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Abstract

This thesis investigates the challenges and technological solutions for em-

powering travelers with temporary mobility impairments within the Dutch

railway systems. Despite the extensive use of railways in the Netherlands,

accessibility issues persist, particularly for those with temporary disabil-

ities resulting from injuries, surgeries, or short-term health conditions.

The research highlights the significant barriers and travel needs of these

individuals, captured through interviews. Using a user-centered design

approach that incorporates these challenges and needs, this study identi-

fied technological accessibility features to enhance perceived accessibility

and independence for temporarily mobility-impaired travelers, thereby

improving their overall travel experience. Key solutions include real-time

updates on station crowding and elevator functionality, and a location-

based immediate assistance button. By implementing these features, the

redesigned NS Planner aimed to provide a more accessible and autonomous

travel experience. The evaluation of these features through vignette stud-

ies showed significant improvements in travel autonomy and promising

enhancements in perceived accessibility and travel experience. This re-

search not only contributes to the field of Human-Computer Interaction

but also offers practical insights for developing accessible transportation

systems globally, ensuring that public transport becomes more inclusive

for all individuals with mobility impairments.

Keywords: temporary mobility-impairment, accessibility features, per-

ceived accessibility, independence, travel experience, dutch railway sys-

tems
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1. Introduction

In the Netherlands, over 1 million people use the railway system daily [63].

Trains are the most utilized mode of public transport in the country, with

each resident traveling an average of 610 km by rail in 2021 [17]. However,

within those, a number of individuals face challenges during their travels,

confront barriers, or even avoid traveling due to mobility-related difficul-

ties. There is an estimation of 130 million people worldwide with a physical

disability that requires a mobility device (e.g. wheelchair, crutches) [30, 102]

and this number is still increasing [13].

Limited or absent ramps, non-functional elevators or escalators, over-

crowded trains, and platforms are among numerous challenges that may

have minor or no impact on some, though they can pose significant barriers

for people with mobility issues [74, 86, 102]. This situation leads to over half

a million mobility-impaired individuals remaining restricted to their homes

[102]. This results in facing barriers in education, employment, transport,

and other areas, significantly limiting their activities [53]. This implies that

accessibility is crucial for social inclusion and well-being [48, 78, 98], em-

phasizing that global goals extend beyond just mobility [77].

Therefore, it is crucial to empower mobility-impaired individuals using

public transportation to ensure their journeys are more accessible to enable

their independent participation in society.

1.1 Problem Statement

Current research focuses on individuals with permanent mobility impair-

ments, examining their barriers/challenges [30, 32, 64, 72, 75, 79, 84], acces-

sibility [3, 7, 22, 30, 32, 33, 37, 46, 49, 52, 53, 77, 78, 88, 93], and the importance

of independence [19, 24, 32, 47, 52, 53, 59, 64, 68, 89, 91]. However, there is

a significant gap in understanding the needs of individuals with temporary
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Introduction

mobility impairments, who may have different requirements due to their

lack of experience with such disabilities. Keeping the focus on a specific

group of individuals is important as it encourages research and develop-

ment on their specific needs and as a result, solutions that are optimized

for these specific needs [37]. When referring to temporary mobility impair-

ments we consider results from various causes, such as injuries, surgeries,

pregnancy, or short-term health conditions.

Although existing technological solutions that aim to enhance indepen-

dence or accessibility exist, they have not yet been thoroughly evaluated

to determine their actual effectiveness in achieving these goals. Further-

more, their focus extends beyond the public transportation system, specif-

ically, encompassing various other areas that may have different require-

ments. Meanwhile, in the Netherlands, technological solutions in this area

primarily facilitate human assistance [4, 10, 40, 66, 80] rather than foster-

ing independence and forcing those individuals to pre-plan their journeys

extensively.

To address this gap, we propose focusing on the specific needs of people

with temporary mobility impairments through technological solutions. We

believe this approach can significantly enhance their perceived accessibility

and independence, thereby improving their overall travel experience on the

Dutch Railway System.

1.2 Contributions

The aim of this research is to investigate how a technological solution in

the form of accessibility features can empower individuals with temporary

mobility impairments in the Netherlands. Our research will contribute to

this empowerment in the field of HCI by designing accessibility features

that enhance perceived accessibility, promote independence, and improve

travel experience for those individuals.

By focusing on user-centered design and addressing the unique needs

of these individuals, we expand the scope of assistive technologies in the

10



1.3 Research Question

Netherlands, providing solutions and valuable insights into creating inclu-

sive technologies for diverse users. While we specifically concentrate on

individuals with temporary disabilities, the insights and solutions can fa-

cilitate more accessible and independent travel experiences for all individ-

uals with mobility impairments. Furthermore, these findings can eventu-

ally have global applicability by transforming public transportation systems

worldwide, making them more accessible to diverse mobility needs.

1.3 Research Question

Based on the aforementioned goals, we aim to answer the following re-

search question:

How can technological accessibility features be designed based on the user needs

of individuals with temporary mobility impairments to enhance both perceived

accessibility and independence within the Dutch railway systems, thereby im-

proving their overall travel experience?

The research question will be answered based on three subquestions.

In the first one, their main challenges and travel needs will be explored.

Then in the second one, the specific accessibility features they need will be

investigated and lastly in the third one it will be evaluated if those needs

are fulfilled through the accessibility features and if this leads to enhanced

perceived accessibility, independence, and overall travel experience.

SQ1: What are the specific travel needs and barriers/challenges of individ-

uals with temporary mobility impairments when traveling with the Dutch railway

systems?

SQ2: What are the main technological accessibility features temporary

mobility-impaired people desire ?

SQ3: How do the additional technological accessibility features impact per-

ceived accessibility, independence and overall travel experience among users

with temporary mobility impairments ?

11



Introduction

1.4 Contents

Following the introduction, Chapter 2 discusses the current state of acces-

sible public transportation, identifying the barriers and challenges faced by

mobility-impaired individuals, and exploring the role of technological inno-

vations in improving mobility and accessibility. Chapter 3 outlines the de-

sign process, detailing the methods used to gather insights from temporarily

mobility-impaired individuals, the steps taken to develop the initial design,

and the results and analysis of these findings. It further explains the design

requirements, initial design, user feedback, and the adjustments made to ar-

rive at the final design. Chapter 4 presents the evaluation of the final design,

explaining the steps taken through the chosen methods and the subsequent

analysis. Chapter 6 discusses the results of this evaluation. Finally, Chap-

ter 7 interprets the results in relation to the initial research subquestions,

offers design recommendations, and discusses the limitations of the study

along with suggestions for future research.

12



2. Literature Review

The literature review begins by identifying the barriers that affect the acces-

sibility of public transportation for mobility-impaired individuals. These

barriers lead to the need for accessible public transportation, which is cen-

tral to defining accessibility. The following section discusses travel auton-

omy as it can significantly improve perceived accessibility, by empower-

ing individuals to navigate the transport system more independently. Ul-

timately, improved accessibility positively impacts the overall travel expe-

rience, highlighting the critical connection between travel autonomy, per-

ceived accessibility, and the overall accessibility of public transportation ser-

vices. The structure of this section can be seen in Figure 2.1.

Figure 2.1: Concepts discussed in Literature Review

2.1 Barriers Faced by Mobility-Impaired People

In general, disabled people face more barriers than the overall population,

in transportation due to physical and cognitive limitations [28, 90]. Based

13
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on the World Health Organization [102], a barrier refers to any obstacle

that prevents equal access to services or information for an individual or

a group. They could be defined as environmental/physical factors that re-

strict a group of people by their presence or absence, as negative attitudes of

people against a demographic with their emotional and psychological im-

pact, and as lack of appropriate assistive technologies (tools designed for

assistance, adaptation, or rehabilitation) [86]. Several studies are focusing

on the difficulties experienced by individuals with mobility impairments

who travel by public transportation. Overall they are categorized into the

following (See Tables 2.1 ,2.2, 2.3, 2.4).

The most common challenges involve physical barriers (See Table 2.1) at

stations, stops, and vehicles. These include unfriendly layouts for wheelchairs,

malfunctioning elevators, unreliable ramps, uneven pavements, and limited

space within buses or trains. Additionally, inadequate waiting areas, steep

or poorly designed ramps, and insufficient toilet facilities further aggravate

these issues, making public transport less accessible and safe for mobility-

impaired individuals.

Except for physical barriers, mobility-impaired individuals often face

negative human interactions and behaviors (See Table 2.2), such as discrim-

ination, conflicts over accessible seating, unwanted physical help, verbal

abuse, and neglect by bus drivers. There is also a lack of awareness of acces-

sibility features among transport operators, leading to impolite treatment

and hesitation to ask for help, which diminishes confidence and indepen-

dence.

Both physical and attitudinal challenges result in emotional distress, in-

cluding stress, anxiety, frustration, feelings of worthlessness, and fear of

unpredictable journey aspects (See Table 2.3).

Lastly, preparation and travel times are significantly longer for people

with disabilities (See Table 2.4), involving extensive planning and waiting

periods. High travel time costs and associated difficulties result in reluc-

tance to travel, causing significant delays and reduced mobility.

14



2.1 Barriers Faced by Mobility-Impaired People

Barrier Description Examples Refs
Physical Challenges

related to
the physical
environ-
ment and
infrastruc-
ture.

• Unfriendly layouts
• Malfunctioning elevators
• Unreliable ramps
• Uneven pavement surfaces
• Limited space within buses or

trains
• Narrow aisles
• Steps or uneven levels between

platforms and vehicles
• Misaligned or absent curbs
• Lack of proper waiting areas
• Gradient or inadequate ramps
• Insufficient toilet facilities

[8,
21,
34,
71,
74,
97,
102,
103]

Table 2.1: Examples of physical accessibility challenges faced by individuals
with mobility impairments in public transportation.

Barrier Description Examples Refs
Attitudinal Negative

human in-
teractions
and be-
haviors
affecting
mobility-
impaired
individuals.

• Interpersonal discrimination
• Conflicts over accessible seat-

ing
• Unwanted physical help
• Intimidation and verbal abuse
• Neglect by bus drivers
• Lack of awareness of accessibil-

ity features by operators
• Overcrowding leading to impo-

lite treatment
• Hesitation to ask for help

[8,
64,
71,
93,
99,
102]

Table 2.2: Examples of Attitudinal challenges faced by individuals with mobil-
ity impairments in public transportation.

15
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Barrier Description Examples Refs
Emotional Emotional

and men-
tal health
challenges
arising from
transporta-
tion issues.

• Stress
• Anxiety
• Frustration
• Annoyance
• Feelings of worthlessness and

heartbreak
• Fear of unpredictable journey

aspects
• Feeling unsafe
• Reduced confidence
• Decreased independence
• Impact on overall well-being

and life satisfaction

[24,
32,
50,
79]

Table 2.3: Examples of Emotional challenges faced by individuals with mobil-
ity impairments in public transportation.

Barrier Description Examples Refs
Time Increased

time and
effort re-
quired for
trip plan-
ning and
execution.

• Longer preparation time
• Longer time to reach access

points
• Extended waiting times
• Higher travel time cost leading

to reluctance to travel

[12,
52,
73,
84]

Table 2.4: Examples of Time-related challenges faced by individuals with mo-
bility impairments in public transportation.
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2.2 Accessibility in Public Transportation

However, all these studies focus on the difficulties experienced by indi-

viduals with mobility impairments who travel by public transportation, in

general. This study aims to explore specifically the barriers and challenges

people with temporary mobility impairments face while traveling with the

Dutch Railway System. Those could be different due to lack of experience

or similar due to the general needs of people who face any kind of mobility

difficulty.

2.2 Accessibility in Public Transportation

All the challenges mobility-impaired people face indicate the inaccessibil-

ity of the public transportation system. Indeed, there are universal trans-

portation accessibility challenges that affect people worldwide [62]. Urban

mobility data indicate that around one-fifth of individuals living in the Eu-

ropean Union face difficulties using public transport services, highlighting

the widespread nature of this issue [29]. To address these challenges and

create truly accessible systems, it is crucial to understand the concept and

definition of accessibility. By comprehending what constitutes accessibil-

ity, we can better identify and implement the necessary changes to improve

public transportation for all users.

To be able to understand and measure accessibility, several different ap-

proaches can be used. It can be seen as a way to enable a physical approach

to services or goods and reaching destinations [43, 87]. Kwan [42] and Geurs

and van Wee [33], define it differently: as a property of space and individu-

als. They refer to it as the possibility to interact with various opportunities

or activities that are available geographically, including jobs, services, or

social interactions.

Other well-known definitions are: ‘the accessibility of a specific land-use

activity from a given location through a particular transportation system’

[22], ‘the autonomy of individuals in choosing whether or not to engage

in various activities’ [14], ‘the advantages offered by a transportation and

land-use system’ [7].

17
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Some studies separate the term more precisely, into objective and per-

ceived accessibility and mention that to be able to access it is important to

consider both [45, 49]. Objective accessibility determines the actual travel

options available, which include the built environment, characteristics of

transportation modes, travel times, costs, and distances [45]. Another study

also names this concept as calculated accessibility because it is evaluated

using calculated indicators based on spatial data [77]. Moreover, the same

study argues that objective accessibility does not exist, as accessibility is in-

herently influenced by individual perceptions. Therefore, perceived acces-

sibility refers to the primary factor influencing decisions about activity [77]

and reflects individuals’ sentiments about their living conditions [44].

Specifically for transportation systems, perceived accessibility is a sub-

jective assessment of how effectively they can enable people to lead a sat-

isfactory life [44]. This encompasses the ease of using and reaching the

transport system and the extent to which the system allows them to ac-

cess desired activities and opportunities [45]. Unlike objective accessibil-

ity, perceived accessibility does not rely on predefined important indicators

because these can vary among individuals, groups, cultures, and contexts

[44].

In a study about how those perceptions of accessibility are shaped [77], a

combination of individual, land-use, transport, and temporal factors is men-

tioned. Individual factors include socio-demographic characteristics, capa-

bilities, attitudes, preferences, and context. Land-use factors involve the

perceived distribution of activities and destination attributes. Transport fac-

tors encompass perceptions of transport supply and travel resistance. Tem-

poral factors relate to perceived variability in travel time and constraints for

activities. These components interact with the physical environment and

personal experiences, ultimately influencing decisions about mobility and

accessibility.

The focus is on understanding the term accessibility to be able to en-

hance it specifically in public transportation and more specifically in the

Dutch Railway System. We are focusing on the perceived accessibility of

18



2.3 Travel Autonomy and Independence

this system rather than the objective as the aim is not to change the objective

aspects of it. Instead, we aim to identify and address the barriers temporary

mobility-impaired encounter and their feelings about them, to eventually

enhance their perceived accessibility. By measuring accessibility from in-

dividuals’ perspectives we are not only capturing their assessment of their

personal ability to function or travel behaviours but also their assessment of

the barriers encountered when accessing facilities [95].

Therefore, it is reasonable to believe that perceived accessibility, which

incorporates the perspective, knowledge, and travel horizon of the individ-

ual, offers a more comprehensive and user-centered understanding of ac-

cessibility [45]. This approach captures dimensions of accessibility that con-

ventional measures, which rely solely on standardized criteria, often over-

look [44]. The emphasis on prioritizing users’ needs over travel possibilities

and traditional objective indicators of transport disadvantage (such as age,

physical mobility, income, and vehicle access) is further reinforced by other

studies [20].

The idea is that even if the Dutch Railways have accessible features if

a person with a mobility impairment feels anxious about the possibility of

a malfunctioning elevator or finds the information on accessibility unclear,

their perceived accessibility is going to be low.

2.3 Travel Autonomy and Independence

To achieve enhanced perceived accessibility, it is essential to consider the

concept of travel autonomy, as research has shown that stronger travel au-

tonomy leads to stronger perceived accessibility [46]. Studies further break

down travel autonomy into two distinct concepts: decisional autonomy,

which is the freedom to make decisions without external constraints, and

executional autonomy, which is the ability to carry out those decisions [19,

47]. Another study by Friman [32] refers to it as the ability of individuals

to travel independently without relying on others, and encompasses control

over various aspects of daily travel. This definition refers to travel indepen-

dence which is the broader concept of travel autonomy and focuses on the
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practical aspect of being able to travel without assistance. In terms of pub-

lic transportation, independence is identified as a critical need [59], while

more broadly it is strongly correlated with enhanced feelings of joy, fulfill-

ment, and an overall better quality of life [89].

In general, the disability movement has expanded the understanding of

independence beyond the ability to perform daily tasks unaided, emphasiz-

ing the importance of travel autonomy [91]. Therefore, our research focuses

on enhancing travel autonomy for mobility-impaired individuals, aiming

to help them feel more independent while also empowering them to seek

assistance when needed. This approach is based on the understanding that

true independence involves both self-sufficiency and the ability to request

help as required [59, 68, 83].

By improving travel autonomy, we can directly address the practical and

psychological barriers to independence, promoting a sense of accessibility

and empowerment among mobility-impaired individuals.

