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Abstract. Public transportation aims to meet the mobility needs of het-
erogeneous target groups. Therefore, the importance of human-centered
methods for the further development of transport and related informa-
tion services is growing. This paper analyzes the development of the
application of human-centered design in the context of public transporta-
tion. According to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA), a literature review in ACM Digital Li-
brary, IEEE Xplore, Web of Science, and Scopus database is conducted.
The analysis represents publications from 32 countries or territories glob-
ally. As a result, 106 publications with the year of publication between
2004 and 2023 show the growing importance of human-centered methods,
such as interviews, observations, surveys, user studies, and prototyping
for different application areas in public transport. The results reveal a
trend towards quantitative and computational methods in addition to
the qualitative user-centered methods for networking information sys-
tems related to public transport. This trend is observed alongside the
growing implementation of automation systems in vehicles.

Keywords: human-centered design · user-centered design · public trans-
portation · literature review.

1 Introduction

The growing challenges of urbanization and climate change underline the impor-
tance of prioritizing public transport. Public transport is associated with signif-
icant contributions to the local community and living conditions, particularly in
terms of economic and environmental aspects [93]. Economically, efficient pub-
lic transport systems can stimulate economic growth by improving accessibility
and connectivity. As the infrastructures of public transportation advance, locals
are able to mobilize for diverse purposes, spanning business, employment, recre-
ation, education, and various activities, thereby enhancing their overall quality
of life [101]. From an environmental perspective, public transport plays a cru-
cial role in reducing the carbon footprint associated with the usage of private
vehicles [39]. As a result, public transport helps establish healthier and more
sustainable living environments for the locals.
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The adaptability and focus on end-user needs make Human-Centered Design
(HCD) an effective approach for establishing innovative and effective solutions
in the public transportation system. Several studies have shown that HCD has
been widely used in various disciplines, including healthcare [76], workspace [13],
manufacturing industry [50], tourism technology [91], and urban concept [16].
The implementation of HCD aims to design products or services that align with
user needs and desires by taking the interaction of human beings with the en-
vironment into consideration [6]. The application of HCD encourages people to
use public transportation as their preferred mode of travel, which is in line with
sustainability and the development of a climate-neutral city. Additionally, apply-
ing HCD results in the improvement of community engagement and promotes
a mutual relationship between all stakeholders involved, including passengers,
drivers, operators, and city planners.

First analysis research in the area of transportation systems shows the rising
importance of User Experience (UX) and usability in transportation [98]. While
the analysis focuses on UX and usability in driving from 2000 to 2019, a signifi-
cant research gap exists concerning the application of the HCD principle in public
transportation services for a diverse target group. Investigating the development
of HCD in public transportation systems is crucial for addressing usability chal-
lenges and enhancing passenger experience. Prioritizing research in this area
leads to the design of more user-friendly public transportation systems, thereby
potentially increasing public usage and overall satisfaction among stakeholders in
public transportation. Considering the importance of HCD in public transporta-
tion and the advantage of literature review, this paper conducted a literature
review of the scientific publications related to HCD in public transportation
from 2004 onwards that are collected from four journal databases. Besides the
literature review, country performance, trends and methods, and keywords co-
occurrence analysis were also conducted based on the result from the literature
review. The paper presents a collection of literature connecting HCD principles
with public transportation. Additionally, key methodologies and emerging trends
in the development of HCD in public transportation were identified, providing
researchers with a resource for further exploration and for conducting future
studies in this field.

This study is guided by the following research questions, which serve as the
foundation for the investigation and analysis:

RQ 1 How has the application of HCD developed in the context of public
transportation?

RQ 2 What are the methodologies and topics of HCD that have been applied
in the context of public transportation?

The remainder of this paper is structured as follows. Section 2 discusses
related works. Section 3 describes the methods used for the literature search,
filtering, and analysis. The results of the literature review are presented in Sec-
tion 4. Finally, Section 5 concludes the paper.
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2 Human-Centered-Design Public Transportation

The consideration of user needs in different development processes is discussed in
the scientific literature under the terms "human-centered" and "user-centered".

