policy support should be territorially differentiated. Metropolitan areas may
require congestion and interchange management, whereas smaller cities and rural areas
need better coverage, frequency, and demand-responsive solutions. European and na-
tional funding programs should account for these differing needs.

4.6. Broader Implications for Sustainable Transport Policy

The results demonstrate that accessibility is closely linked to wider sustainability
goals. Better stop environments can increase public transport attractiveness, reduce pri-
vate car dependency, support healthier walking access, and improve social inclusion. In
this sense, investment in bus stop accessibility should be understood not only as a welfare
measure, but also as an environmental and economic strategy.

The growing prominence of electric buses and smart mobility technologies further
reinforces the need to align decarbonization with inclusion. A transport system cannot be
considered fully sustainable if zero-emission vehicles remain difficult to access for signif-
icant user groups.

The research questions are synthesized in Table 6.

Table 6. Synthetic Summary of Discussion Findings Based on Research Questions.

R tati
Research Question Main Findings Practical Implications epresentative
References
Maj iers include st
al?] (r)fr:j;?e:ielzg(;r? z\fei}?:;fso?:ciué? Accessibility improvements should
(1) What barriers affect & . P . address both physical and psycho-
. ramps, missing tactile paving, inade- . . . [6,7,9,10,44,59,74,7
accessibility at bus . . logical barriers through universal
quate shelter and seating, poor signage, 6]

stops and stations?

insufficient audio/visual information,

design, maintenance, and safer wait-

. . . ing environments.
and perceived insecurity.

https://doi.org/10.3390/urbansci10070399


https://doi.org/10.3390/urbansci10070399

Urban Sci. 2026, 10, 399 22 of 29

Studies commonly use infrastructure

(2) Which methods are audits, GIS-based spatial analysis, sur- Cities should adopt mixed-method

frameworks combining objective in-[6,7,14,33,34,45,54,

used to assess accessi- veys, interviews, co-design workshops, .. . . .
. . . . dicators with user experience evi- 84]
bility? simulation models, and predictive ana- d

ence.

lytics.

Northern and Western cities often per-

(3) What regional dif- form better in planning integration and Accessibility policies should be ter-

ferences exist across
European cities?

user satisfaction, while other areas face ritorially differentiated according to [3,22,26,37,89—
funding, governance, or legacy infra- local spatial, economic, and institu- 91,93]
structure challenges; rural areas face tional conditions.
lower accessibility.

Priorities include level boarding, tactile
(4) What planning rec- guidance, shelters, seating, lighting,
ommendations emerge safer access routes, participatory de-

Municipalities and operators should
treat stops and stations as strategic [9,23,35,47,52,62,6

. . . . . . mobility assets and not minor road- 4,80
for inclusive mobility? sign, integrated first-/last-mile plan- Y side elements |
ning, and inclusive smart technologies. ’

4.7. Accessibility Within Multimodal Mobility Systems

The findings demonstrate that accessibility cannot be evaluated exclusively at the bus
stop level. Bus stops and stations function as nodes within wider multimodal systems
involving walking, cycling, rail, tram, metro, and shared mobility services. Accessibility
therefore depends on the quality of transfers, continuity of information, and integration
between transport modes.

Peer-reviewed studies suggest that transfer penalties often represent a greater barrier
than in-vehicle travel time. Thus, future planning should prioritize seamless modal inte-
gration through coordinated infrastructure design, unified information systems, and re-
duced transfer complexity.

4.8. Research Gaps, Future Directions, and Limitations of the Review

Although the literature on accessibility in bus-based public transport has expanded
rapidly in recent years, several important gaps remain. Building upon the methodological
limitations outlined in Section 2.6, more comparative studies are needed across Eastern,
Southern, and Northern European contexts in order to better understand how governance
models, funding capacity, urban form, and policy priorities shape accessibility outcomes.
Rural and smaller urban areas also remain underexplored relative to metropolitan sys-
tems, despite facing distinct challenges such as lower service frequencies, greater car de-
pendency, and weaker multimodal integration. In addition, longitudinal evidence on the
long-term effects of stop and station upgrades, digital passenger information systems, and
climate-resilient shelter design is still limited.

Future research should place greater emphasis on combining objective accessibility
indicators with subjective user perceptions such as comfort, dignity, autonomy, confi-
dence, and perceived safety. This is particularly relevant for vulnerable groups, including
older adults, passengers with disabilities, women, and occasional users, whose experi-
ences are not always adequately captured through conventional infrastructure audits or
GIS-based metrics. More interdisciplinary approaches integrating transport planning, ur-
ban design, public health, and social inclusion perspectives would further strengthen the
evidence base.