2.4 Travel Experience

The sense of accessibility directly impacts the overall travel experience of

individuals. As Woldeamanuel and Cygansky [101] highlight, poor acces-

sibility negatively affects the travel experience, indicating how critical ac-

cessible transport systems are. Similarly, Brons et al.[11] found that lower

accessibility can reduce the frequency of public transport use, showing the

direct correlation between accessibility and travel behavior. So by improv-

ing travel autonomy for mobility-impaired individuals not only accessibil-

ity is enhanced but also the overall travel experience can be influenced.

In general, the travel experience is influenced by attributes like the qual-

ity of public transportation, cleanliness, punctuality and regularity of ser-

vices, the on-board travel time (e.g. how much time and with what com-

fort/pleasure [25], staff attitudes, security and ease of ticket-purchase [16,

27, 35]).

However, especially for individuals with special needs most of the is-
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sues that impact their overall travel experience are related to accessibility

challenges [72] [8], distressing situations, like being carried over train tracks

[74], or attitudinal barriers [8].

Measuring travel experience is complex due to its multidimensional na-

ture [85] that includes a broad range of attributes. Whereas, Travel satis-

faction is a subjective evaluation of these experiences [94]. Specifically for

rail accessibility, research [104] has shown that its enhancement can lead to

higher travel satisfaction by reducing barriers and making travel more con-

venient and enjoyable for all users. This aligns with findings from Bezyak et

al. [8] and Park et al. [72], which indicate that addressing accessibility chal-

lenges — such as attitudinal barriers and physical obstacles — can signifi-

cantly improve the overall travel experience and satisfaction for individuals

with disabilities.

2.5 Technological Innovations and Systems for En-

hancing Mobility and Accessibility

Assistive technology for mobility-impaired individuals is essential for en-

hancing accessibility and independence. Despite significant advancements

in accessibility through existing apps, there is still considerable potential

for developing innovative assistive technologies specifically designed to ad-

dress various disabilities and conditions more effectively [3]. This research

indicates a clear need for the development of assistive technologies that as-

sist to the specific needs of individuals with disabilities. By addressing these

unique challenges, applications that significantly enhance the quality of life

for these individuals, can be developed, offering more tailored and effective

solutions.

Current technologies largely facilitate providing human assistance at sta-

tions, but 41 percent of users emphasize the need for independent travel

[26]. Significant barriers affecting independent travel, include the lack of

guidance systems to avoid wheelchair-unfriendly routes and the need for

personal assistive devices [32]. Studies highlight the importance of a holis-
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tic approach considering all elements of public transport systems [92].

The "Mobility-for-All" project [76] used GPS to aid cognitively disabled

individuals by providing real-time navigation alerts. The WheelScout project

[36] advanced this with interactive, personalized navigation that identifies

and reroutes around obstacles, including both permanent and temporary

barriers, and offers customization for different wheelchair types. Further

innovations include prototypes like the personal travel assistant and Mem-

ory Aiding Prompting System [6], which use GPS and mobile technology to

support navigation and communication for users with cognitive disabilities.

Furthermore, Evelity [56], a mobile application, provides indoor navigation

in public spaces, aiming to enhance safety and autonomy for users with var-

ious disabilities. However, its effectiveness and feature development based

on disabled community feedback require further research.

The EasyWheel project [55], specifically designed for wheelchair users,

enhances independence by providing geo-tagging for points of interest (POIs)

and barriers, personalized routing based on user-specific mobility parame-

ters, and fostering a social community through Facebook integration. These

features collectively help wheelchair users navigate cities more indepen-

dently and efficiently, illustrating the potential for tailored assistive tech-

nologies in improving urban accessibility.

The Wegoto [60] project also aims to enhance wheelchair accessibility by

using a smartphone-based approach to assess and improve accessibility. It

records sensor measurements such as acceleration, deceleration, inclination,

orientation, speed, and GPS position, allowing for detailed analysis of route

accessibility. This information is then used to create an accessibility index,

helping wheelchair users find the most suitable routes based on their spe-

cific needs and capabilities

In Table 2.5 those technological solutions that were developed globally

to assist people with disabilities are presented. It outlines the technologies

used, their primary focus, and the types of disabilities they target.

As can be seen, GPS and real-time information are the most commonly

used technologies, however, these solutions are not exclusively focused on
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individuals with mobility impairments, particularly those with temporary

mobility disabilities. Additionally, there is a lack of research evaluating the

effectiveness of these technologies in meeting the travel needs of disabled

individuals. Furthermore, none of these solutions are specifically tailored to

address the unique requirements of public transportation.

Nevertheless, none of these technologies have demonstrated clear re-

sults in promoting independence or accessibility, nor do any of them specif-

ically focus on public transportation. In the Netherlands, the railway opera-

tors [4, 10, 40, 66, 80] just provide information about accessibility services

such as the availability of elevators and the option to book travel assis-

tance. They all emphasize planning ahead by just searching for information

in their respective apps.

Consequently, none of these offerings effectively promote independent

and accessible travel for individuals with temporary mobility impairments

in the Netherlands. This study aims to address these gaps by designing

and evaluating technological solutions that foster independence, perceived

accessibility, and overall travel experience in the Dutch Railways, for tem-

porary mobility-impaired individuals.
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Feature Mobility-for-All [76] Travel Assistant Device (TAD) [6] WheelScout [36] WayFinder App [38] Evelity App [56] EasyWheel [55] Wegoto [60]

GPS ✓ ✓ ✓ ✓ ✓ ✓ ✓

Real-time Info ✓ ✓ ✓ ✓ ✓

Step-by-Step
Directions

✓ ✓

Alerts ✓ ✓

Customizable ✓ ✓ ✓

Indoor
Navigation

✓

Independence ✓ ✓ ✓ ✓ ✓ ✓

Cognitive
Disabilities

✓ ✓ ✓

Mobility
Impairments

✓ ✓ ✓ ✓

Special Needs ✓ ✓

Geo-tagging
POIs

✓

Crowdsourcing ✓

Sensor
Measurements

✓

Accessibility
Index

✓

Table 2.5: Comparison of Projects

24



3. Design

To address the research question and the three subquestions, a mixed-method

approach was employed. Semi-structured interviews were conducted with

individuals with temporary mobility impairments to identify the specific

needs and challenges they face (SQ1) and the features they desire (SQ2).

Based on these insights, accessibility features were designed. These features

were evaluated to determine their impact on perceived accessibility, inde-

pendence, and overall travel experience (SQ3). This approach ensured a

thorough understanding and development of targeted solutions to enhance

the travel experiences of individuals with temporary mobility impairments.

The study design is visualized in Figure 3.1. The Ethics and Privacy Scan

of the Utrecht University Research Institute of Information and Computing

Science was conducted (See Appendix C). It classified this research as low-

risk with no fuller ethics review or privacy assessment required.

Figure 3.1: Study Design

3.1 Interviews

Initially, semi-structured interviews were conducted to identify the primary

barriers and challenges faced by individuals with temporary mobility im-

pairments when using Dutch Railways. Qualitative semi-structured inter-

views are an effective method in the early stages of a study, uncovering in-
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depth insights and narratives that can reveal the complexities of individu-

als’ experiences [41]. A semi-structured interview served as a step to under-

stand the barriers encountered, the emotions experienced, and the degree of

independence perceived by respondents during travel. Feelings, thoughts,

and daily realities are easier to capture through this approach which pro-

vides the flexibility to follow conversational leads and probe deeper into

responses.

That facilitates a comprehensive understanding that structured meth-

ods might not easily achieve. It also prompts participants to reflect on

past experiences, thereby evaluating the current state of accessibility and

independence offered by Dutch Railways to this demographic. This for-

mat also encourages follow-up questions and the exploration of new topics

that may not have been initially anticipated. This adaptability allows for a

more dynamic conversation, uncovering valuable insights that structured

interviews might overlook. Moreover, this method also served as a way to

evaluate the current approach of the Dutch Railway systems, with the travel

facilities they are offering to mobility-impaired people until now. After con-

ducting these interviews, additional dimensions within the research topic

were revealed, leading to the formulation of more sub-questions.

3.1.1 Participants

Participants were recruited via WhatsApp [100] and in-person contacts. They

had to be older than 18, with a current or past experience of a temporary

mobility disability.

Eventually, seven individuals with temporary mobility impairments were

recruited in total. Three used crutches while accessing the Dutch Railways,

one utilized both crutches and a wheelchair, another only a knee brace, and

the last two used a wheelchair exclusively. The ages of participants ranged

from 23 to 31 (M = 27.0, SD = 2.7).
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3.1.2 Materials

The study was conducted remotely in a discussion-friendly manner, through

Microsoft Teams [57].

An information sheet (See Appendix A.1) and a consent form (See Ap-

pendix A.2) were developed in Qualtrics XM [82], outlining the study’s pur-

pose, their rights as participants, the confidentiality measures, and how

their data would be used. Moreover, a script with the introduction and a

list of questions divided into 5 categories were developed (See Appendix

A.3). The open-ended interview questions were designed to elicit responses

directly related to the core research topics without leading participants. By

focusing on past experiences, such as their last journey, the questions en-

couraged participants to reflect on the barriers, challenges, and emotions

they encountered (See Appendix A.3).

The interviews were recorded and transcribed by the Microsoft Teams

[57] feature. The interviewer was also taking notes to complement the au-

tomatic transcriptions. Moreover, coding was done in NVivo [81] and Miro

[58] was utilized to organize the coding process and enhance comprehen-

sion to eventually interpret the data.

3.1.3 Procedure

After participants agreed to join the interview through the recruitment pro-

cess, they were provided with an information sheet and a consent form (See

Appendix A.2, A.1) to sign. Once these were completed, we sent them a link

to the scheduled online meeting.

The interviews took approximately thirty to forty minutes. First, the

moderator introduced themselves and the research. Then the participants

were asked again to give their verbal consent before the audio recording

started. They were asked for any possible questions they may have before

the session started. The rest consisted of the interview questions (See Ap-

pendix A.3). Eventually, we asked them if they had any additional com-

ments or questions and thanked them for their participation.
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3.1.4 Analysis

The first step involved carefully reviewing the interview transcripts gener-

ated and transcribed by Microsoft Teams [57], ensuring clarity and accu-

racy by referencing them with the notes taken by the interviewer and the

recorded audio. Eventually, an edited transcription method was utilized,

combining the elements of both the automated transcripts and the notes to

an accurate record of the interviews.

Subsequently, the transcripts were read multiple times in order to be-

come familiar with the content, recognize the patterns, and make sure that

the data was comprehensive enough, to support conclusions.

The final interview transcripts were analyzed using Thematic Analysis

and inductive coding to identify key themes based on participants’ experi-

ences. Information about the participants’ context of injury and train trav-

eling can be seen in Table 3.1. The final analysis is illustrated in Figure 3.2.

Transcripts were coded for key ideas, and similar codes were grouped into

broader themes.

Figure 3.2: Interview Data Analysis

3.1.5 Results

Participants in the semi-structured interviews thoroughly discussed the tar-

geted topics, primarily emphasizing the barriers and challenges they face.

They also articulated their needs and desires for technological solutions.

Barriers/Challenges: Six participants highlighted the physical barriers
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P(i) Travel
Freq Overall Experience Injury

1 2-4
times/week

Generally fine, oc-
casional delays not
significantly affect-
ing leisure travel

Broken leg
bone

2 Weekends
Generally okay, reli-
able but not a daily
traveler

Neurological
malfunc-
tioning

3
Often due
to not hav-
ing a car

Quite reliable, func-
tional

Knee lig-
ament in-
jury from
scooter ac-
cident

4 Weekends Generally okay, sim-
ple

Ankle frac-
ture and
dislocation

5 2
times/week

Generally positive,
not very bad experi-
ence

Knee injury
from skiing
accident

6

3
times/week
- work and
visiting
family

Good, efficient but
with challenges due
to mobility impair-
ment

Leg injury

7
2
times/week
leisure

Mixed experience,
generally reliable
but with occasional
issues

Leg injury
from bike
accident

Table 3.1: Context about Injury and Train Traveling
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they encountered suddenly when traveling. Non-functional services (es-

calators, elevators) were the most mentioned ones. Some participants had

experiences where they had to ask for physical help, like Participant 3 who

mentioned:

"I had to ask a fellow passenger to carry me down the escalators because

they were out of service."

The second most mentioned barrier was also part of the sudden disrup-

tions happening while they traveled, it was the crowdedness of the station

that was mentioned by 3 participants. Participant 2 mentioned:

"It was hard for me to navigate in the crowded station with my wheelchair,

it took extra time and when I was on crutches it was also hard to keep

my stability between all those people"

Following those two, the non-immediate assistance was mentioned by

two participants. Participant 1 mentioned:

" I was late for an important appointment because I asked for help from

the operator staff and they did not come fast"

All the participants mentioned the extensive planning they needed to do

as something challenging for them. This planning included: (1) searching

information online or through a planner app, (2) checking the peak hours

to avoid, and (3) checking the accessibility of the station. Three participants

were unaware of the accessibility services available or where to find them,

while two believed these services were only for those with severe disabili-

ties.

By six participants extensive planning was also mentioned as a strategy

to overcome any possible barrier that may arise suddenly. Participant 5

mentioned:

" I was preparing my journey very well, checking the schedules, how

crowded it is going to be, the stations I am going to visit to be able to

avoid or even overcome any sudden disruption that may happen. But

that required time because it was not that easy to find the information

online or in the app either. "
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Emotional Reaction: Participants frequently reported experiencing sig-

nificant emotional impacts due to the barriers and challenges they faced.

They recounted numerous incidents that left them feeling overwhelmed and

helpless due to these sudden disruptions. Three participants mentioned

that relying on assistance from nearby passengers was often challenging in

busy stations where everyone was occupied. Particularly participant 6 men-

tioned the difficulty of asking strangers for help in person:

"For me it was really stressful and uncomfortable to go ask help from

someone in person, of course, I did it when I had no other choice but I

would prefer If I did not have to"

The challenging preplanning of the journey that was already mentioned

caused considerable stress and frustration to four participants. Participant

2 expressed this frustration accordingly:

"It is too frustrating sometimes having to pre-plan everything in ad-

vance, and it is time-consuming trying to find all the information on-

line. That is demotivating for someone with a mobility disability that

is thinking of traveling"

Six out of seven participants reported negative experiences while trav-

eling with temporary mobility disabilities on the Dutch Railway Systems.

These issues were primarily due to sudden disruptions that could not even

be mitigated despite their extensive pre-planning that caused stress. Addi-

tionally, three participants felt negatively about the dependency on others

for travel.

However, participant 1 mentioned a positive experience, more specifi-

cally :

"At first I thought traveling independently with my temporary mobil-

ity disability would be impossible. However, my experience was pos-

itive because I realized that with enough information on accessibility

services and functional facilities, traveling independently can be easy."

Travel Needs and Technological Solutions: Based on interview data,

several key travel needs emerged for individuals with temporary disabili-
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ties. These needs include (1) independence, (2) efficient journey planning,

(3) immediate assistance, and (4) awareness of staff/passengers/available

services. All of those needs were articulated as technological solutions by

the participants. The connection between the travel needs and the techno-

logical solutions can be seen in Figure 3.3.

All the participants mentioned the real-time updates as crucial for their

journey planning and their feeling of independence. Participant 2 specifi-

cally mentioned:

"It would be helpful to know beforehand if the elevator for my platform

is not working, that would mean for me to ask for someone to come over

with me, choose another option, or go there earlier. Adjusting my trip

accordingly helps me feel less dependent on others"

More specifically, the need for independence was highlighted by six par-

ticipants, all of whom expressed a preference for traveling alone and only

seeking assistance when necessary. They emphasized the importance of not

feeling overly dependent on others and desired the flexibility to choose be-

tween traveling independently and requesting help when needed. The im-

portance of this was articulated by Participant 7 accordingly:

"It should be obvious that whatever condition I have, I am traveling

alone"

The need for immediate assistance was emphasized by 5 participants,

who suggested a button that could be pressed to ask for help at a specific

location. This feature was highlighted by five participants, with Participant

3 specifically stating:

"I would prefer to have the option to ask for help through the applica-

tion immediately where I am located rather than booking someone in

advance or asking someone in person because people are busy and it

makes me feel uncomfortable and too dependent"

Conclusions: The data revealed a strong preference for independence

among individuals with temporary mobility impairments. Participants em-

phasized the need for travel systems that support solo travel without as-
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Figure 3.3: Travel Needs and Accessibility Features Connection
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suming assistance is required at every step, highlighting the importance of

minimizing direct human assistance. They expressed a desire for systems

that offer the choice between independent travel and requesting help, with

quick and reliable access to staff assistance when necessary. This capabil-

ity enhances confidence in traveling alone while providing an immediate

way to request location-based help when needed. Efficient and informa-

tive journey planning tools are also crucial, offering accessible routes and

real-time updates to reduce planning time and effort, thereby improving

perceived accessibility and independence. Access to up-to-date information

helps travelers make informed decisions and avoid unexpected challenges,

reducing anxiety and enhancing the overall travel experience. While there

are significant challenges, one out of seven participants reported a positive

travel experience, suggesting that proper accessibility services can lead to

satisfactory journeys.