In addition to the use of the system by users, the term "human-centered" also
takes into account its impact on stakeholders who are not directly involved in its
use [21]. This includes drivers and passengers of public transport, staff in con-
trol centers, and economic and political decision-makers, who may be indirectly
influenced by or exert influence upon the systems themselves.

The term "user-centered" primarily refers to development processes in which
the development team takes the needs of the users into account [1]. For this
purpose, methods for direct user participation, such as interviews, observation,
and usability tests are used. Additionally, indirect consideration of users’ needs
through expert evaluations is also put into practice.

Since both Human-Centered Design (HCD) and User-Centered Design (UCD)
aims at an improved adaptation of the public transport system to different us-
age situations and perspectives, both terms are considered in the analysis of
this paper. Moreover, the application of HCD/UCD in public transportation
offers numerous advantages to diverse stakeholders involved in the transporta-
tion system. Firstly, for commuters, HCD/UCD ensures that transportation sys-
tems are designed and built to meet the commuters’ specific needs and prefer-
ences [27, 79, 119]. By prioritizing UX, HCD/UCD can enhance overall comfort
and satisfaction among passengers, leading to an increase in the number of us-
ages [5]. Secondly, for transportation authorities and policymakers, HCD/UCD
provides valuable insights into people’s travel behavior and facilitates planners
and policymakers to identify areas with great potential for improvement, en-
abling them to design more efficient, accessible, and sustainable transportation
solutions [39]. Furthermore, HCD/UCD facilitates insights into enhancing safety
and security for public transportation crews, operators, and drivers, thereby con-
tributing to an overall improvement in transportation services [25]. Moreover,
HCD/UCD promotes inclusiveness by considering the diverse needs of different
demographic groups, including the elderly [67, 18], disabled [104, 20], and eco-
nomically disadvantaged individuals [2]. In summary, by prioritizing the needs
and experiences of users, HCD/UCD in public transportation can benefit com-
muters, transportation operators, urban planners, and local communities as a
whole, leading to the improvement of the public transportation system. Through
a literature review, insight into existing research is provided, allowing the identi-
fication of trends and methodologies that can be used for guiding future studies.

3 Method

This section details how the the literature review was conducted. First, the
search terms and the search process is described. Second, filter criteria for iden-
tifying relevant papers are presented. Finally, specific evaluation questions are
formulated to assess each publication.
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3.1 Exclusion, Inclusion and Search Process

A systematic literature review is conducted to provide an analysis of existing
research in the field of HCD/UCD in public transportation between 2004-2023.
The data is gathered from four databases: ACM Digital Library, IEEE Xplore,
Web of Science, and Scopus by using the specified keywords for the search cri-
teria. These databases are chosen for their reliability and extensive coverage of
academic literature, consequently supporting the consistency of the literature
review on the development of HCD/UCD in public transportation. The search
strings are selected to accommodate a wide range of transportation modes as well
as using different ways of spelling HCD and UCD. In particular, the following
search strings are used.

Search string 1 "human centered design" OR "human centred design" OR
"human-centered design" OR "human-centred design" OR
"user centered design" OR "user centred design" OR "user-
centered design" OR "user-centred design"

Search string 2 "public transportation" OR "mass transportation" OR "mass
transit" OR "bus line" OR "trolley bus" OR "bus rapid
transit" OR "bus service" OR "shuttle bus" OR "light
rail" OR "LRT" OR "minibus" OR "metro" OR "tram"
OR "rail rapid transit" OR "railway" OR "regional rail"
OR "interurban" OR "rapid transit" OR "subway" OR
"urban transportation service" OR "mono rail" OR "rail
road" OR "intercity rail" OR "high speed rail" OR "com-
muter rail" OR "urban rail transit" OR "metrolink" OR
"people mover" OR "street car"

The resulting number of publications is summarized in Table 1. Before ana-
lyzing the retrieved publications, the following criteria were applied: written in
English, scientific articles, and published after the year 2000. Although the data
retrieval spans from 2000, the results on HCD/UCD in public transportation are
observed starting from 2004. Hence, the analysis will continue from that year
onwards.

Table 1. Systematic literature search results on HCD/UCD in public transportation.