At the same time, the findings should be interpreted in light of the methodological
limitations discussed in Section 2.6. These include the exclusive use of the Web of Science
Core Collection, the restriction to English-language publications, variability in accessibil-
ity definitions and measurement approaches, and the interpretative nature of thematic

https://doi.org/10.3390/urbansci10070399


https://doi.org/10.3390/urbansci10070399

Urban Sci. 2026, 10, 399

23 of 29

synthesis. While these limitations may affect the comparability and generalizability of in-
dividual findings, the broad multidisciplinary dataset nevertheless provides a robust
overview of recent research trends and emerging priorities.

Furthermore, definitions and measurement approaches to accessibility varied sub-
stantially across disciplines, methods, and case studies, which limits direct comparability
of findings. Nevertheless, the inclusion of a broad multidisciplinary dataset provides a
robust overview of recent research trends, recurring barriers, and emerging priorities in
the field of inclusive bus-based mobility.

Two additional cross-cutting themes, broader sustainability implications and re-
maining research gaps, are summarized in Table 7.

Table 7. Summary of Cross-Cutting Findings on Sustainability and Research Gaps.

Research Question

Representative

Main Findi Practical Implicati
ain Findings ractical implications References

What broader sustain-

Accessible bus infrastructure can in-
crease ridership, reduce car depend-  Accessibility investment should be

ability implications ence, support walking, and improve so- framed as both a social equity and [4,5,20,39,65,89]

arise?

cial inclusion while complementing climate strategy.

fleet decarbonization.

What research gaps re- rope, rural contexts, long-term infra-

main?

structure impacts, and subjective expe-

Limited evidence exists for Eastern Eu-

Future studies should expand com-
parative, longitudinal, and user-cen-[22,26,37,56,93,96]

. tered research designs.
riences of vulnerable users.

Beyond the research gaps summarized in Table 7, this review provides several
broader insights into the evolution of accessibility research in bus-based public transport.

A contribution to this review is the identification of a clear shift in the accessibility
literature from purely physical infrastructure considerations toward a broader under-
standing of accessibility as a multidimensional concept.

Across the analyzed studies, accessibility was increasingly linked not only to stop
design characteristics such as shelter quality, boarding conditions, and pedestrian connec-
tivity, but also to digital passenger information, perceived safety, comfort, social inclu-
sion, and environmental sustainability.

The review further reveals a strong concentration of evidence from Western and
Northern European urban contexts, while Eastern European regions, rural areas, and
small and medium-sized cities remain substantially underrepresented. Another im-
portant finding is the limited integration of objective accessibility indicators with user-
centered assessments, resulting in a fragmented evidence base that often evaluates infra-
structure performance separately from passenger experience.

By synthesizing these trends across 90 thematically relevant studies and a broader
bibliometric dataset of 685 publications, this review provides a structured overview of the
evolution of accessibility research in bus-based public transport and identifies priority ar-
eas for future investigation and policy development.

5. Conclusions

This bibliometric and thematic review examined recent research (2020-2026) on ac-
cessibility in bus-based public transport infrastructure across European cities, with a par-
ticular focus on bus stops and stations. Drawing on 685 publications identified through
the Web of Science Core Collection and a thematic synthesis of the most relevant studies,
the review explored accessibility barriers, assessment approaches, regional differences,
and emerging research directions.
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The findings indicate that accessibility is a multidimensional concept shaped by the
interaction of physical infrastructure, information and wayfinding systems, user experi-
ence and safety, first- and last-mile connectivity, and broader governance and territorial
factors. Across the reviewed literature, the most frequently reported barriers include de-
ficiencies in boarding interfaces, inadequate pedestrian access, limited shelter and seating
provision, insufficient information systems, safety concerns, and discontinuities within
the accessibility chain.

The review also showed that accessibility outcomes vary across European contexts,
with differences associated with urban form, planning practices, service provision, and
infrastructure investment. Furthermore, the literature demonstrates increasing attention
to multimodal accessibility, digital information systems, predictive analytics, and user-
centered approaches for evaluating transport accessibility.

The review highlights several areas requiring further investigation. Future research
would benefit from greater methodological integration between infrastructure assess-
ments, spatial analysis, and user experience studies. Additional comparative research
across underrepresented European regions, particularly rural and smaller urban contexts,
is also needed.

More evidence is required on how emerging technologies, and multimodal transport
systems influence accessibility outcomes for diverse user groups. Thus, the findings con-
firm the importance of considering bus stops and stations as critical components of inclu-
sive and sustainable urban mobility systems.

From a practical perspective, the findings suggest three priority actions: integrating
accessibility considerations throughout the entire passenger journey, including first- and
last-mile connections; strengthening the deployment of accessible information and way-
finding systems; and ensuring that accessibility standards are consistently implemented
across both urban and rural contexts. These measures can support more inclusive and
sustainable bus-based public transport systems across Europe.
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