3.2 Design Requirements

The NS Planner [65] was chosen as a baseline because interview data showed

it is widely used by participants when preparing their journeys. Moreover,

by not developing a separate application for individuals with temporary

mobility impairments, we are promoting inclusivity as all users have equal

access to the same resources and benefits. They will not need to adapt to

an additional application and can continue using the NS Planner [65] with

which they are already familiar. The focus remained on one specific aspect

of the journey: the preparation phase. It was chosen because participants

in the interviews frequently emphasized its importance, which aligns with

the literature findings. According to the literature, extensive preplanning is

necessary and often time-consuming [12, 52, 73, 84] for mobility-impaired

individuals. This approach aims to address gaps and areas for improve-

ment identified through research, specifically benefiting users with tempo-

rary mobility disabilities. Leveraging the strengths of an established plat-

form, the re-design incorporates features mentioned as crucial by partici-

pants during interviews.
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Figure 3.4: Features mentioned in the Interviews

Due to time constraints and numerous suggestions, three key features

were selected to be designed, based on the most preferred features (See Fig-

ure 3.4).

1. Real-time information about the station crowdedness: The NS Plan-

ner [65] currently provides train crowding data but lacks station crowd-

ing information, which participants highlighted as important. The

new feature offers real-time station crowding updates, complement-

ing existing data on punctuality and train crowding. This allows trav-

elers to make informed decisions, such as traveling during less busy

times, choosing alternative routes, or adjusting arrival and departure

times to avoid large crowds. It supports thorough travel planning and

enhances independence by enabling travelers to navigate stations con-

fidently and autonomously.

2. Real-time information for elevator functionality: The second fea-

ture is a real-time indicator of elevator functionality, as this was the

most requested feature in the interviews. If a particular elevator is
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out of service, real-time updates can help users find alternate routes

promptly. This reduces the need to ask for help from strangers, thereby

fostering a sense of autonomy. Also, knowing about potential barriers

in advance can reduce the fear and frustration associated with unex-

pected obstacles. This aligns with participants’ concerns about sud-

den barriers causing significant stress and negatively impacting their

travel experience.

3. Location-based immediate assistance buttton: Additionally, partici-

pants frequently mentioned the need for immediate assistance and the

discomfort in seeking help from strangers, leading to the inclusion of

an instant assistance button for users to get help at their current loca-

tion. Knowing that reliable help is just a button press away can boost

travelers’ confidence and encourage users to travel independently, re-

ducing the hesitation caused by potential barriers. This is particularly

important for those who prefer to travel independently but need occa-

sional support, as mentioned in the interviews.

3.3 Initial Design

After deciding on the features to be incorporated, the next step was to de-

sign the app screens. All screens were created using Figma [31]. First, the

screens for the NS planner [65] were designed to be used (See Figures 3.5,

3.6, 3.7).

3.4 Feedback Icons and colours

Various approaches were explored for integrating the new features, includ-

ing different colors and icons. To determine the optimal design, feedback

was requested from potential users. Different versions of the screens were

sent to nine participants. We asked them if they understood what the icons

(See Figures 3.10, 3.11, 3.12) represent, then which one they preferred and

their opinion on the colours (See Figures 3.8, 3.9) that must be used to dis-

play the accessibility features. Based on their feedback, the most preferred
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Figure 3.5: Main Screen

Figure 3.6: Possible journeys
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Figure 3.7: Journey with the NS

designs were selected for the final implementation.

The use of the color red to indicate something out of service or requiring

attention was found to be repulsive by some participants. However, others

felt that it was necessary and made important information stand out. When

presented with an orange alternative, all participants agreed that this option

effectively served its purpose. For the icons, all nine agreed that the most

accurate representation of an elevator is in Figure 3.11.

3.5 Final Design

Aside from the added features, the overall design of the app remained con-

sistent with the baseline NS Planner [65]. Based on their feedback, the most

preferred designs were selected for the final implementation that can be

seen in Figures 3.13, 3.14, 3.15.
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Figure 3.8: Font colour choice 1 Figure 3.9: Font colour choice 2

Figure 3.10: Option 1
for the elevator icon

Figure 3.11: Option
2 for the elevator
icon

Figure 3.12: Option 3
for the elevator icon
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Figure 3.13: Main Screen

Figure 3.14: Screen of the possible journeys

40



3.5 Final Design

Figure 3.15: Screen of the journey with the RE Planner
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4. Evaluation

In order to evaluate the final design, Vignette studies were conducted. They

involve using brief scenarios or descriptions, known as vignettes, presented

to survey participants to gather their reactions and opinions about those

situations [5]. This method was chosen as it can allow users to create realis-

tic scenarios that can simulate various situations [2] to evaluate how users

perceive their accessibility, independence, and travel experience. In Figure

4.1, the experimental design of the Vignettes is shown. The dependent and

independent variables, as well as the within-subject and between-subject

factors, can be seen and are further discussed in subsection 4.4.

Figure 4.1: Experimental Design

4.1 Participants

Participants were recruited via WhatsApp [100] and via in-person contacts.

They had to be older than 18. Eventually, 78 individuals were recruited in

total. The average age of participants was 31 years (SD = 17). Out of the

total of 78 participants, 31 had experienced a temporary mobility disability

(SD = 0.49) in the past and 51 had used the NS Planner [65] before (SD =

0.47).
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4.2 Materials

The Vignette study was developed using Qualtrics [82]. An Information

Sheet and a Consent Form outlining the study’s purpose, procedures, and

ethical considerations were included there.

Since all interview participants emphasized the importance of prepar-

ing their journey in advance and this was also indicated in the Literature

[12, 52, 73, 84], the Vignette focused on this step. Given that the planner

is a redesign of the NS planner [65], the Vignette Study aimed to compare

the two versions. The current NS planner [65] provides information on train

punctuality and crowdedness, so the scenario (See Appendix A.6 ) was built

around these aspects. This approach was chosen to ensure a fair comparison

between the two planners. By focusing on variables like train punctuality

and crowdedness, rather than unique features of the redesign, participants

would not be biased towards the redesign simply because it provided addi-

tional useful information. This way, the evaluation would be based on how

well each planner helps in preparing for the journey, without the influence

of extra features that could skew the results. Consequently, four scenarios

were created to evaluate the redesigned planner’s effectiveness in provid-

ing this information. The screens designed in the previous step for the extra

accessibility features and for the original NS Planner [65] were utilized.

4.3 Measurements

Four different scales were used to formulate the statements that were asked

to be responded to in the vignette study.

1. Perceived Accessibility Scale: Perceived accessibility was assessed

using the Perceived Accessibility Scale (PAC) created by Lättman [45]

that is validated. This scale includes four statements that reflect vari-

ous aspects of travel ease: Ease of travel, Ability to live one’s desired

life, Access to preferred activities, and Quality of access to activities

(See Appendix A.7.1). The tense of the questions was the only change

made to fit the idea that the participants are immersing themselves in
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the preparation for the journey of a temporary mobility-impaired indi-

vidual. So a present continuous tense with a future intention was used

and the questions were changed to "How I am going to travel today"

instead of "How I travel today". Participants rated their agreement

with these statements on a scale from 1 to 7 (1 = Completely disagree,

7 = Completely agree).

2. Travel Autonomy Scale: In order to measure independence, a travel

autonomy scale that was based on the self-determination theory [23]

was developed and validated as a reliable measure [32], was used. The

reason this scale was chosen was because travel autonomy is a signif-

icant component of overall independence, and part of its definition

[69]. The travel autonomy scale includes quantifiable and measurable

criteria to test, making it easier to quantify levels of independence.

Whereas, independence is often considered a non-quantifiable con-

cept because it encompasses a broad range of subjective experiences

and personal capabilities.

This scale assesses four aspects of daily travel autonomy: capability,

prerequisites, freedom, and possibilities (See Appendix A.7.2).

Each statement begins with ’To what degree do you have. . . ’ and contin-

ues with (1) ’the capability to travel as you wish,’ (2) ’the prerequisites to

travel independently without help from others,’ (3) ’the freedom to travel as

you wish,’ and (4) ’the possibility to travel as you wish.’ Each of the four

statements was measured on a seven-point scale ranging from 1 to 7

(1 = To an Extremely Small Extent, 7= Ton an Extremely Large Extent).

3. Travel Satisfaction Scale: To measure if the overall travel experience

is enhanced by the redesign of the NS planner [65], the travel sat-

isfaction scale was utilized (See Appendix A.7.3). It evaluates both

cognitive and affective components, and was used to measure travel

experience as this is a very broad concept while travel satisfaction is

more specific and can be seen as a subset of the broader travel expe-

rience. Moreover, travel satisfaction is a more immediate, short-term

assessment of how well a specific trip met the traveler’s expectations
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and needs, impacting their immediate perception and feedback of that

journey [39]. Thus that helps to effectively measure how well the re-

design of the NS Planner [65] meets user needs and expectations in a

hypothetical setting.

Participants had to answer this type of questions: To what extent would

you feel the following emotions while preparing for the journey using the

planner: enthusiastic/bored, engaged/fed up, and alert/tired for positive ac-

tivation/negative deactivation; calm/stressed, confident/worried, and re-

laxed/hurried for positive deactivation/negative activation. And, to

what extent would you feel that the preparation of this journey: was

high/low standard, worked out well/not well? Respondents rated their ex-

perience on 7-point scales, ranging from -3 (minimum/negative emo-

tions or evaluation) to 3 (maximum/positive emotions or evaluation).

4. Information Overload Scale: The concept of information overload

is crucial to understanding how users interact with digital platforms,

particularly in contexts where a significant amount of information is

provided, such as e-commerce environments or travel planning appli-

cations [18]. In e-commerce, it has been shown that when users are

presented with too much information, it can lead to poor decision-

making and negative subjective experiences [18]. This can similarly

apply to users of travel planning applications, especially those with

temporary mobility disabilities who rely heavily on these tools for ac-

cessible travel routes. For individuals with temporary mobility dis-

abilities, the travel planning tool must deliver information in a man-

ageable way to enhance the travel experience without causing stress

or confusion. By incorporating an information overload scale, this re-

search can systematically assess and address potential overload issues,

ensuring that the travel assistant is both effective and user-friendly.

Particularly in this redesign, where additional information has been

included, it is crucial to ensure it enhances the user experience with-

out overwhelming the user. Thus the goal is, to deliver information in

a manageable way that will promote a more accessible and inclusive

travel experience for individuals with temporary mobility disabilities.
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As a result, to measure the perceived information overload, the Vi-

gnette Study included a validated scale based on a study for informa-

tion overload on consumers’ subjective state [18], that was adapted for

the purpose of the research (See Appendix A.7.4). Each of the state-

ments was measured on a five-point scale ranging from 1 to 5 (1 =

Strongly Disagree, 5= Strongly Agree).

4.4 Procedure

The survey was sent to the participants through WhatsApp [100]. Par-

ticipants opening the survey read the information sheet and the con-

sent form (See Appendices A.4, A.5). After reading and signing a con-

sent form, they were randomly assigned to one of four scenarios (See

Appendix A.6). Screens from one of two planners were then randomly

displayed (See Figure 4.1). Participants completed statements for four

scales related to the first scenario. Subsequently, they were assigned a

second scenario and completed the same four scales for the new sce-

nario.

4.5 Analysis

Using Python, we began by removing columns containing redundant

information(e.g. the start date) to streamline the dataset. We then cre-

ated new columns labeled "Scenarios" and "PlannerType" to facilitate

later identification of these factors in the analysis, such as for Friedman

tests. For each scale question, the program identified the scenarios and

planner type that each participant had reviewed, storing this informa-

tion in a list formatted as a combination (e.g. "SC1SC2RE/ NS"). This

information was extracted from the question IDs (e.g.TA-prereq-SC3-

RE). Finally, we populated the "Scenarios" and "PlannerType" columns

with the appropriate values (e.g. SC1SC2 or RE/NSRE/ NS) for each

participant’s response, based on the specific naming conventions of

each question.
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4.5 Analysis

Initially, descriptive statistical analyses were conducted to summarize

the central tendencies, dispersion, and overall distribution of the re-

sponses for each scale, both for the normal planner and the adapted

planner. This involved calculating measures such as the mean, me-

dian, mode, standard deviation, and range for each planner, provid-

ing a foundational understanding of the data’s basic characteristics

and variability. Descriptive statistical analyses were also conducted

for individual questions of each scale for both the normal planner and

the adapted planner. Additionally, the difference in mean responses

between the planners was calculated. Furthermore, Cohen’s d was

calculated to understand the practical significance of the differences

in responses.

To better understand the results from the descriptive statistical anal-

yses, statistical tests were utilized to check if there was a significant

difference between the planners. More specifically, a mixed model

ANOVA was used to investigate the effects of both between-subject

(Planners) and within-subject factors (Scenarios). The Shapiro-Wilk

and Levene’s test statistics were used to test the assumptions of nor-

mality and homogeneity of variance. The assumption of normality

for a mixed model ANOVA was violated. Therefore, we opted for the

Mann-Whitney U test, to compare two independent groups (Planner

Types), as the assumption of homogeneity of variances was confirmed

from Levene’s test statistics.

To examine the relationships between the dependent variables (per-

ceived accessibility, travel autonomy, travel satisfaction, and informa-

tion overload), a correlation analysis was conducted. Pearson’s cor-

relation coefficients were calculated to assess the strength and direc-

tion of the linear relationships between the variables. This analysis

provided insights into the extent to which changes in one dependent

variable were associated with changes in another.

Descriptive statistical analyses were conducted on perceived acces-

sibility, travel autonomy, and travel satisfaction, categorized by sce-
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nario and planner type. This approach enabled a clear comparison

across the different scenarios. To determine if significant differences

existed in the Travel Autonomy, Perceived Accessibility, and Travel

Satisfaction, across the different pairs of scenarios, a Friedman two-

way ANOVA was conducted, as the assumptions were not violated.

The impact of the scenarios on information overload was not evalu-

ated in this study because information overload is more closely related

to the quantity and complexity of information provided by the plan-

ners, rather than the scenarios themselves. Each scenario’s primary

function was to simulate different travel contexts, whereas the infor-

mation presented within each planner is what directly influences the

cognitive load experienced by the user.
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5. Results

In this chapter, we present the results from the analysis of the vignette

study. The findings are divided into two main parts. First, we dis-

cuss the responses for each scale (Perceived Accessibility, Travel Au-

tonomy, Travel Satisfaction, Information Overload), providing their

descriptive statistics and the results of the statistical tests. Second, we

present the scenario-based results, including the associated descrip-

tive statistics and outcomes of the statistical analyses.

5.1 Effect of the re-designed planner on the

subjective ratings

This section presents and compares the effects of the redesigned plan-

ner and the NS Planner [65] on subjective ratings for each scale. It in-

cludes descriptive statistics, percentage responses for individual scale

statements, and overall differences in results between the two plan-

ners.

5.1.1 Perceived Accessibility:

PlannerType mean std min 25% 50% 75% max
NS 3.773026 1.210126 1.125 2.9375 3.75 4.75 5.75
RE 4.322368 1.349935 1 3.5 4.375 5.34375 6.125

Table 5.1: Perceived Accessibility Descriptive Statistics

As can be observed in Table 5.1, the RE group generally perceives bet-

ter accessibility compared to the NS group, as evidenced by higher

mean and median values, as well as higher values at the 25th and 75th

percentiles. The wider range in the RE group, indicated by a higher

standard deviation and a broader spread between the minimum and
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Figure 5.1: PAC - Responses for the Re Planner

Figure 5.2: PAC - Responses for the NS Planner

maximum values, suggests more variability in their perceptions of ac-

cessibility. The coefficient of variation calculated (For NS: CV = 1.210126

/ 3.773026 0.32, For RE: CV = 1.349935 / 4.322368 0.31), suggests that

this relative variability compared to the mean is not drastically differ-

ent. The low minimum values (min perceived accessibility NS = 1.125 and

min perceived accessibility RE = 1 ) do not necessarily indicate outliers

by statistical definitions, but they do show a significant deviation from

the central tendency (mean and median) and quartiles. This suggests

there may be a few respondents who rated perceived accessibility very

low compared to the majority, but they are not extreme enough to be

classified as outliers.
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5.1 Effect of the re-designed planner on the subjective ratings

PAC_Scale_Question Mean_NS Std_NS Mean_RE Std_RE Difference
able to do all the activities
I like to do

3.753 1.210 4.360 1.350 0.6067

access to all the things I
want to do is very good

3.815 1.210 4.401 1.350 0.5859

easy to do (daily) activi-
ties

3.800 1.210 4.271 1.350 0.4716

able to live my life as I
want to

3.720 1.210 4.339 1.350 0.6194

Table 5.2: PAC Scale Questions, Means, Standard Deviations, and Differences

Cohen’s d Effect Size
0.473 Medium
0.457 Medium
0.368 Small
0.483 Medium

Table 5.3: Cohen’s d and Effect Size for PAC Scale Questions

The results from the individual responses on the perceived accessibil-

ity statements (See Figures 5.1, 5.2) show that both groups generally

have a positive outlook across all questions. However, the RE group

consistently shows a higher percentage of responses in the highest sat-

isfaction categories. Most responses with the RE planner fall between

5 and 6 on the Likert scale, while responses with the NS planner [65]

are typically either 5 or 3. Especially for questions related to living life

as desired, participating in activities, and accessing activities, the ma-

jority of responses for the RE planner were concentrated in the upper

categories of the scale ("7" and "6"). In contrast, the NS planner [65]

had more spread-out responses, with fewer high ratings and a larger

proportion of moderate responses.