Databases Results Last retrieved date

ACM Digital Library 544 11.01.2024
IEEE Xplore 557 11.01.2024
Scopus 83 11.01.2024
Web of Science 18 11.01.2024
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3.2 Search filters

Both empirical and theoretical studies are included in the analysis. According
to previous studies, the utilization of the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) methodology is linked to a more
comprehensive reporting of systematic reviews [72, 74]. Therefore, this litera-
ture review relies on a systematic approach by using this methodology. The
PRISMA flow chart is applied to provide visualization on how the papers are
identified, screened, and included in the review based on the criteria that have
been selected. After the publications were retrieved, a manual screening was
performed to find suitable studies that cover the scope of HCD/UCD in public
transportation. The following filters were used as a guideline for the screening:

1st Filter Removing duplicate records
2nd Filter Selecting the article by reading the title and abstract whether

the article fits the study
3rd Filter Reviewing the full papers for eligibility
Final result Analyzing the publications

The search filters in literature reviews have a function to clarify the search
process, enhancing relevance and efficiency. This helps to focus on studies align-
ing research objectives while preventing information overload. Transparent doc-
umentation of the filtering process enables the review process to be replicated
for future studies with the same interest in the method.

3.3 Quality evaluation

The publications that are eligible to be evaluated were read and categorized. The
following questions were asked to obtain a quality index for each publication:

EQ 1 Is the concept of "human-centered design" or "user-centered design"
the core of the study?

EQ 2 Is "public transportation" or "means of public transportation" the core
subject of the study?

EQ 3 Are users or participants directly involved in the study?

For each question, papers that provide satisfactory answers are marked as
"yes", while those that do not meet the criteria are marked as "no". Papers
failing to meet the criteria for EQ 2 are still included in the analysis if public
transportation is referenced as a secondary research topic. Similarly, for EQ 3,
papers addressing HCD/UCD are included in the analysis despite the absence
of direct human involvement.

4 Result

This section summarizes the results of the literature review. The section first
details on the results of the literature search and categorizes the relevant papers
according to the evaluation questions introduced in Section 3.
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To answer the two research questions RQ 1 and RQ 2 operationalization is
applied. An analysis is performed based on the countries of origin and publication
years to answer research question RQ 1. To address RQ 2, each publication is
coded based on eight categories of methodology and a keyword co-occurrence
analysis is conducted.

4.1 Preferred Reporting Items for Systematic Reviews and
Meta-Analyses

Figure 1 shows that a total of 1202 scientific works were retrieved from the
four databases and reviewed systematically. A total of 23 duplicate articles were
removed from the screening process, leaving 1179 articles to be reviewed. During
the records screening process, the titles and abstracts of these 1179 articles were
reviewed. Among them, 137 articles were identified as proceedings, while 911
articles were identified as not thematic to the field of HCD/UCD and public
transportation and therefore, are excluded from the next step.

Records identified from: 
ACM = (n = 542)  
IEEE = (n = 517) 
Scopus = (n = 80) 
Web of Science (n = 17) 
(n = 1202) 

Records removed pre-screening: 
Duplicate records removed   
(n = 23) 

Records screened: 
(n = 1179) 

Records excluded: 
Not thematic (n = 911) 
Proceedings (n =137) 
(n = 1048) 

Reports assessed for eligibility: 
(n = 131) 

Reports excluded: 
Not meeting any EQs criteria
(n = 25) 

Identification of new studies via databases and registers 
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Total studies included in review: 

(n = 106) 

Fig. 1. PRISMA flow diagram for systematic literature review.
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After title and abstract screening, the full text of 131 articles was screened
based on the quality evaluation questions. Following the full text screening, 25
articles did not meet any of the three quality evaluation criteria EQ 1, EQ 2,
and EQ 3, and were excluded from the final review. At the end of the screening
process, 106 publications were eligible to be analyzed.

Table 2 highlights distinct patterns in publication. A total of 70 publications
met the criteria EQ 1, EQ 2, and EQ 3, indicating a main focus on public
transportation and user participation. Furthermore, 29 publications met EQ 1
and EQ 2 indicating a focus on the core concepts of human-centered design and
the primary subject of public transportation. However, these publications are
absent from direct involvement or engagement with users or participants. This
absence suggests that direct input from individuals was not integrated when
data collection was conducted. A total of 5 publications only fulfilled EQ 1
and EQ 3, suggesting a prioritization of human-centered design and other fields
that also put interest in public transportation. Finally, 2 publications met only
EQ 1, referring to a narrower focus on human-centered design’s principle without
involving data collection from users or participants and without having public
transportation as their main and only research.

Table 2. Selected studies for evaluation.

Publication EQ 1 EQ 2 EQ 3

[3, 4, 5, 9, 10, 33, 12, 15, 17, 18, 19, 20, 8, 23,
25, 26, 27, 28, 2, 34, 35, 38, 64, 41, 42, 43, 45,
46, 47, 48, 52, 54, 56, 59, 61, 65, 66, 67, 68, 69,
70, 71, 77, 78, 80, 81, 82, 83, 84, 86, 88, 89, 90,
94, 96, 11, 116, 100, 102, 107, 109, 110, 32, 85,
112, 113, 115, 118, 119, 121]

Yes Yes Yes

[24, 44, 7, 120, 14, 111, 22, 29, 30, 114, 37, 49,
51, 53, 104, 57, 58, 63, 73, 75, 79, 62, 87, 95,
97, 99, 106, 36, 55]

Yes Yes No

[31, 92, 103, 105, 108] Yes No Yes

[40, 117] Yes No No

4.2 Quantitative Analysis of Productive Countries

The data obtained from 106 articles show that publications on HCD/UCD in
public transportation originate from 32 countries or territories globally. Certain
papers involve affiliated authors from multiple countries, allowing for the pos-
sibility of one study having contributions from two or more countries. Hence,
when the contributions of each country are calculated and summed, the total
sample size is 122.
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The retrieved publications are shown as maps in Figure 2. The color repre-
sents the number of publications, the larger the number, the darker (dark blue)
the color, and the smaller the number, the lighter the color (light blue) of the
country. The map visualizes a concentration of research in North America, Eu-
rope, and East Asia. It suggests a notable level of interest and investment in
this field of research within these regions. While the concentration of research
activity in the map shows the significant development of HCD/UCD in public
transportation in these regions, it also presents an opportunity for collaboration
with countries that contribute to the most publications.

Table 3 lists the top 10 most productive countries, collectively contributing
89 samples, representing 73% of the considered publications. The leading coun-
tries in publications are Germany, the United States, and China. Germany and
the United States represent 18% and 13% of the total numbers, followed by
China with 9%. The United Kingdom and Austria are fourth and fifth, respec-
tively covering 7% and 6%. Lastly, the average percentage of papers published
in countries between the 6th and 10th places is 4%.

4.3 Trends in HCD/UCD in Public Transportation

Through a systematic examination of publications from the last 20 years, progress
in the number of research papers focusing on HCD/UCD in public transporta-
tion is observed, as shown in Figure 3. Each dot corresponds to the number of
publications that occurred within a year. The data shows a noticeable increase
in the number of publications over the years, with occasional fluctuations.
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Table 3. Top 10 productive countries in HCD/UCD in public transportation, 2004-
2023.

Rank Countries/Territories Region Quantity

1 Germany Europe 22
2 United States North America 16
3 China Asia 11
4 United Kingdom Europe 9
5 Austria Europe 7
6 France Europe 6
7 Australia Oceania 6
8 Singapore Asia 4
9 South Korea Asia 4
10 Italy Europe 4

Certain years stand out with higher publication counts, such as 2013 with 9
publications, and 2019 with 12 publications. While the chart shows an overall
upward trend, there are also fluctuations from year to year as shown from the
year 2009 to 2011, 2012 to 2014, and 2018 to 2020. The chart also reveals minor
fluctuations in recent years (2020-2023). Despite occasional fluctuations, which
indicate dynamic shifts in research focus and priorities over time, the long-term
observation provides a broader perspective, showing a consistent upward trend
in this field. This suggests despite short-term variations, there is a sustained
interest and ongoing research efforts in applying HCD/UCD principles in public
transportation throughout the years.