To determine if the differences in responses to each question between

the two planners are significant, we examined Cohen’s d values (See

Table 5.3). They suggest effect sizes ranging from small to medium,

highlighting the differences in means between the NS and RE groups.

The Mann-Whitney U test indicated that the perceived accessibility

levels of the participants did not differ significantly between the groups,

U = 540.5, p = 0.059, two-tailed. However, the p-value is very close
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Figure 5.3: Median Scores for Perceived Accessibility

to the 0.05 threshold, suggesting that the results are nearly significant.

This difference can also be observed from the median scores in Figure

5.3.

5.1.2 Travel Autonomy:

As can be seen in Table 5.4, the RE group generally perceives greater

travel autonomy across all measures (mean, median, quartiles) com-

pared to the NS group. The distribution of scores in the RE group is

slightly more spread out (higher standard deviation), indicating more

variation in responses. The coefficients of variation calculated (CV

(NS) = 1.208118 / 3.664474 0.33, CV (RE) = 1.326035 / 4.286184 0.31),

are not close to the mean or over 1, indicating moderate variability.

The higher median and quartiles in the RE group suggest that not only

do they rate their autonomy more positively on average, but a greater

proportion of the group also perceive higher autonomy.

PlannerType mean std min 25% 50% 75% max
NS 3.664474 1.208118 1.625 2.78125 3.6875 4.65625 6.125
RE 4.286184 1.326035 1.125 3.5625 4.25 5.46875 6.25

Table 5.4: Travel Autonomy Descriptive Statistics

The results from the individual responses on the travel autonomy state-

52



5.1 Effect of the re-designed planner on the subjective ratings

Figure 5.4: TA - Responses for the Re Planner

Figure 5.5: TA - Responses for the NS Planner
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ments (See Figures 5.1, 5.2) show that both groups tend to respond

mostly moderately (around 4). However, the RE group shows a notice-

able difference compared to the NS group, with responses clustering

more around the higher ratings. More specifically, for the RE Planner

(See Figure 5.4), the "prerequisite" and "capability" statements exhibit a

relatively even distribution across all ratings with a noticeable indica-

tion of responses at the highest rating. The question about having the

prerequisites to travel independently though, shows more responses

on the upper ratings. The responses to the question about having the

prerequisites to travel independently show a tendency toward higher

ratings ("6" and "7"). The "possibility" and "freedom" statements pre-

dominantly cluster around the mid-range rating of 4 (Moderate), with

the "freedom" aspect having the most varied distribution, indicating

differing levels of agreement among respondents.

For the NS Planner [65] (See Figure 5.5), the "freedom" and "capability"

questions are mainly rated as moderate, whereas the "prerequisite"

and "possibility" statements show a more balanced distribution across

all rating levels. Overall, responses for the NS Planner [65] include a

higher frequency of low ratings (2-3) compared to the responses for

the RE Planner.

TA_Scale_Questions Mean_NS Std_NS Mean_RE Std_RE Difference
capability 3.662135 1.2081 4.415497 1.3892 0.753
freedom 3.683743 1.0990 4.242105 1.6455 0.558
possibility 3.787524 1.3717 4.278728 1.6348 0.491
prerequisite 3.539401 1.3869 4.282237 1.3464 0.743

Table 5.5: TA Scale Questions, Means, Standard Deviations, Differences, and
Cohen’s d

Cohen’s d Effect Size
0.579 Medium
0.399 Small
0.326 Small
0.544 Medium

Table 5.6: Cohen’s d and Effect Size for TA Scale Questions

To determine if the differences in responses to each question between
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5.1 Effect of the re-designed planner on the subjective ratings

Figure 5.6: Median Scores for Travel Autonomy

the two planners are significant, we can examine Cohen’s d values (See

Table 5.5). The Cohen’s d values (See Table 5.6) suggest effect sizes

ranging from small to medium, highlighting the differences in means

between the NS and RE groups.

The Mann-Whitney U test indicated that the travel autonomy levels of

the participants differed significantly between the groups, U = 501.5,

p = 0.022, two-tailed. This can be observed from their overall median

scores as well (See Figure 5.6).

5.1.3 Travel Satisfaction

As can be seen in Table 5.7, both groups report high satisfaction levels

on average, but the RE group consistently shows higher averages and

medians, as well as a higher 75th percentile score. This suggests that

the RE group generally finds their travel experiences more satisfying

than the NS group.

PlannerType mean std min 25% 50% 75% max
NS 5.004386 1.202571 2.777778 4.138889 5.055556 5.611111 7.833333
RE 5.29398 1.192625 2.95 4.5375 5.55 6.325 6.888889

Table 5.7: Travel Satisfaction Descriptive Statistics

The participants’ responses to the travel satisfaction statements indi-
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Figure 5.7: TS - Responses for the Re Planner

Figure 5.8: TS - Responses for the NS Planner
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5.1 Effect of the re-designed planner on the subjective ratings

cate that the RE planner is perceived more positively across various

metrics compared to the NS planner [65]. The RE planner tends to

have slightly more positive responses, while the NS planner shows a

more even distribution, with a marginally higher presence of moder-

ate responses. Negative responses are minimal in both cases, but the

NS planner [65] has a slight edge in that category. Users of the RE

planner report feeling more enthusiastic, engaged, alert, calm, con-

fident, and relaxed. Additionally, they rate their travel experience

higher in terms of standard and preparation. More specifically, ques-

tions related to preparation have a higher concentration of positive

responses compared to negative ones. Similarly, questions related to

feelings of calm and enthusiasm show a higher concentration of pos-

itive responses. In contrast, for the NS planner [65], the preparation

question predominantly received moderate ratings ("0"). While many

responses for the NS planner [65] cluster around the positive end of

the scale ("6"), the RE planner sees more responses around the maxi-

mum rating of 7, indicating a stronger positive perception.

TS_Scale_Questions Mean_NS Std_NS Mean_RE Std_RE Difference
tired/alert 5.261 1.071 5.499 1.232 0.238
stressed/calm 4.697 1.642 5.086 1.771 0.389
worried/confident 4.596 1.669 5.198 1.773 0.603
fed-up/engaged 5.052 1.418 5.473 1.499 0.421
bored/enthusiastic 5.065 1.418 5.418 1.499 0.353
worst/best preparation 5.135 1.641 5.537 1.802 0.401
not well/worked well preparation 5.585 1.268 5.806 1.302 0.221
hurried/relaxed 4.698 1.503 4.983 1.629 0.286
low standard/high standard 4.929 1.538 5.646 1.574 0.717

Table 5.8: TS Scale Questions, Means, Standard Deviations, and Differences

To determine if the differences in responses to each question between

the two planners are significant, we can examine Cohen’s d values (See

Table 5.8). The Cohen’s d values (See Table 5.9) suggest effect sizes

ranging from negligible to small, highlighting the differences in means

between the NS and RE groups.

The Mann-Whitney U test indicated that the travel satisfaction levels

of the participants did not differ significantly between the groups, U

= 587.5, p = 0.164, two-tailed. However, the median scores indicate the
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Figure 5.9: Median Scores for Travel Satisfaction

RE Planner still performed better than the NS (See Figure 5.9).

Cohen’s d Effect Size
0.207 Small
0.226 Small
0.344 Small
0.288 Small
0.239 Small
0.225 Small
0.170 Negligible
0.177 Negligible
0.457 Small

Table 5.9: Cohen’s d and Effect Size for TS Scale Questions

5.1.4 Information Overload:

Both planners have very similar mean and median values, suggest-

ing that the average user experience regarding information overload is

nearly identical for both planners. The 25th, 50th, and 75th percentile

values are very close for both planners, reinforcing the similarity in

user experiences. Moreover, both planners have similar minimum and

maximum scores, indicating a comparable range of experiences. The

RE planner shows a slightly higher variation in responses, as indicated

by the higher standard deviation.

Overall, users perceive the RE planner more positively in handling the
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PlannerType mean std min 25% 50% 75% max
NS 3.095865 0.321279 2.571429 2.928571 3.071429 3.214286 4
RE 3.053571 0.341885 2.5 2.833333 3 3.214286 4

Table 5.10: Information Overload Descriptive Statistics

Figure 5.10: IO - Responses for the Re Planner

Figure 5.11: IO - Responses for the NS Planner

59



Results

information overload associated with travel preparation (See Figures

5.11, 5.10). They feel more confident in managing the information pro-

vided and find it slightly more fitting to their needs compared to the

NS planner [65]. The NS planner [65] users report a higher sense of

burden and difficulty in acquiring the necessary information, though

they still generally read the provided information carefully. The NS

planner [65] has a higher proportion of users who agree that a small

part of the information is relevant compared to the RE planner. The

RE planner shows a more neutral to slightly negative perception, with

many users neither agreeing nor disagreeing, and a significant portion

disagreeing with the statement that only a small part of the informa-

tion was relevant.

To determine if the differences in responses to each question between

the two planners are significant (See Table 5.11), we can examine Co-

hen’s d values. The Cohen’s d values (See Table 5.12) suggest effect sizes

ranging from negligible to large, highlighting the differences in means

between the NS and RE groups. The difference in information rele-

vance is notable (large effect size) indicating users perceive the infor-

mation in the RE planner as less relevant compared to the NS planner

[65].

IO_Scale_Questions Mean_NS Mean_RE Difference
I felt difficulty in acquiring all of
this information

2.638 2.519 0.118

burdened in handling it 2.614 2.529 0.085
info fitted to my need 3.253 3.515 0.262
effectively handle all of the infor-
mation

3.527 3.682 0.154

read every piece of information 4.016 4.242 0.226
info relevant to my need 3.169 2.795 0.374
where to find the information 2.439 2.389 0.050

Table 5.11: IO Scale Questions, Means, and Differences

The Mann-Whitney U test indicated that the information overload lev-

els of the participants did not differ significantly between the planners,

U = 795, p =0.450, two-tailed.
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Cohen’s d Effect Size
0.357 Small
0.261 Small
0.774 Medium
0.462 Small
0.671 Medium
1.111 Large
0.148 Negligible

Table 5.12: Cohen’s d and Effect Size for IO Scale Questions

5.1.5 Correlation between the Dependent Variables

There is a strong positive correlation between Travel Autonomy and

Perceived Accessibility (r = 0.84). Similarly, Travel Autonomy and

Travel Satisfaction also show a strong positive correlation (r = 0.76).

These correlations suggest that as perceived accessibility improves,

users’ sense of travel autonomy increases, and higher travel autonomy

is associated with greater travel satisfaction.

Figure 5.12: Correlations between the dependent variables
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Perceived Accessibility and Travel Satisfaction are also strongly posi-

tively correlated (r = 0.83), indicating that improvements in accessibil-

ity directly enhance user satisfaction.

The correlation between Travel Autonomy and Information Overload

is negligible (r = -0.0005), as is the correlation between Perceived Ac-

cessibility and Information Overload (r = -0.0065). This implies that

changes in travel autonomy and accessibility do not significantly im-

pact the level of information overload experienced by users.

5.1.6 Effect of the Scenarios

The scenarios (See Appendix A.6) showed similar results for perceived

accessibility and travel autonomy between the two planners, with the

most notable differences occurring in the scenario where the train was

not busy and there was no delay (SC2). In contrast, the scenario (SC3)

where the train was busy and there was a disruption showed very

close results between the two planners for both perceived accessibility

and travel autonomy, with the RE slightly outperforming the NS. For

travel satisfaction, the results did not show significant differences be-

tween the two planners, with the largest difference again observed in

SC2 and the RE, overall, outperforming the NS in every scenario. (See

Figure 5.13)

A Friedman two-way ANOVA was conducted to compare the results

of Travel Autonomy, Perceived Accessibility, and Travel Satisfaction

across different pairs of scenarios. The results indicated that there

were no significant differences across the pairs of scenarios for Travel

Autonomy (χ2 = 6.19, d f = 3, p = 0.29), Perceived Accessibility

(χ2 = 3.80, d f = 3, p = 0.58), and Travel Satisfaction (χ2 = 5.72,

d f = 3, p = 0.33).

Conclusions: The vignette study revealed that the redesigned plan-

ner (RE) generally outperformed the NS Planner [65], especially in

perceived accessibility and travel autonomy, with higher mean and

median values. This led to higher satisfaction levels and more posi-
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(a) Mean Travel Autonomy by Scenario and Plan-
ner Type

(b) Mean Perceived Accessibility by Scenario and
Planner Type

(c) Mean Travel Satisfaction by Scenario and
Planner Type

Figure 5.13: Mean values of various factors by Scenario and Planner Type
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tive responses for the RE planner across various scenarios. Statistical

tests confirmed significant differences in travel autonomy and near-

significance in perceived accessibility.

Although travel satisfaction did not show statistically significant dif-

ferences, the RE planner had higher mean and median values and

more positive individual responses. Information overload levels were

similar for both planners. Strong positive correlations were found be-

tween perceived accessibility, travel autonomy, and travel satisfaction.

Scenario analyses indicated the RE planner’s better performance in

convenient conditions, with minimal differences in more challenging

scenarios.
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6. Discussion

In this section, we discuss the main findings of this research, interpret

them, and evaluate their significance. We start by addressing the re-

sults in relation to each subquestion, providing a comprehensive anal-

ysis of the outcomes. Next, we explore the effects of the scenarios

studied and propose design recommendations based on our insights.

We then outline the limitations of this research and describe how we

addressed these challenges. Finally, we suggest directions for future

research based on our findings and the limitations encountered.

6.1 SQ1: Identified Travel Needs and Barriers/

Challenges

The participants’ interview responses revealed consistent patterns, high-

lighting shared experiences, challenges, emotions, and needs. The

main barriers identified were extensive planning and sudden disrup-

tions, such as non-functional services and overcrowded stations/trains,

aligning with those reported in the literature (See Tables 2.1, 2.4). This

consistency underscores the importance of targeted solutions to ad-

dress these common concerns. Consequently, there is a fundamental

nature of the barriers and accessibility issues within public transporta-

tion systems. Therefore these findings have a promising broader ap-

plicability not only for those with temporary but also for those with

permanent mobility impairments. The emotional impact of these bar-

riers leads to significant emotional distress, as already discussed by

Penfold [74], and Mackett & Thoreau [50]. These issues have been

supported in other studies as well [12, 24, 32, 50, 52, 73, 79, 84]. Based

on their experiences with those barriers and those emotions, the need

for independent traveling was expressed, which was also consistently
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argued in the literature [8, 32, 71]. However, they also emphasized

the importance of choosing between independence and immediate as-

sistance. Literature indeed indicates that true independence is about

having the choice between those two [59, 68, 83]. To feel more inde-

pendent now they had to preplan exhaustively, explaining their re-

quest for more efficient journey-planning tools that do not require ex-

tensive time and effort.

6.2 SQ2: Desired Technological Accessibility

Features

Similar to Müller [61], our participants underscored the importance

of real-time information and immediate assistance in reducing their

travel-related anxiety and increasing independence. More specifically,

they requested the provision of real-time information about station

crowdedness and elevator functionality that directly addresses the un-

predictability and the physical barriers reported in this study and the

literature [74, 102]. Such a technological need was expected, as real-

time information has also been a highly utilized feature in previous

technological solutions that focused on fostering independence and

accessibility (See Table 2.5).

The inclusion of a location-based immediate assistance button was

particularly requested, reflecting a desire for independence together

with the need for occasional support. This feature helps bridge the

gap between needing assistance and maintaining autonomy, a signifi-

cant concern for mobility-impaired travelers [8, 72]. Additionally, this

desire stems from their expressed need to avoid seeking in-person as-

sistance from strangers, which they articulated as overwhelming.
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Travel Autonomy, Travel Satisfaction and Information Overload

6.3 SQ3: Impact of the Additional Features on

Perceived Accessibility, Travel Autonomy, Travel

Satisfaction and Information Overload

Overall, the findings indicate a positive response to the additional

technological accessibility features. These enhancements positively in-

fluenced perceived accessibility, travel autonomy, and overall travel

satisfaction.

More specifically, the results highlight a significant improvement in

travel autonomy with the addition of technological features. This aligns

with previous research findings that highlight the effectiveness of tech-

nological interventions in enhancing travel autonomy [8, 53]. Specifi-

cally, individuals reported enhanced capability, freedom, and the pos-

sibility to travel as they wished. Values that can lead to overall well-

being and a better quality of life [24, 32]. This means that the addi-

tional features can be helpful in the preparation of their journeys, in a

way that makes them feel more confident about their independence.

Notably, the highest ratings were given to the question regarding the

prerequisites for independent travel without requiring assistance from

others. This suggests that the new technological features effectively

provide the necessary prerequisites for individuals to feel more inde-

pendent. This finding is significant because reducing the need to ask

for help was a critical need identified by participants and indepen-

dence is a primary objective of this research.