Figure 4 shows the methods applied in HCD/UCD publications in public
transportation spanning from 2004 to 2023. The analysis reveals a diverse selec-
tion of methodologies applied to investigate HCD/UCD in public transportation,
for example, interviews and focus groups, observation, content analysis, survey
and questionnaire, user studies and usability testings, prototype and design, com-
putational experiment and simulation, and other methods. The publications are
categorized based on all methodologies applied, with the majority of publications
using more than one methodology. These methods are grouped for analysis; for
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Fig. 4. Methods trends in HCD/UCD in public transportation.

instance, various types of observations including bird’s-eye observation, shadow
observation, user or self-observation, video observation, and field observation are
categorized as observation. Prototyping, design, system design, architectural de-
sign, design engineering, modeling frameworks, mock-ups, and pilot testing are
displayed as prototypes and designs. Additionally, user journeys, personas, and
heuristic approaches are categorized under user studies, while data mining, big
data analysis, and crowdsourcing are classified as other methods.

The number of publications operating interviews and focus groups, surveys,
observations, and prototypes and designs as methods generally show an increas-
ing trend over time, with periodic fluctuations. Prototype and design emerged as
the most frequent methods used in HCD/UCD in public transportation, cover-
ing a total sample size of 52 with the highest spike in 2019 with 10 publications.
Following closely behind is the interview and focus group, with a total sample
size of 42. Although it is one of the most popular methods overall, its usage
experienced a decrease after 2013 before showing a slight increase in later years.
User studies and observation followed with 35 and 31 samples, respectively. De-
spite fluctuations, observations, and user studies remain a significant method
for studying user behavior and user experience in public transportation. The
widespread application of interviews, user studies, and observation also suggests
a reliance on qualitative data collection methods, which prioritize a direct en-
gagement with users or participants. Moreover, the survey accounted for the
fifth most applied method, with a sample size of 26. Although not consistently
the most applied methods in comparison to the others, surveys show increased
usage in the past five years, featuring in 11 publications, following closely behind
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prototype and design as the highest in this period, which appeared in 22 sam-
ples. These results mark a potential shift towards quantitative data collection
methods. Content analysis as a method that provides insight into textual data
rounded out number six with 14 samples. Lastly, computational experiments
and other methods had the lowest sample size, with 13 and 11, respectively. De-
spite not being consistently applied, these categories represent a diverse range of
research approaches, highlighting the multidisciplinary nature of HCD/UCD in
public transportation research. This finding indicates that there is a growing di-
versity of methods used within the scope of HCD/UCD in public transportation
and depending on the specific objectives, with methods becoming differentiated
depending on the research objectives [60].

4.4 Keywords Co-occurrence Analysis

automation

autonomous driving

autonomous vehicles

behavioral research

bus drivers

bus terminals

bus transportation buses

crowdsourcing

design

driver training

ergonomics

human centered design

human computer interaction

human engineering

information services

information systems

intelligent systems

intelligent transportation systems

intelligent vehicle highway systems

interactive computer systems

internet of things

iterative methods

light rail transit

man machine systems

mass transportation
navigation

participatory design

product design

public transit

public transportation

public transportation systems

railroad transportation

railroads

risk assessment

safety engineering

smart city

subways

surveys
transportation

transportation routes

transportation system

urban planning

urban transportation

user centered design
user experience

user groups

user interfaces

user study

vehicles

visualization

Topics User−centered design Public transportation  Intelligent, networking systems and innovation

Fig. 5. The keywords co-occurrence network of HCD/UCD in public transportation.

The keywords chosen for a publication serve as indicators of the main con-
tents, while the frequency of the keywords in academic literature specifies the sig-
nificance of other associated topics within a particular field [98]. This method en-
ables an understanding of the content of individual publications and the broader
thematic trends within HCD/UCD in public transportation.

In this research, the normalization of keywords, analysis, and visualization
was conducted using R Studio. Keyword normalization was performed to ensure
consistent treatment of the singular and plural forms, synonyms, and orthogra-
phy. For example, "rails", "railway", "railways", and "railroad" were normalized
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to "railroads". To understand the links between various topics in the literature
works, a selection condition was set, which means that keywords with a fre-
quency of at least 4 appearances were recognized for the keywords co-occurence
analysis. The outcome revealed a total of 51 qualified keywords and 462 links.
In the following, we focus on this keyword corpus.