Previous research has highlighted the positive relationship between

travel autonomy and perceived accessibility [46], a relationship that

our study also confirmed. Although the results did not show a sig-

nificant statistical improvement in perceived accessibility, there was

still a notable enhancement. The lack of statistical significance can be

attributed to the fact that participants may need more time to fully

adapt to and trust the new technological features. Initial usage might
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not be sufficient to significantly alter their perceptions of accessibility

[15]. Additionally, if participants had strong pre-existing perceptions

of poor accessibility due to previous negative experiences, a short-

term intervention might not be enough to change these deeply in-

grained views [74, 75]. Therefore, this is promising for significant re-

sults in the future as users become more familiar with the additional

features.

Questions related to their ability to do all the activities they want, hav-

ing good access to these activities, and being able to live their lives

as they wish were highly rated with the additional features and only

moderately rated with the existing NS Planner [65]. This can be ex-

plained by the reduced dependence on others facilitated by the new

technological features, which likely led to the perception of better ac-

cess to all desired activities, as supported in the literature [54]. Achiev-

ing the ability to live life as desired is closely tied to implementing the

main needs articulated by participants. The new features allow indi-

viduals to feel more in control of their lives and activities, contributing

to higher ratings in this area [32]. Participants felt more capable of en-

gaging in all their preferred activities, likely due to the more reliable

information provided by the technological features [74].

Both travel autonomy and perceived accessibility are positively re-

lated to life satisfaction [46]. In our study, there was a positive corre-

lation between them and particularly travel satisfaction. While travel

satisfaction did not show a statistically significant improvement, there

was still a notable enhancement. Achieving a significant result in

travel satisfaction is challenging due to the multifaceted factors that

influence it. Travel satisfaction is deeply tied to emotions and feelings,

which are difficult to fully capture in a vignette study where partici-

pants simulate scenarios rather than experiencing real-world settings.

However, our results still show better ratings in terms of emotions and

feelings, indicating that the additional features could enhance travel

satisfaction even in a simulated environment. This suggests that these
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6.3 SQ3: Impact of the Additional Features on Perceived Accessibility,
Travel Autonomy, Travel Satisfaction and Information Overload

features have the potential to yield even better results in real-world

settings.

The travel satisfaction scale showed the highest ratings with the ad-

ditional features in questions about the quality of preparation ("the

best/worst you can think of") and the effectiveness of the prepara-

tion ("worked out well/not well"). This can be explained by the fact

that having extra information from the additional features leads to bet-

ter preparation for their travel journey, which is a crucial aspect for

mobility-impaired individuals based on both their saying and the lit-

erature [61]. Preparation is vital for these travelers, and the new fea-

tures likely provided the confidence and assurance needed for better

planning.

Moreover, as these features were specifically designed to address the

needs of mobility-impaired individuals, it was expected that travel

satisfaction would be enhanced. Research supports the positive re-

lationship between meeting the specific needs of mobility-impaired

travelers and improved travel satisfaction [96]. This alignment be-

tween the additional features and the users’ needs likely contributed

to the observed enhancements in travel satisfaction, even if not statis-

tically significant.

The lack of significant results for Information Overload was expected

since most participants were already familiar with the NS Planner [65],

which served as the baseline. The additional features in the redesign

were not drastically different. The redesign’s better results can be at-

tributed to the added information being more useful for individuals

with mobility impairments. This is reflected in the high ratings for

the relevance of the provided information. In contrast, the NS Plan-

ner [65], despite having less information, received higher ratings for

causing burdens and difficulty in acquiring information, possibly due

to participants finding it less helpful.
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6.4 Effect of Scenarios on Perceived Accessi-

bility, Travel Autonomy, Travel Satisfaction

The scenarios examined were not specifically linked to the additional

technological features added in the redesign but addressed general is-

sues that all individuals might encounter while traveling. Therefore,

significant differences between the two planners were not initially an-

ticipated and that was confirmed by the results. However, it was ex-

pected that providing extra and real-time information during busy or

disrupted travel conditions would enhance travelers’ perceptions of

autonomy and accessibility and lead to better travel satisfaction by

reducing overall stress and boosting confidence as supported by the

literature [75].

The most notable differences observed in Perceived Accessibility and

Travel Autonomy were in the scenario where the train was not busy

and there was no delay (SC2). This suggests that even in scenarios

without disruptions, the RE planner’s ability to provide real-time in-

formation about elevator functionality, station crowd levels, and im-

mediate assistance options significantly enhances users’ perceptions

of accessibility and travel autonomy. These features allow travelers to

proactively plan for their accessibility needs, leading to a more confi-

dent and stress-free travel experience.

On the other hand, the very similar results for perceived accessibility

and travel autonomy in SC3 (train busy/delay) can be attributed to

the fact that such situations are generally challenging for all travelers,

including those with mobility impairments. The additional features

provided by the RE planner are not directly related to managing de-

lays or busy trains, which explains the lack of significant difference

between the two planners in this scenario.
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6.5 Design Recommendations

Based on the findings of our research we propose design recommen-

dations for technological accessibility features for mobility-impaired

individuals. In this section, those recommendations will be discussed

to inspire and aid in future design.

RECOMMENDATION 1 - Pre-Trip Journey Simulation Feature: Plan-

ning journeys is emphasized in the literature and confirmed by inter-

views (Table 2.4), which is significant. Future accessibility features

should include an interactive navigation system that dynamically up-

dates and guides users along accessible routes, avoiding barriers in

real time. Research shows that such features enhance users’ indepen-

dence, confidence, and participation in activities. [1].

Inspired by a feature introduced by Google Maps in 2018, which of-

fered wheelchair-accessible routes [51], this advancement aims to make

navigation more inclusive and accessible for everyone. When a bar-

rier is detected, the system could recalculate the route to provide an

alternative accessible path, avoiding stairs, non-functional elevators,

or other obstacles. This feature addresses the need for alternate routes

and within-station navigation, reducing anxiety and increasing inde-

pendence. Accessible features like elevators, ramps, and restrooms

could be displayed on the map, with unavailable features grayed out

and alternatives shown. Step-by-step instructions, such as "Go straight,

turn left in 20 meters, use the elevator on your right," could guide

users through accessible routes.

Research on similar systems highlights the feasibility and benefits of

such technology. For instance, a study on mobile augmented real-

ity for indoor navigation demonstrated significant improvements for

wheelchair users, incorporating features such as the ability to register

CAD drawings, find optimal routes, avoid obstacles, and use visual

and voice commands for interaction [67].
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RECOMMENDATION 2 - Real-Time Barrier Reporting: During in-

terviews with individuals with temporary mobility issues, it was high-

lighted that both passenger and staff awareness of their needs is cru-

cial. Our design currently provides an immediate assistance feature

to inform operator staff but lacks on enhancing their awareness be-

yond that. One potential solution, suggested by a participant, is to

enable users to record and report any barriers they encounter dur-

ing their journey. This can be implemented through a simple form

where users can select the type of barrier (e.g., malfunctioning eleva-

tor, blocked ramp), specify its location, and provide additional com-

ments. This feature would help ensure that operator staff are promptly

made aware of and can address these issues.

Crowdsourcing applications [9, 55, 70] leverage community input to

solve problems and improve services efficiently. By implementing

real-time barrier reporting for temporary mobility issues, we can en-

hance public transport accessibility through user-driven reports of bar-

riers like malfunctioning elevators or blocked ramps. By applying

these principles to public transport, we can ensure that temporary mo-

bility issues are addressed promptly and efficiently, enhancing overall

accessibility and user satisfaction.

RECOMMENDATION 3 - Comprehensive Information Provision

for Available Accessibility Services: During interviews, individu-

als emphasized the importance of having comprehensive information

about the available accessibility services. They often spent consider-

able time searching for these services or mistakenly believed they were

only for those with severe disabilities. A future system could address

this by allowing users to customize their travel preferences, such as

indicating they are a wheelchair user. Based on their specific journey,

the system would then provide tailored recommendations for the ac-

cessible services they could book or request if needed. This approach

ensures that information is directly relevant to their route, saving them

time and effort. Additionally, it may encourage users to seek assis-

tance when necessary while also boosting their confidence to travel
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independently, knowing that support options are readily available if

needed.

RECOMMENDATION 4 - Adjust Journey Time Based on Condi-

tion: Three participants highlighted the need for the travel planner

to adjust the estimated journey time based on their condition. For ex-

ample, wheelchair users often need extra time to reach the elevator,

wait for it, and navigate through crowded stations. If users could cus-

tomize their travel preferences as mentioned in the third recommen-

dation before 6.5, the system could also recommend arriving at the

station earlier or provide adjusted time estimates that reflect these ad-

ditional requirements. This feature would ensure that users can plan

their journeys more accurately and reduce the stress associated with

potential delays. By accounting for the extra time needed, the sys-

tem would enhance the overall travel experience, making it more pre-

dictable and manageable for those with temporary mobility impair-

ments. This need aligns with the literature, which highlights that in-

dividuals often need additional time travel costs to manage and over-

come barriers during their journeys.[12, 52, 73, 84]

6.6 Limitations

Several limitations impact this study. The fact that we observed consis-

tent patterns and similar responses among the 7 participants suggests

that the sample for the interviews provides an accurate representation

for the purposes of this research. However, it may not fully capture the

diversity of experiences among temporarily mobility-impaired trav-

elers, limiting the generalizability of the findings. This could be at-

tributed to the sample size; despite identifying patterns and consis-

tent responses, there remains the possibility of missing certain aspects

of the broader experience. Still, as they had all experienced traveling

with a temporary mobility-disability, they were good representatives

of the study.

When considering the results of this study, it is important to recognize
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that the evaluation of the redesigned NS Planner [65] app through a vi-

gnette study may not fully capture the complexity of real-world usage.

Participants were shown screenshots of the app rather than interacting

with it directly, meaning the study assessed hypothetical use based on

static images rather than the full user experience. Additionally, par-

ticipants immersed themselves in hypothetical scenarios, and not all

had experience with temporary mobility impairments, which could

impact their ability to accurately assess the difficulties and benefits of

the redesigned planner. However, they were instructed to adopt the

perspective of a person with a mobility impairment while respond-

ing to the vignette study, simulating real-world settings. Moreover,

the screens provided were identical to those users would encounter

when planning their journey from start to finish, ensuring the data’s

relevance for the scope of this research.

The majority of participants had experience with the NS Planner [65]

and therefore familiarity bias could be a limitation of this study. Partic-

ipants who regularly used the NS Planner [65] might have developed

habits and expectations based on their previous experiences. Conse-

quently, they might have subconsciously compared the RE Planner to

the familiar NS Planner [65], potentially overlooking the additional

features and benefits introduced by the redesign. Nonetheless, there

was still a sufficient number of representatives without prior experi-

ence, ensuring a balanced participant pool.

Another potential limitation could be related to the scales used for

the Vignette Study. While the Travel Autonomy Scale is valuable for

understanding travel-specific independence, incorporating additional

scales might have provided a more broad view of the participants’

overall functional independence and ability to adapt to the new plan-

ner. Similarly, while Travel Satisfaction Scale provides valuable in-

sights into specific aspects of the travel journey, it may not capture the

full multidimensional nature of the overall travel experience. How-

ever, the Travel Autonomy and Travel Satisfaction scales were accu-

rately and appropriately chosen for the purposes of this research, to
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measure participants’ independence and travel experience, based on

related literature.

Due to time constraints, not all proposed design requirements were

implemented in the final version of the redesigned NS Planner [65]

app, meaning some potentially valuable features were not evaluated.

However, the most crucial features, based on interview data and re-

lated literature, were included, providing a sufficient basis for evalua-

tion in this study.

6.7 Future Work

To address the limitations identified in this study, future research should

consider several key areas for improvement. First, increasing the sam-

ple size for interviews would help capture a more diverse range of

experiences among temporarily mobility-impaired travelers, thereby

enhancing the generalizability of the findings. Employing methods to

mitigate self-reported data biases, such as using travel diaries or ob-

servational studies, could also improve the accuracy and reliability of

the data collected.

Those methods could be useful for future evaluation of the redesigned

planner as well, as they should move beyond vignette studies to in-

corporate real-world usage assessments. Conducting longitudinal or

even observational studies with participants using the actual app in

their daily travels would provide a more comprehensive understand-

ing of its effectiveness and usability. Moreover, future implementa-

tions should attempt to incorporate all proposed design requirements.

This would allow for a thorough evaluation of the app’s full poten-

tial and identify which features are most beneficial to users. Assessing

the long-term impact of the proposed solutions on users’ travel behav-

ior and independence is also crucial. Longitudinal studies that track

changes in travel patterns and independence over time would provide

valuable insights into the effectiveness of the app.
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To address familiarity bias, future studies could ensure an equal num-

ber of experienced and inexperienced users. Additionally, designing a

new prototype without using an existing one as a baseline could help

evaluate potential accessibility features more objectively.

The focus of this research is retained on the planning process of the

journey because it is crucial, as indicated by interview data and exist-

ing literature. However, in future research, it would be beneficial to

investigate the entire travel journey or other parts of the journey as

well to gain a comprehensive understanding of the travel experience.

Moreover, when evaluating the technological accessibility features, eye-

tracking technology could be used in future research to understand if

participants notice them, how they interact with them, and to identify

any overlooked features. This approach can provide a comprehensive

understanding of the effectiveness of the current accessibility features

and guide improvements to ensure a more accessible and inclusive

travel experience for individuals with mobility impairments. For this

comprehensive understanding, incorporating qualitative questions fol-

lowing the Vignette Study would be also beneficial. These questions

can help explain the reasons behind participants’ responses and pro-

vide deeper insights into the significance of the results.
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7. Conclusions

In this study, we investigated the challenges and solutions for em-

powering travelers with temporary mobility impairments within the

Dutch railway systems. The research was driven by the question:

"How can technological accessibility features be designed based on the user

needs of individuals with temporary mobility impairments to enhance both

perceived accessibility and independence within the Dutch railway systems,

thereby improving their overall travel experience?". This primary question

was addressed through three subquestions:

(SQ1): What are the specific travel needs and barriers/challenges of individ-

uals with temporary mobility impairments when traveling with the Dutch

railway systems?

(SQ2): What are the main technological accessibility features temporary mo-

bility impaired people desire?

(SQ3): How do the additional technological accessibility features impact per-

ceived accessibility, independence, and overall travel experience among users

with temporary-mobility impairments?

To answer these questions, we conducted semi-structured interviews,

a vignette study, and a user-centered design approach. As a result,

we identified key accessibility features such as real-time updates on

station conditions and a location-based immediate assistance button,

which can significantly improve the perceived accessibility and inde-

pendence of temporarily mobility-impaired travelers. This research

contributes to the field of Human-Computer Interaction by providing

practical insights and solutions for developing more inclusive public

transportation systems globally.
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Overall, the results from this study are promising and lay the ground-

work for future research into technology-based interventions aimed

at enhancing perceived accessibility and independence for temporary

mobility-impaired individuals. Our findings provide valuable insights

into designing effective accessibility features that can significantly im-

prove perceived accessibility and independence. We hope our work

will contribute to more inclusive public transportation systems and

inspire further research and development in this critical area. From

overall findings of this study, the following conclusions can be drawn:

• Identification of Barriers and Needs:

– Interviews revealed significant barriers faced by individu-

als with temporary mobility impairments that include non-

functional elevators, crowded stations, and the need for ex-

tensive pre-planning.

– Emotional impacts such as stress and anxiety were highlighted

due to these barriers.

– Those are strongly correlated with the main needs identified:

(a) efficient journey planning, (b) immediate assistance, (c)

independent traveling

• Preference for Independent Travel:

– A strong preference for independent travel was expressed by

participants in combination with the need for systems that

allow for independent travel while assisting when needed.

• User-Centered Design Approach:

– The study employed a user-centered design approach, incor-

porating feedback from individuals with temporary mobil-

ity impairments through interviews, to develop the proposed

solutions.

– This approach ensures that the solutions are tailored to the

specific needs and challenges of the target users.
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• Key Technological Solutions:

– Real-time updates on station crowding and elevator func-

tionality.

– A location-based immediate assistance button.

– These features were designed to fulfill users’ needs by reduc-

ing the time spent on planning ahead and providing an easy

option for requesting immediate assistance.

– The overall goal was to enhance perceived accessibility and

independence, reducing the reliance on human assistance.

• Evaluation:

– The evaluation through vignette studies showed significant

enhancements in travel autonomy and promising improve-

ments in perceived accessibility and travel satisfaction.

– Participants seem to appreciate the ability to receive real-time

updates and the option to request immediate assistance.

• Broader Applicability:

– While focusing on the Dutch railway system, the findings can

have broader applicability for public transportation systems

globally.