The keyword co-occurrence networks in this field is shown in Figure 5. In
Figure 5, each node represents a keyword, with the size of the node corresponding
to the number of occurrences of the keyword and the edges connecting the nodes
represent a co-occurrence of the two keywords in a publication. The weight of
the edges, visualized by its size, represents the frequency of the co-occurrence
of the keywords, i.e., the larger the edge between two keywords, the more often
they appear together in different publications.

Table 4. Top 5 keywords of each cluster.

Clusters Keywords Occurrences Ranks Strength

User-centered design
user centered design 35 1 116
human computer interaction 17 3 65
design 15 5 61
user interfaces 14 8 52
user experience 13 9 58

Public transportation
public transportation 28 2 106
railroads 17 4 60
bus transportation 14 6 64
railroad transportation 14 7 52
transportation 12 10 48

Intelligent, network system, and innovation
intelligent systems 9 14 40
information systems 7 19 32
automation 6 21 24
autonomous vehicles 6 22 18
public transportation systems 6 23 25

The qualified keywords were manually clustered into three main topics "user
center design", "public transportation" and "intelligent, network system, and
innovation". The clusters are also visualized in Figure 5, identified by the color
blue for "user center design", green for "public transportation", and red for
"intelligent, network system, and innovation". The top 5 keywords with the
highest frequency for each cluster are listed in Table 4. The occurrences indicate
how often a keyword was used in different papers. Ordering the keywords by
their number of occurrences results in rank shown in the table, with the most
frequently used keyword being assigned to rank 1. Finally, the strength of a
keyword is based on its weighted node degree in the network.



The Development of Human-Centered Design in Public Transportation 13

Keywords affiliating to the clusters blue and green are among the top 10
keywords with the highest occurrences, in which "user centered design" is the
most frequent keyword, with 35 occurrences, followed by "public transportation"
and "human computer interaction" with 28 and 17 occurrences respectively. The
keywords "railroads" and "design" are also in the top 5 of high-frequently used
keywords. This suggests that these keywords have the most direct connections to
other indexes and function as a bridge in the research system and each of the top
5 keywords listed for each cluster could be considered as a focus within the field
to a certain extent. The result also shows that "railroads", "bus transportation",
and "railroad transportation" are high in occurrence. This dominance indicates
the relevance and importance of these mode of transportation in public trans-
portation system.

The keywords "intelligent system", "information systems", "automation",
"autonomous vehicles", and "public transportation systems" emerge as the most
frequently occurring terms in the "intelligent network systems and innovation"
domain. Moreover, the frequent appearance of automation and autonomous ve-
hicles in this cluster indicates a growing interest or focus on within the context
of HCD/UCD in public transportation.

5 Conclusion

Based on the dataset of 1202 documents obtained from ACM, IEEE Xplore,
Scopus, and Web of Science in the field of HCD/UCD in public transportation,
this study conducted a literature analysis on 106 publications. The following
analyses were conducted to address the research questions about the method-
ologies and topics of HCD/UCD in public transportation and the development
of its application.

To conclude, the research addressed two key questions. In response to RQ 1,
a trend showing a recognition of this topic over time is observed, as illustrated
by the growing number of publications in the last 20 years. The findings also
present evidence indicating that the research topic is widely spread across diverse
geographic locations and research disciplines. Furthermore, a set of relevant pa-
pers was listed, serving as a resource for further exploration and deepening the
understanding of HCD/UCD application in public transportation. To address
RQ 2, the findings indicate a growth in the application of quantitative and
computational method for networking information systems in public transporta-
tion. Moreover, prototype and design are found to be the most applied method
in the field of HCD/UCD in public transportation. Furthermore, growing imple-
mentation of automation systems in vehicles is also observed. Additionally, in
public transportation modes, railroads and bus transportation as are among the
top keywords that appeared.

Despite efforts to systematically review and evaluate relevant publications,
the exclusion of other journal databases and unpublished studies may have lim-
ited the analysis. Consequently, the coverage and quantity of publications were
restricted. In future studies, it is recommended to include relevant publications
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from additional databases, such as Springer, JSTOR, and Taylor & Francis On-
line. Additionally, future studies can integrate qualitative data analysis to have
a depth of understanding of user experiences and preferences within the context
of HCD/UCD in public transportation.
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