– The research contributes practical insights for promoting ac-

cessibility in transportation systems, ensuring inclusivity for

all individuals with mobility impairments.
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A. Appendix Materials

A.1 Information Sheet - Interviews

(a) Introduction

You are invited to participate in a scientific research study de-

signed to improve our understanding and empower individu-

als traveling by train in the Netherlands, particularly those with

temporary mobility impairments. This study seeks to gather in-

sights into the challenges, barriers, and emotional experiences en-

countered during travel. Please note that the interviews for this

study will be conducted online, utilizing Microsoft Teams meet-

ings. This approach allows for a flexible and accessible participa-

tion process from any location, ensuring your comfort and con-

venience throughout the research engagement.

(b) What is the background and purpose of this study?

This research is about making railway travel in the Netherlands

easier and more accessible for people who have temporary diffi-

culties moving around, like those recovering from surgery or in-

juries. The idea is to create a digital travel assistant that can guide

these individuals through the railway system, making their jour-

neys smoother and less stressful. This way, they can travel more

independently, without needing to rely heavily on others for as-

sistance.

(c) Who will carry out the study?

This study is carried out by Ioanna Vounzoulaki, i.vounzoulaki

@students.uu.nl, as part of my master thesis under supervision

of Marloes Vredenborg, m.t.r.vredenborg@uu.nl.

(d) How will the study be carried out?
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In this study, you will have the opportunity to share your expe-

riences through an interview, specifically focusing on times you

have travelled with the train while dealing with an injury. The

focus is on hearing about any obstacles you encountered, chal-

lenges you faced, and the emotions you experienced during these

journeys. Additionally, your perceptions of accessibility and the

sense of independence will be explored. The interview is ex-

pected to last approximately 30 to 40 minutes.

(e) What will we do with your data?

If you consent to this, an audio recording will be made. This

recording will be stored in the researcher’s personal secure Uni-

versity drive. The recording will be transcribed so that partici-

pants’ input is captured into text. The recording will be securely

deleted after transcription (within 5 months of the study). The

transcribed text will not contain any personal data so that you

will not be identifiable. My thesis and any possible publications

based on this research, will not include your name or any other

individual information by which you could be identified.

Other data you provide will be securely stored, namely (such as

name, email, etc.), and your experiences and emotions while trav-

elling by train. As you might be identified from your name, e-

mail, etc. all this data constitutes personal data. We will delete

those data shortly after the interview sessions are done and they

will be replaced with an ID to link them with the rest of your data.

(f) What are your rights?

Participation is voluntary. We are only allowed to collect your

data for our study if you consent to this. If you decide not to

participate, you do not have to take any further action. You do

not need to sign anything. Nor are you required to explain why

you do not want to participate. If you decide to participate, you

can always change your mind and stop participating at any time,

including during the study. You will even be able to withdraw
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your consent after you have participated. However, if you choose

to do so, we will not be required to undo the processing of your

data that has taken place up until that time. The personal data we

have obtained from you up until the time when you withdraw

your consent will be erased (where personal data is any data that

can be linked to you, so this excludes any already anonymized

data).

(g) Approval of this study

This study has been allowed to proceed by the Research Institute

of Information and Computing Sciences on the basis of an Ethics

and Privacy Quick Scan. If you have a complaint about the way

this study is carried out, please send an email to: ics-ethics@uu.nl.

If you have any complaints or questions about the processing of

personal data, please send an email to the Faculty of Sciences Pri-

vacy Officer: privacy-beta@uu.nl. The Privacy Officer will also

be able to assist you in exercising the rights you have under the

GDPR. For details of our legal basis for using personal data and

the rights you have over your data please see the University’s

privacy information at www.uu.nl/en/organisation/privacy.

(h) More information about this study?

If you have any questions or concerns about this research, please

contact Ioanna Vounzoulaki at i.vounzoulaki@students.uu.nl.

A.2 Consent Form - Interviews

(a) I confirm that I am 18 years of age or over.

(b) I confirm that the research project “I Want To Break Free: Em-

powering Temporary Mobility-Impaired Travelers with a Digi-

tal Travel Assistant for Accessible Dutch Railways” has been ex-

plained to me. I have had the opportunity to ask questions about

the project and have had these answered satisfactorily. I had

enough time to consider whether to participate.
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(c) I consent to the material I contribute being used to generate in-

sights for the research project “I Want To Break Free: Empower-

ing Temporary Mobility-Impaired Travelers with a Digital Travel

Assistant for Accessible Dutch Railways”.

(d) I consent to audio recordings being used in this study as explained

in the information sheet. I understand that I can request to stop

recordings at any time.

(e) I understand that if I give permission, the audio recordings will

be held confidentially so that only Ioanna Vounzoulaki has ac-

cess to the recording. The recordings will be secured for up to 5

months after which period they will be destroyed. In accordance

with the General Data Protection Regulation (GDPR) I can have

access to my recordings and can request them to be deleted at any

time during this period.

(f) I understand that in addition to the recordings, other personal

data will be collected from me and that this information will be

held confidentially so that only Ioanna Vounzoulaki has access to

this data and is able to trace the information back to me person-

ally. The information will be secured in the researcher’s secure

personal University drive for up to 5 months after which period

it will be deleted. In accordance with the General Data Protection

Regulation (GDPR) I can have access to my information and can

request my data to be deleted at any time during this period.

(g) I understand that my participation in this research is voluntary

and that I may withdraw from the study at any time without pro-

viding a reason, and that if I withdraw any personal data already

collected from me will be erased.

(h) I consent to allow the fully anonymized data to be used in fu-

ture publications and other scholarly means of disseminating the

findings from the research project.

(i) I understand that the data acquired will be securely stored by re-
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searchers, but that appropriately anonymized data may in future

be made available to others for research purposes. I understand

that the University may publish appropriately anonymized data

in appropriate data repositories for verification purposes and to

make it accessible to researchers and other research users.

(j) I understand that I can request any personal data collected from

me to be deleted.

A.3 Interview Questions

• General Questions:

– What is your age?

– How often do you travel by train here in the Netherlands?

– What is your overall experience with train traveling in the

Netherlands?

• Context about the Injury & Train Traveling:

– What kind of injury did you have?

– How long were you affected by it?

– During your injury, how frequently did you find yourself

traveling by train?

– Why were you mostly traveling?

– How much did the injury affect your experience with train

travel?

• Barriers, Challenges Faced:

– What were the most frequent challenges/barriers you were

facing while traveling?

– Why were those challenging for you?

– Do you remember a specific time you traveled and faced spe-

cific obstacles? Can you share a story you remember?
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– How do you think these barriers could be mitigated?

• Feeling of Independence & Travel Experience:

– Were you able to navigate these situations independently, or

did you seek assistance?

– Did you think of asking for assistance? If yes, why didn’t you

ask for it? (if answer in question - was independently)

– What strategies did you employ to overcome the challenges?

(if answer in question - was independently)

– What kind of assistance? Did it help you cope with the issue

you had? (if answer in question - was with assistance)

– Were there specific moments that made you feel more confi-

dent or supported while traveling? Please describe them.

– In what ways did the accessibility (or lack of accessibility)

impact your feeling of independence during your travels?

– Were there any specific services or accommodations that im-

proved your travel experience? How could these be enhanced?

– Do you think train traveling is accessible enough for mobility

impaired people? Why?

• Future Planning, Feedback and Suggestions:

– Imagine you are planning another journey with the train un-

der similar circumstances. What would be your main con-

cerns, and how would you prepare?

– Is there anything else about your experiences or feelings while

traveling with the train that you would like to share?

– I am planning to come up with a digital travel assistant that

will help people with temporary mobility impairments to nav-

igate and travel by train in the Netherlands. What kind of

features can you think that would be helpful or you wish it

would have?
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– Do you have any final thoughts or suggestions on how the

travel experience for individuals with temporary mobility im-

pairments could be enhanced?

A.4 Vignette Study - Information Sheet

You are invited to participate in a scientific research study designed

to improve our understanding and empower individuals travelling

by train in the Netherlands, particularly those with temporary mo-

bility impairments. This research is about making Railway travel in

the Netherlands easier and more accessible for people who have tem-

porary difficulties moving around, like those recovering from surgery

or injuries.

In this study, you will be presented with two scenarios depicting situ-

ations faced by a person with a mobility impairment while preparing

himself to use public transportation for his journey. You will be pre-

sented with screens from a travel application planner, and we ask you

to imagine using this app for your journey. We ask you to immerse

yourself in the scenario and respond as if you are the person experi-

encing it.

The study should take you approximately 15 minutes to complete.

Participation in this study is entirely voluntary. We can only collect

your data for our study if you consent to this. If you decide to partic-

ipate, you may withdraw anytime, including during the study. How-

ever, if you decide to withdraw, we will not be required to undo the

processing of your data that has taken place up until that time. The

personal data we have obtained from you up until the time when you

withdraw your consent will be erased (where personal data is any data

that can be linked to you, so this excludes any already anonymized

data). Your aggregated anonymized data will be used in future publi-

cations and other scholarly means of disseminating the findings from

the research project, including data repositories to make it accessi-
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ble to researchers. Any publications based on this research, and the

data repository will not include your name or any other individual

information by which you could be identified. In accordance with the

Utrecht University policy, anonymized research data are to be retained

for a minimum of ten years.

This study has been allowed to proceed by the Research Institute of

Information and Computing Sciences on the basis of an Ethics and Pri-

vacy Quick Scan. If you have a complaint about the way this study is

carried out, please send an email to: ics-ethics@uu.nl. If you have any

complaints or questions about the processing of personal data, please

send an email to the Faculty of Sciences Privacy Officer: privacy-beta@

uu.nl. The Privacy Officer will also be able to assist you in exercising

the rights you have under the GDPR. For details of our legal basis for

using personal data and the rights you have over your data please see

the University’s privacy information at www.uu.nl/en/organisation/

privacy.

This study is conducted by Ioanna Vounzoulaki as part of her mas-

ter’s thesis in Human Computer Interaction under the supervision of

J.F.M. Masthoff and M.T.R. Vredenborg. If you have any questions

or concerns about this research, please contact Ioanna Vounzoulaki at

i.vounzoulaki@students.uu.nl

A.5 Vignette Study - Consent Form

(a) I confirm that I am 18 years of age or over.

(b) I confirm that the research project “I Want To Break Free: Em-

powering Temporary Mobility-Impaired Travelers with a Digi-

tal Travel Assistant for Accessible Dutch Railways” has been ex-

plained to me.

(c) I had enough time to consider whether to participate.

(d) I consent to the material I contribute being used to generate in-

sights for the research project “I Want To Break Free: Empower-
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ing Temporary Mobility-Impaired Travelers with a Digital Travel

Assistant for Accessible Dutch Railways”.

A.6 Vignette Study - Scenario

Alex, recently broke his leg and has to move on a wheelchair. He is

planning a trip from Utrecht Centraal to Breda for a meeting. To make

sure the journey goes smoothly, Alex uses the app on his phone to

prepare in advance. Opening the app, Alex goes to the ’Plan Journey’

section and enters Utrecht Centraal as the start station, Breda as the

destination and 19:00 as departure time. Based on the information

provided on the app, his train is going to be quiet/busy, however there

is a delay/no delay on his journey.

(a) SC1: Train is busy / No delay

(b) SC2: Train not busy / No delay

(c) SC3: Train is busy / Delay

(d) SC4: Train not busy / Delay

Please check the following screens as you would normally do if you

were actually preparing for this journey as a wheelchair user. For now,

we would like you to imagine that you are Alex. Please respond to the

statements below from Alex’s perspective.

(a) I confirm that I am 18 years of age or over.

(b) I confirm that the research project “I Want To Break Free: Em-

powering Temporary Mobility-Impaired Travelers with a Digi-

tal Travel Assistant for Accessible Dutch Railways” has been ex-

plained to me.

(c) I had enough time to consider whether to participate.

(d) I consent to the material I contribute being used to generate in-

sights for the research project “I Want To Break Free: Empower-

ing Temporary Mobility-Impaired Travelers with a Digital Travel

Assistant for Accessible Dutch Railways”.
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A.7 Vignette Study - Questions

A.7 Vignette Study - Questions

A.7.1 Perceived Accessibility Scale - Questions

• Considering how I travel today, it’s easy to do (daily) activities.

• Considering how I travel today, I’m able to live my life as I want to.

• Considering how I travel today, I’m able to do all the activities I like to

do.

• Considering how I travel today, access to all the things I want to do is

very good.

A.7.2 Travel Autonomy Scale - Questions

• To what degree do you have the capability to travel as you wish?

• To what degree do you have the prerequisite to travel independently

without help from others?

• To what degree do you have the freedom to travel as you wish?

• To what degree do you have the possibility to travel as you wish?

A.7.3 Travel Satisfaction Scale - Questions

• To what extent did you feel enthusiastic/bored, using the planner?

• To what extent did you feel engaged/fed up, using the planner?

• To what extent did you feel alert/tired, using the planner?

• To what extent did you feel calm/stressed, using the planner?

• To what extent did you feel confident/worried, using the planner?

• To what extent did you feel relaxed/hurried, using the planner?

• To what extent was the preparation of your journey the best/worst you

can think of?

• To what extent was the preparation of your journey of high/low stan-

dard?
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• To what extent did the preparation of your journey work out well/not

well?

A.7.4 Information Overload Scale - Questions

• I carefully read every piece of information about the preparation of my

journey provided on the screens of the planner.

• There was too much information about the preparation of my journey

on the screens of the planner so that I was burdened in handling it.

• I could effectively handle all of the information on the screens of the

planner.

• Because of the plenty information for the preparation of my journey on

the screens of the planner, I felt difficult in acquiring all of this informa-

tion.

• I found that only a small part of information for the preparation of my

journey on the screens of the planner was relevant to my need.

• I was certain that the journey information on the screens of the planner,

fitted to my need for planning it.

• I had no idea about where to find the information I needed on the screens

of the planner.
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B. Appendix Screens of the Design Pro-

cess

Figure B.1: Main Screen
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Figure B.2: Possible journeys
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Figure B.3: Journey with the NS
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Appendix Screens of the Design Process

Figure B.4: Font colour choice 1
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Figure B.5: Font colour choice 2
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Appendix Screens of the Design Process

Figure B.6: Option 1 for the elevator icon

Figure B.7: Option 2 for the elevator icon

Figure B.8: Option 3 for the elevator icon
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Figure B.9: Screen of the possible journeys
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Appendix Screens of the Design Process

Figure B.10: Screen of the journey with the RE Planner
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Response	Summary:

Section	1.	Research	projects	involving	human	participants
	
P1.	Does	your	project	involve	human	participants?	This	includes	for	example	use	of	observation,	(online)
surveys,	interviews,	tests,	focus	groups,	and	workshops	where	human	participants	provide	information	or
data	to	inform	the	research.	If	you	are	only	using	existing	data	sets	or	publicly	available	data	(e.g.	from
Twitter,	Reddit)	without	directly	recruiting	participants,	please	answer	no.	

Yes

	

Recruitment

	
P2.	Does	your	project	involve	participants	younger	than	18	years	of	age?

No

	
P3.	Does	your	project	involve	participants	with	learning	or	communication	difficulties	of	a	severity	that	may
impact	their	ability	to	provide	informed	consent?

No

	
P4.	Is	your	project	likely	to	involve	participants	engaging	in	illegal	activities?

No

	
P5.	Does	your	project	involve	patients?

No

	
P6.	Does	your	project	involve	participants	belonging	to	a	vulnerable	group,	other	than	those	listed	above?

No

	
P8.	Does	your	project	involve	participants	with	whom	you	have,	or	are	likely	to	have,	a	working	or
professional	relationship:	for	instance,	staff	or	students	of	the	university,	professional	colleagues,	or
clients?

No

	

Informed	consent

	
PC1.	Do	you	have	set	procedures	that	you	will	use	for	obtaining	informed	consent	from	all	participants,
including	(where	appropriate)	parental	consent	for	children	or	consent	from	legally	authorized
representatives?	(See	suggestions	for	information	sheets	and	consent	forms	on	the	website.)

Yes

	
PC2.	Will	you	tell	participants	that	their	participation	is	voluntary?

Yes

	
PC3.	Will	you	obtain	explicit	consent	for	participation?

Yes

	
PC4.	Will	you	obtain	explicit	consent	for	any	sensor	readings,	eye	tracking,	photos,	audio,	and/or	video
recordings?	

Yes

	
PC5.	Will	you	tell	participants	that	they	may	withdraw	from	the	research	at	any	time	and	for	any	reason?

Yes

C. Appendix Ethics Scan
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PC6.	Will	you	give	potential	participants	time	to	consider	participation?

Yes

	
PC7.	Will	you	provide	participants	with	an	opportunity	to	ask	questions	about	the	research	before
consenting	to	take	part	(e.g.	by	providing	your	contact	details)?

Yes

	
PC8.	Does	your	project	involve	concealment	or	deliberate	misleading	of	participants?

No

	

Section	2.	Data	protection,	handling,	and	storage
The	General	Data	Protection	Regulation	imposes	several	obligations	for	the	use	of	personal	data	(defined	as	any
information	relating	to	an	identified	or	identifiable	living	person)	or	including	the	use	of	personal	data	in	research.

	
D1.	Are	you	gathering	or	using	personal	data	(defined	as	any	information	relating	to	an	identified	or
identifiable	living	person	)?

Yes

	

High-risk	data

	
DR1.	Will	you	process	personal	data	that	would	jeopardize	the	physical	health	or	safety	of	individuals	in	the
event	of	a	personal	data	breach?

No

	
DR2.	Will	you	combine,	compare,	or	match	personal	data	obtained	from	multiple	sources,	in	a	way	that
exceeds	the	reasonable	expectations	of	the	people	whose	data	it	is?

No

	
DR3.	Will	you	use	any	personal	data	of	children	or	vulnerable	individuals	for	marketing,	profiling,	automated
decision-making,	or	to	offer	online	services	to	them?

No

	
DR4.	Will	you	profile	individuals	on	a	large	scale?

No

	
DR5.	Will	you	systematically	monitor	individuals	in	a	publicly	accessible	area	on	a	large	scale	(or	use	the
data	of	such	monitoring)?

No

	
DR6.	Will	you	use	special	category	personal	data,	criminal	offense	personal	data,	or	other	sensitive	personal
data	on	a	large	scale?

No

	
DR7.	Will	you	determine	an	individual’s	access	to	a	product,	service,	opportunity,	or	benefit	based	on	an
automated	decision	or	special	category	personal	data?

No

	
DR8.	Will	you	systematically	and	extensively	monitor	or	profile	individuals,	with	significant	effects	on	them?

No

	
DR9.	Will	you	use	innovative	technology	to	process	sensitive	personal	data?

No
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Data	minimization

	
DM1.	Will	you	collect	only	personal	data	that	is	strictly	necessary	for	the	research?

Yes

	
DM4.	Will	you	anonymize	the	data	wherever	possible?

Yes

	
DM5.	Will	you	pseudonymize	the	data	if	you	are	not	able	to	anonymize	it,	replacing	personal	details	with	an
identifier,	and	keeping	the	key	separate	from	the	data	set?

Yes

	

Using	collaborators	or	contractors	that	process	personal	data	securely

	
DC1.	Will	any	organization	external	to	Utrecht	University	be	involved	in	processing	personal	data	(e.g.	for
transcription,	data	analysis,	data	storage)?

No

	

International	personal	data	transfers
	
DI1.	Will	any	personal	data	be	transferred	to	another	country	(including	to	research	collaborators	in	a	joint
project)?

No

	

Fair	use	of	personal	data	to	recruit	participants

	
DF1.	Is	personal	data	used	to	recruit	participants?

No

	

Participants'	data	rights	and	privacy	information
	
DP1.	Will	participants	be	provided	with	privacy	information?	(Recommended	is	to	use	as	part	of	the
information	sheet:	For	details	of	our	legal	basis	for	using	personal	data	and	the	rights	you	have	over	your
data	please	see	the	University’s	privacy	information	at	www.uu.nl/en/organisation/privacy.)

Yes

	
DP2.	Will	participants	be	aware	of	what	their	data	is	used	for?

Yes

	
DP3.	Can	participants	request	that	their	personal	data	be	deleted?

Yes

	
DP4.	Can	participants	request	that	their	personal	data	be	rectified	(in	case	it	is	incorrect)?

Yes

	
DP5.	Can	participants	request	access	to	their	personal	data?

Yes

	
DP6.	Can	participants	request	that	personal	data	processing	is	restricted?

Yes
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DP7.	Will	participants	be	subjected	to	automated	decision-making	based	on	their	personal	data	with	an
impact	on	them	beyond	the	research	study	to	which	they	consented?

No

	
DP8.	Will	participants	be	aware	of	how	long	their	data	is	being	kept	for,	who	it	is	being	shared	with,	and	any
safeguards	that	apply	in	case	of	international	sharing?

Yes

	
DP9.	If	data	is	provided	by	a	third	party,	are	people	whose	data	is	in	the	data	set	provided	with	(1)	the	privacy
information	and	(2)	what	categories	of	data	you	will	use?

Yes

	

Using	data	that	you	have	not	gathered	directly	from	participants
	
DE1.	Will	you	use	any	personal	data	that	you	have	not	gathered	directly	from	participants	(such	as	data	from
an	existing	data	set,	data	gathered	for	you	by	a	third	party,	data	scraped	from	the	internet)?	

No

	

Secure	data	storage

	
DS1.	Will	any	data	be	stored	(temporarily	or	permanently)	anywhere	other	than	on	password-protected
University	authorized	computers	or	servers?

No

	
DS4.	Excluding	(1)	any	international	data	transfers	mentioned	above	and	(2)	any	sharing	of	data	with
collaborators	and	contractors,	will	any	personal	data	be	stored,	collected,	or	accessed	from	outside	the	EU?

No

	
Section	3.	Research	that	may	cause	harm
Research	may	cause	harm	to	participants,	researchers,	the	university,	or	society.	This	includes	when	technology	has
dual-use,	and	you	investigate	an	innocent	use,	but	your	results	could	be	used	by	others	in	a	harmful	way.	If	you	are
unsure	regarding	possible	harm	to	the	university	or	society,	please	discuss	your	concerns	with	the	Research	Support
Office.	

	
H1.	Does	your	project	give	rise	to	a	realistic	risk	to	the	national	security	of	any	country?

No

	
H2.	Does	your	project	give	rise	to	a	realistic	risk	of	aiding	human	rights	abuses	in	any	country?

No

	
H3.	Does	your	project	(and	its	data)	give	rise	to	a	realistic	risk	of	damaging	the	University’s	reputation?	(E.g.,
bad	press	coverage,	public	protest.)

No

	
H4.	Does	your	project	(and	in	particular	its	data)	give	rise	to	an	increased	risk	of	attack	(cyber-	or	otherwise)
against	the	University?	(E.g.,	from	pressure	groups.)

No

	
H5.	Is	the	data	likely	to	contain	material	that	is	indecent,	offensive,	defamatory,	threatening,	discriminatory,
or	extremist?

No
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H6.	Does	your	project	give	rise	to	a	realistic	risk	of	harm	to	the	researchers?
No

	
H7.	Is	there	a	realistic	risk	of	any	participant	experiencing	physical	or	psychological	harm	or	discomfort?

No

	
H8.	Is	there	a	realistic	risk	of	any	participant	experiencing	a	detriment	to	their	interests	as	a	result	of
participation?

No

	
H9.	Is	there	a	realistic	risk	of	other	types	of	negative	externalities?

No

	

Section	4.	Conflicts	of	interest
	
C1.	Is	there	any	potential	conflict	of	interest	(e.g.	between	research	funder	and	researchers	or	participants
and	researchers)	that	may	potentially	affect	the	research	outcome	or	the	dissemination	of	research
findings?

No

	
C2.	Is	there	a	direct	hierarchical	relationship	between	researchers	and	participants?

No

	
Section	5.	Your	information.
This	last	section	collects	data	about	you	and	your	project	so	that	we	can	register	that	you	completed	the	Ethics	and
Privacy	Quick	Scan,	sent	you	(and	your	supervisor/course	coordinator)	a	summary	of	what	you	filled	out,	and	follow	up
where	a	fuller	ethics	review	and/or	privacy	assessment	is	needed.	For	details	of	our	legal	basis	for	using	personal	data
and	the	rights	you	have	over	your	data	please	see	the	University’s	privacy	information.	Please	see	the	guidance	on	the
ICS	Ethics	and	Privacy	website	on	what	happens	on	submission.	

	
Z0.	Which	is	your	main	department?

Information	and	Computing	Science

	
Z1.	Your	full	name:

Ioanna	Vounzoulaki

	
Z2.	Your	email	address:

i.vounzoulaki@students.uu.nl

	
Z3.	In	what	context	will	you	conduct	this	research?

As	a	student	for	my	master	thesis,	supervised	by::
(Judith)	Masthoff,	(Marloes)	Vredenborg

	
Z5.	Master	programme	for	which	you	are	doing	the	thesis

Human-Computer	Interaction

	
Z6.	Email	of	the	course	coordinator	or	supervisor	(so	that	we	can	inform	them	that	you	filled	this	out	and
provide	them	with	a	summary):

m.t.r.vredenborg@uu.nl

	
Z7.	Email	of	the	moderator	(as	provided	by	the	coordinator	of	your	thesis	project):

graduation.hci@uu.nl
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Z8.	Title	of	the	research	project/study	for	which	you	filled	out	this	Quick	Scan:
I	Want	To	Break	Free:	Empowering	Temporary	Mobility-Impaired	Travelers	with	a	Digital	Travel	Assistant	for
Accessible	Dutch	Railways

	
Z9.	Summary	of	what	you	intend	to	investigate	and	how	you	will	investigate	this	(200	words	max):

This	study	aims	to	enhance	accessibility	and	independence	within	the	Dutch	railway	system	for	individuals	with
temporary	mobility	impairments	by	designing	a	digital	travel	assistant	tailored	to	their	unique	needs.	Recognizing	that
existing	facilities	don't	fully	support	independent	travel	or	adapt	to	sudden	challenges,	this	research	focuses	on
understanding	the	specific	barriers,	challenges,	and	needs	of	this	demographic.	Through	qualitative	methods	such	as
interviews	and	focus	groups,	and	with	the	development	and	testing	of	a	digital	assistant,	this	project	seeks	to	offer	real-
time	information,	guidance,	and	support,	thereby	significantly	improving	the	travel	experience	for	temporarily	mobility-
impaired	passengers.

	
Z10.	In	case	you	encountered	warnings	in	the	survey,	does	supervisor	already	have	ethical	approval	for	a
research	line	that	fully	covers	your	project?

Not	applicable

	

Scoring
Privacy:	0
Ethics:	0

104



Bibliography

[1] P Abellard, I Randria, A Abellard, et al. Electric wheelchair
navigation simulators: why, when, how? Mechatronic systems ap-
plications. 2010.

[2] Herman Aguinis and Kyle J Bradley. “Best practice recom-
mendations for designing and implementing experimental
vignette methodology studies”. In: Organizational research meth-
ods 17.4 (2014), pp. 351–371.

[3] Eleni Apostolidou and Paris A. Fokaides. “Enhancing Acces-
sibility: A Comprehensive Study of Current Apps for En-
abling Accessibility of Disabled Individuals in Buildings”.
In: Buildings 13.8 (2023), p. 2085. DOI: 10.3390/buildings130
82085. URL: https://doi.org/10.3390/buildings13082085.

[4] Arriva. Accessibility Information. https://www.arriva.nl.
Accessed: 2024-06-19.

[5] Christiane Atzmüller and Peter M Steiner. “Experimental vi-
gnette studies in survey research”. In: Methodology (2010).

[6] Sean J Barbeau et al. “Travel assistance device: utilising global
positioning system-enabled mobile phones to aid transit rid-
ers with special needs”. In: IET intelligent transport systems 4.1
(2010), pp. 12–23.

[7] M.E. Ben-Akiva and S.R. Lerman. “Disaggregate Travel and
Mobility-Choice Models and Measures of Accessibility”. In:
Behavioural Travel Modelling. Ed. by D. A. Hensher and P. R.
Stopher. London, 1979, pp. 654–79.

[8] J. L. Bezyak, S. A. Sabella, and R. H. Gattis. “Public Trans-
portation: An Investigation of Barriers for People With Dis-
abilities”. In: Journal of Disability Policy Studies 28.1 (2017),
pp. 52–60. DOI: 10.1177/1044207317702070.

[9] Athanasios Bousios, Damianos Gavalas, and Lambros Lam-
brinos. “CityCare: Crowdsourcing Daily Life Issue Reports
in Smart Cities”. In: 2017 Global Internet of Things Summit
(GIoTS). IEEE. 2017, pp. 1–6.

[10] Breng. Accessibility Information. https://www.breng.nl. Ac-
cessed: 2024-06-19.

105

https://doi.org/10.3390/buildings13082085
https://doi.org/10.3390/buildings13082085
https://doi.org/10.3390/buildings13082085
https://www.arriva.nl
https://doi.org/10.1177/1044207317702070
https://www.breng.nl


Bibliography

[11] Martijn Brons, Moshe Givoni, and Piet Rietveld. “Access to
railway stations and its potential in increasing rail use”. In:
Transportation Research Part A: Policy and Practice 43.2 (2009),
pp. 136–149.

[12] Stephen Brumbaugh. “Travel patterns of American adults
with disabilities”. In: Bureau Of Transportation Statistics, Wash-
ington DC, WA, USA, US Department of Transportation (2018).

[13] Fiona C Bull et al. “World Health Organization 2020 guide-
lines on physical activity and sedentary behaviour”. In: British
journal of sports medicine 54.24 (2020), pp. 1451–1462.

[14] L. D. Burns. Transportation, Temporal, and Spatial Components
of Accessibility. Lexington, MA: Lexington Books, 1979.

[15] Stefan Carmien et al. “Socio-technical environments support-
ing people with cognitive disabilities using public transporta-
tion”. In: ACM Transactions on Computer-Human Interaction
(TOCHI) 12.2 (2005), pp. 233–262.

[16] Armando Carteni et al. “Public transport quality and travel
experience: the Italian case study”. In: 6TH EURASIAN MUL-
TIDISCIPLINARY FORUM, EMF 2017. 2017.

[17] CBS. Hoeveel wordt er met het openbaar vervoer gereisd? Ac-
cessed: 2024-06-20. 2024. URL: https://www.cbs.nl/nl-nl/
visualisaties/verkeer-en-vervoer/personen/openbaar-
vervoer.

[18] Yu-Chen Chen, Rong-An Shang, and Chen-Yu Kao. “The ef-
fects of information overload on consumers’ subjective state
towards buying decision in the internet shopping environ-
ment”. In: Electronic Commerce Research and Applications 8.1
(2009), pp. 48–58.

[19] Jayne Clapton and Elizabeth Kendall. “Autonomy and par-
ticipation in rehabilitation: Time for a new paradigm?” In:
Disability and rehabilitation 24.18 (2002), pp. 987–991.

[20] Tabitha S Combs et al. “Understanding the multiple dimen-
sions of transportation disadvantage: The case of rural North
Carolina”. In: Case studies on transport policy 4.2 (2016), pp. 68–
77.

[21] Chris Creegan et al. Travel behaviour, experiences and aspira-
tions of disabled people. https://www.academia.edu. Commis-
sioned by the Department for Transport. 2008.

[22] M. Q. Dalvi and K. M. Martin. “The measurement of accessi-
bility: some preliminary results”. In: Transportation 5.1 (1976),
pp. 17–42.

106

https://www.cbs.nl/nl-nl/visualisaties/verkeer-en-vervoer/personen/openbaar-vervoer
https://www.cbs.nl/nl-nl/visualisaties/verkeer-en-vervoer/personen/openbaar-vervoer
https://www.cbs.nl/nl-nl/visualisaties/verkeer-en-vervoer/personen/openbaar-vervoer
https://www.academia.edu


Bibliography

[23] Edward L Deci and Richard M Ryan. “Self-determination
theory”. In: Handbook of theories of social psychology 1.20 (2012),
pp. 416–436.

[24] A. Delbosc and D. Vella-Brodrick. “The role of transport in
supporting the autonomy of young adults”. In: Transportation
Research Part F: Psychology and Behaviour 32 (2015), pp. 24–37.
DOI: 10.1016/j.trf.2015.03.011.

[25] Luigi Dell’Olio, Angel Ibeas, and Patricia Cecin. “The quality
of service desired by public transport users”. In: Transport
Policy 18.1 (2011), pp. 217–227.

[26] Brad E Dicianno et al. “The future of the provision process
for mobility assistive technology: a survey of providers”. In:
Disability and Rehabilitation: Assistive Technology 14.4 (2019),
pp. 338–345.

[27] Laura Eboli and Gabriella Mazzulla. “A new customer satis-
faction index for evaluating transit service quality”. In: Jour-
nal of Public transportation 12.3 (2009), pp. 21–37.

[28] Alireza Ermagun et al. “A joint model for trip purpose and
escorting patterns of the disabled”. In: Travel Behaviour and
Society 3 (2016), pp. 51–58.

[29] European Commission. Convenient Access to Public Transport
[Internet]. https://ec.europa.eu/futurium/en/system/
files/ged/convenient- access- to- public- transport.
pdf. [Accessed on 06.03.2024]. European Union, 2021.

[30] A. F. Ferreira, A. D. Leite, L. F. P. Neves, et al. “Wheelchair ac-
cessibility of urban rail systems: Some preliminary findings
of a global overview”. In: Iatss Research (2021). DOI: 10.1016/
J.IATSSR.2021.01.003.

[31] Figma. Figma. https://www.figma.com. Accessed: 2024-06-
19.

[32] M. Friman and L. E. Olsson. “Are we leaving some people
behind? Travel autonomy, perceived accessibility, and well-
being among people experiencing mental and physical diffi-
culties”. In: Transportation Research Part F: Psychology and Be-
haviour 98 (2023), pp. 243–253. DOI: 10.1016/j.trf.2023.
08.009.

[33] Karst T. Geurs and Bert Van Wee. “Accessibility evaluation of
land-use and transport strategies: review and research direc-
tions”. In: Journal of Transport Geography 12.2 (2004), pp. 127–
140. DOI: 10.1016/j.jtrangeo.2003.10.005.

[34] Ini Grewal et al. ’Disabled for Life?’: Attitudes Towards, and Ex-
periences Of, Disability in Britain. Vol. 173. Corporate Docu-
ment Services Leeds, UK, 2002.

107

https://doi.org/10.1016/j.trf.2015.03.011
https://ec.europa.eu/futurium/en/system/files/ged/convenient-access-to-public-transport.pdf
https://ec.europa.eu/futurium/en/system/files/ged/convenient-access-to-public-transport.pdf
https://ec.europa.eu/futurium/en/system/files/ged/convenient-access-to-public-transport.pdf
https://doi.org/10.1016/J.IATSSR.2021.01.003
https://doi.org/10.1016/J.IATSSR.2021.01.003
https://www.figma.com
https://doi.org/10.1016/j.trf.2023.08.009
https://doi.org/10.1016/j.trf.2023.08.009
https://doi.org/10.1016/j.jtrangeo.2003.10.005


Bibliography

[35] Begoña Guirao, Antonio García-Pastor, and María Eugenia
López-Lambas. “The importance of service quality attributes
in public transportation: Narrowing the gap between scien-
tific research and practitioners’ needs”. In: Transport Policy 49
(2016), pp. 68–77.

[36] Bettina HARRIEHAUSEN-MÜHLBAUER. “WheelScout-Mobile
Outdoor and Indoor Navigation via Voice Control for limited
mobility users”. In: ().

[37] Shawn Lawton Henry, Shadi Abou-Zahra, and Judy Brewer.
“The role of accessibility in a universal web”. In: Proceedings
of the 11th Web for all Conference. 2014, pp. 1–4.

[38] Intelligent Transportation Systems - Knowledge Resources. Ac-
cessed: 2024-02-27. 2017. URL: https://www.itskrs.its.
dot.gov/.

[39] Xiufang Jiang et al. “How tourists’ perception affects travel
intention: Mechanism pathways and boundary conditions”.
In: Frontiers in psychology 13 (2022), p. 821364.

[40] Keolis. Accessibility Information. https://www.keolis.nl.
Accessed: 2024-06-19.

[41] Eleanor Knott et al. “Interviews in the social sciences”. In:
Nature Reviews Methods Primers 2.1 (2022), p. 73.

[42] M.-P. Kwan. “Space-Time and Integral Measures of Individ-
ual Accessibility: A Comparative Analysis Using a Point-based
Framework”. In: Geographical Analysis 30.3 (1998), pp. 191–
216. DOI: 10.1111/j.1538-4632.1998.tb00396.x.

[43] K. Lättman, M. Friman, and L. E. Olsson. “Perceived Acces-
sibility of Public Transport as a Potential Indicator of Social
Inclusion”. In: Social Inclusion 4.3 (2016), pp. 36–45. DOI: 10.
17645/si.v4i3.481.

[44] Katrin Lättman, Margareta Friman, and Lars E Olsson. “Per-
ceived accessibility of public transport as a potential indica-
tor of social inclusion”. In: Social inclusion 4.3 (2016), pp. 36–
45.

[45] Katrin Lättman, Lars E Olsson, and Margareta Friman. “A
new approach to accessibility–Examining perceived acces-
sibility in contrast to objectively measured accessibility in
daily travel”. In: Research in Transportation Economics 69 (2018),
pp. 501–511.

[46] Katrin Lättman et al. “Perceived accessibility, satisfaction with
daily travel, and life satisfaction among the elderly”. In: In-
ternational journal of environmental research and public health
16.22 (2019), p. 4498.

108

https://www.itskrs.its.dot.gov/
https://www.itskrs.its.dot.gov/
https://www.keolis.nl
https://doi.org/10.1111/j.1538-4632.1998.tb00396.x
https://doi.org/10.17645/si.v4i3.481
https://doi.org/10.17645/si.v4i3.481


Bibliography

[47] Janet Leece and Sheila Peace. “Developing new understand-
ings of independence and autonomy in the personalised rela-
tionship”. In: British Journal of Social Work 40.6 (2010), pp. 1847–
1865.

[48] Karen Lucas. “Transport and social exclusion: Where are we
now?” In: Transport policy 20 (2012), pp. 105–113.

[49] Anastasia Vladimirovna Lukina et al. “Study of perceived ac-
cessibility in daily travel within the metropolis”. In: Emerging
Science Journal 5.6 (2021), pp. 868–883.

[50] Roger L Mackett and Roselle Thoreau. “Transport, social ex-
clusion and health”. In: Journal of Transport & Health 2.4 (2015),
pp. 610–617.

[51] Google Maps. Introducing Wheelchair Accessible Routes in Tran-
sit Navigation. Accessed: 2024-07-03. 2018. URL: https : / /
blog.google/products/maps/introducing- wheelchair-
accessible-routes-transit-navigation/.

[52] Luis Márquez, Juan C Poveda, and Luis A Vega. “Factors
affecting personal autonomy and perceived accessibility of
people with mobility impairments in an urban transporta-
tion choice context”. In: Journal of Transport & Health 14 (2019),
p. 100583.

[53] B Matthews, D Hibberd, and K Speakman. “The impact of
street accessibility on travel and independence for disabled
people”. In: (2015).

[54] B. Matthews, D. Hibberd, and K. Speakman. “The impact
of street accessibility on travel and independence for dis-
abled people”. In: Proceedings of the 14th International Confer-
ence on Mobility and Transport for Elderly and Disabled Persons
(TRANSED). Lisbon, Portugal, 2015.

[55] Christian Menkens et al. “EasyWheel - A Mobile Social Nav-
igation and Support System for Wheelchair Users”. In: 2011
Eighth International Conference on Information Technology: New
Generations. IEEE. 2011, pp. 859–866.

[56] Metro Handicap Wayfinding Solution. Evelity. https://lp.
evelity.com/en/metro-handicap-wayfinding-solution.
(Visited on 02/27/2024).

[57] Microsoft. Microsoft Teams. https://www.microsoft.com/
en-us/microsoft-teams/group-chat-software. Accessed:
2024-06-19.

[58] Miro. Miro. https://miro.com. Accessed: 2024-06-19.

[59] Jenny Morris. “Independent living and community care: a
disempowering framework”. In: Disability & Society 19.5 (2004),
pp. 427–442.

109

https://blog.google/products/maps/introducing-wheelchair-accessible-routes-transit-navigation/
https://blog.google/products/maps/introducing-wheelchair-accessible-routes-transit-navigation/
https://blog.google/products/maps/introducing-wheelchair-accessible-routes-transit-navigation/
https://lp.evelity.com/en/metro-handicap-wayfinding-solution
https://lp.evelity.com/en/metro-handicap-wayfinding-solution
https://www.microsoft.com/en-us/microsoft-teams/group-chat-software
https://www.microsoft.com/en-us/microsoft-teams/group-chat-software
https://miro.com


Bibliography

[60] Quentin Mourcou et al. “Wegoto: A Smartphone-based ap-
proach to assess and improve accessibility for wheelchair users”.
In: 2013 35th Annual International Conference of the IEEE Engi-
neering in Medicine and Biology Society (EMBC). IEEE. 2013,
pp. 1194–1197.

[61] K. Müller et al. “Traveling More Independently: A Study on
the Diverse Needs and Challenges of People with Visual or
Mobility Impairments in Unfamiliar Indoor Environments”.
In: ACM Transactions on Accessible Computing 15.2 (2022). DOI:
10.1145/3514255.

[62] Elmira Naberushkina, Ekaterina Voevodina, and Dmitry Raidugin.
“Transport infrastructure of a «smart city» in the focus of dis-
ability”. In: Transportation Research Procedia 63 (2022), pp. 2378–
2384.

[63] Nederlandse Spoorwegen (NS). Responsibilities in the Railway
Sector. https://www.ns.nl/en/about-ns/railway-sector/
responsibilities.html. Accessed: insert date here.

[64] An Neven and Wim Ectors. ““I am dependent on others to
get there”: Mobility barriers and solutions for societal partic-
ipation by persons with disabilities”. In: Travel behaviour and
society 30 (2023), pp. 302–311.

[65] NS Journey Planner. NS Journey Planner. Accessed: 2023-07-
15. 2023. URL: https://www.ns.nl/en/journeyplanner/#/.

[66] NS Travel Assistance | Travelling with a disability. NS. Retrieved
from https://www.ns.nl/en/travel-information/traveling-with-
a-disability/ns-travel-assistance.html.

[67] Luciene Chagas de Oliveira et al. “Mobile Augmented Re-
ality enhances indoor navigation for wheelchair users”. In:
Research on Biomedical Engineering 32.2 (2016), pp. 111–122.

[68] Mike Oliver. “Disability and dependency: A creation of in-
dustrial societies”. In: Disability and dependency (1989), pp. 6–
22.

[69] Oxford University Press. Oxford Learner’s Dictionaries. Accessed:
2024-06-05. 2024. URL: https://www.oxfordlearnersdictio
naries.com/definition/english.

[70] Yuba Raj Panta et al. “Improving Accessibility for Mobility
Impaired People in Smart City using Crowdsourcing”. In:
2019 Cybersecurity and Cyberforensics Conference (CCC). IEEE.
2019, pp. 47–55.

[71] J. Park and S. Chowdhury. “Investigating the barriers in a
typical journey by public transport users with disabilities”.
In: Journal of Transport & Health (2018). DOI: 10.1016/j.jth.
2018.05.008.

110

https://doi.org/10.1145/3514255
https://www.ns.nl/en/about-ns/railway-sector/responsibilities.html
https://www.ns.nl/en/about-ns/railway-sector/responsibilities.html
https://www.ns.nl/en/journeyplanner/#/
https://www.oxfordlearnersdictionaries.com/definition/english
https://www.oxfordlearnersdictionaries.com/definition/english
https://doi.org/10.1016/j.jth.2018.05.008
https://doi.org/10.1016/j.jth.2018.05.008


Bibliography

[72] Jun Park and Subeh Chowdhury. “Investigating the barriers
in a typical journey by public transport users with disabili-
ties”. In: Journal of transport & health 10 (2018), pp. 361–368.

[73] Keunhyun Park et al. “Impacts of disability on daily travel
behaviour: A systematic review”. In: Transport reviews 43.2
(2023), pp. 178–203.

[74] C. Penfold et al. Travel Behaviour Experiences and Aspirations of
Disabled People. Department for Transport. 2008.

[75] Clarissa Penfold et al. Travel Behaviour Experiences and Aspira-
tions of Disabled People. Tech. rep. Department for Transport,
Oct. 2008. URL: https://webarchive.nationalarchives.
gov.uk/+/http:/www.dft.gov.uk/pgr/scienceresearch/
social/travelbehaviour.

[76] Tatiana Peralta-Quirós. “Mobility for All”. In: (2015).

[77] Felix Johan Pot, Bert van Wee, and Taede Tillema. “Perceived
accessibility: What it is and why it differs from calculated
accessibility measures based on spatial data”. In: Journal of
Transport Geography 94 (2021), p. 103090.

[78] John Preston and Fiona Rajé. “Accessibility, mobility and transport-
related social exclusion”. In: Journal of transport geography 15.3
(2007), pp. 151–160.

[79] M. Pyer and F. Tucker. “With us, we like physically can’t:
Transport, Mobility and the Leisure Experiences of Teenage
Wheelchair Users”. In: Mobilities 12.1 (2017), pp. 36–52. DOI:
10.1080/17450101.2014.970390.

[80] Qbuzz. Accessibility Information. https://www.qbuzz.nl. Ac-
cessed: 2024-06-19.

[81] QSR International. NVivo. https://www.qsrinternational.
com/nvivo-qualitative-data-analysis-software/home.
Accessed: 2024-06-19.

[82] Qualtrics. Qualtrics: Online Survey Software Insight Platform.
Accessed: 2024-06-20. 2024. URL: https://www.qualtrics.
com.

[83] Parvaneh Rabiee. “Exploring the Relationships between Choice
and Independence: Experiences of Disabled and Older Peo-
ple”. In: British Journal of Social Work 43.5 (2013), pp. 872–888.
DOI: 10.1093/bjsw/bcs022. URL: https://academic.oup.
com/bjsw/article/43/5/872/1630017.

[84] James H Rimmer et al. “Physical activity participation among
persons with disabilities: barriers and facilitators”. In: Amer-
ican journal of preventive medicine 26.5 (2004), pp. 419–425.

111

https://webarchive.nationalarchives.gov.uk/+/http:/www.dft.gov.uk/pgr/scienceresearch/social/travelbehaviour
https://webarchive.nationalarchives.gov.uk/+/http:/www.dft.gov.uk/pgr/scienceresearch/social/travelbehaviour
https://webarchive.nationalarchives.gov.uk/+/http:/www.dft.gov.uk/pgr/scienceresearch/social/travelbehaviour
https://doi.org/10.1080/17450101.2014.970390
https://www.qbuzz.nl
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home
https://www.qualtrics.com
https://www.qualtrics.com
https://doi.org/10.1093/bjsw/bcs022
https://academic.oup.com/bjsw/article/43/5/872/1630017
https://academic.oup.com/bjsw/article/43/5/872/1630017


Bibliography

[85] Virginica Rusu et al. “Tourist Experience Challenges: A Holis-
tic Approach”. In: Sustainability 15.17 (2023), p. 12765.

[86] Kamlesh Kumar Sahu and Soma Sahu. “Attitudinal barrier
experienced by people with disabilities”. In: Journal of Dis-
ability Studies 1.2 (2015), pp. 53–54.

[87] M. A. Saif, M. M. Zefreh, and A. Torok. “Public Transport
Accessibility: A Literature Review”. In: Periodica Polytechnica
Transportation Engineering 46.1 (2018), pp. 3–12. DOI: 10.3311
/PPtr.12072.

[88] Muhammad Atiullah Saif, Mohammad Maghrour Zefreh, and
Adam Torok. “Public Transport Accessibility: A Literature
Review”. In: Periodica Polytechnica Transportation Engineering
3 (2018). DOI: 10.3311/PPtr.12072.

[89] Janice Sandjojo et al. “Promoting independence of people
with intellectual disabilities: A focus group study perspec-
tives from people with intellectual disabilities, legal repre-
sentatives, and support staff”. In: Journal of Policy and Practice
in Intellectual Disabilities 16.1 (2019), pp. 37–52.

[90] Jan-Dirk Schmöcker et al. “Mode choice of older and dis-
abled people: a case study of shopping trips in London”. In:
Journal of Transport Geography 16.4 (2008), pp. 257–267.

[91] Tim Schwanen, David Banister, and Ann Bowling. “Indepen-
dence and mobility in later life”. In: Geoforum 43.6 (2012),
pp. 1313–1322.

[92] Anabela Simões. “Mobility-impaired travellers and public trans-
port: a framework to assess quality of service”. In: Theoretical
Issues in Ergonomics Science 14.3 (2013), pp. 247–257.

[93] Vanessa Stjernborg. “Accessibility for all in public transport
and the overlooked (social) dimension—a case study of Stock-
holm”. In: Sustainability 11.18 (2019), p. 4902.

[94] Alexandre Sukhov et al. “Assessing travel satisfaction in pub-
lic transport: A configurational approach”. In: Transportation
Research Part D: Transport and Environment 93 (2021), p. 102732.

[95] Catherine Sundling et al. “Overall accessibility to traveling
by rail for the elderly with and without functional limita-
tions: The whole-trip perspective”. In: International journal of
environmental research and public health 11.12 (2014), pp. 12938–
12968.

[96] Yannis Tyrinopoulos and Constantinos Antoniou. “Public tran-
sit user satisfaction: Variability and policy implications”. In:
Transport Policy 15.4 (2008), pp. 260–272.

112

https://doi.org/10.3311/PPtr.12072
https://doi.org/10.3311/PPtr.12072
https://doi.org/10.3311/PPtr.12072


Bibliography

[97] C. Unsworth et al. “A systematic review of public transport
accessibility for people using mobility devices”. In: Disability
and Rehabilitation 42.16 (2019), pp. 2253–2267. DOI: 10.1080/
09638288.2019.1697382.

[98] Jonas De Vos et al. “Travel and Subjective Well-Being: A Fo-
cus on Findings, Methods and Future Research Needs”. In:
Transport Reviews 33.4 (2013), pp. 421–442. DOI: 10 . 1080 /
01441647.2013.815665. URL: https://doi.org/10.1080/
01441647.2013.815665.

[99] Sarah Wayland et al. “I had every right to be there: discrimi-
natory acts towards young people with disabilities on public
transport”. In: Disability & Society 37.2 (2022), pp. 296–319.

[100] WhatsApp. WhatsApp Channel. https://www.whatsapp.com
/. Accessed: 2024-07-02. 2024.

[101] Mintesnot G Woldeamanuel and Rita Cyganski. “Factors af-
fecting traveller’s satisfaction with accessibility to public trans-
portation”. In: European Transport Conference, Glasgow. 2011.

[102] World Health Organization and World Bank. World report on
disability. World Health Organization, 2011. URL: https://
www.who.int/publications/i/item/9789241564182.
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