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Abstract: (1) Background: Public transport has a vital role to play in creating sustainable, accessible
societies. Accessible and inclusive, door-to-door public transport systems with low barriers to use
benefit everyone, increasing the mobility of citizens and improving independence. As the industry
strives towards multi-modal and Mobility as a Service (MaaS) concepts, there is a need to delve
deep into the needs and perceptions of transport user’s door-to-door journeys to find ways to
improve. Accordingly, in order to increase the sustainability of MaaS, improving accessibility and
understanding service user perceptions are of utmost importance. However, there is a scarcity of
research within national transport services to determine unmet user needs to increase the accessibility
and autonomy of door-to-door journeys. This research aims to investigate if it is possible to improve
the door-to-door journey experience for public transport travellers, increasing the accessibility and the
perception of autonomy via technology, and by doing so, providing a more sustainable alternative to
road transport. It focuses on understanding service users of Ireland’s National Rail service, Irish Rail,
to create key improvements in interactive systems. (2) Methods: The study applies a user-centred
mixed-methods methodology using surveys (N = 316) and co-design workshops (four workshops
N = 15). The research collected deep insights into the mindsets and needs of service users, showing
the potential to improve this door-to-the-door customer journey. Key improvements for interactive
systems were outlined. Experience maps were designed, leading to a Conceptual Design for a
travel assistant to aid the service user throughout the door-to-door journey. (3) Results: Travellers’
autonomy and the sense of freedom they experience can be improved, mainly if their needs across
the complete door-to-door customer journey are supported. Highlighted areas for action include
information, accessibility, personal security, ticketing, comfort, facilities, and anxiety. (4) Conclusions:
This research reiterates the need for national transport and MaaS providers to prioritise service users’
perspectives when developing sustainable services. Co-designing is recommended as a means of
achieving this.

Keywords: co-design; interactive systems; rail; service design; accessibility; autonomy; user experience;
public transport; MaaS; multi-modal; door-to-door journey

1. Introduction

In Europe, social and economic policies depend on the availability of efficient and
effective transportation systems. Public transport has a vital role to play in countering prob-
lems such as climate change, energy independence and creating accessible and independent
societies. Social and economic policies, sustainable transport, energy and climate change
policies depend on the availability of efficient and effective transportation systems [1].
Public transport also has a vital role to play in creating accessible and independent societies,
increasing the mobility of citizens and improving their independence [2].

The success of an efficient, multi-modal, Mobility as a Service (MaaS) will often
depend on the level of uptake by the population in the area they operate. This uptake
can be influenced by many factors, including the quality of the passenger experience
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and the provision of systems that are accessible to everyone [3]. Accessible, high-quality
transit systems with low barriers to use benefit everyone and are likely to contribute to
a modal switch whereby private vehicle owners reduce their dependency and increase
their utilisation of public transportation [4]. Consequently, to achieve sustainability in a
MaaS, improved accessibility and understanding service user perceptions are of utmost
importance, which includes low cognitive accessibility and autonomy throughout journeys
focusing on holistic door-to-door experience [5]. As outlined by Enoch and Potter, MaaS
potentially offers a paradigm shift from transport being provider-led to being a more
user-led system; however, it is far from certain as to how it will evolve and scale up in
in future [6]. Therefore, for its future development, MaaS providers are recommended to
prioritise and closely consider users’ perspectives [7].

As stated by Witlox et al., travellers do not travel from station to station but from
door to door; therefore, they seek a positive integrated travel experience [7]. Users’ under-
standing of this complete door-to-door experience will be vital for the success of MaaS, as
the simple integration of various transport services into a single, comprehensive mobility
service may not prove sufficient in itself to generate significant uptake in usage. Devel-
oping “door-to-door” services is a crucial measure to enhance the attractiveness of public
transport systems, boosting sustainable development [8]. However public transport use is
continuously declining globally [9–11] posing a threat to the operational sustainability of
public transport systems.

Public transport services play a vital role in mobility and independence. As asserted
by Stjernborg, they can ensure an individual’s involvement in larger society or community,
and physical limitations in combination with environmental barriers to public transport
can shrink individual possibilities for movement [12]. Different community members
have differing profiles of needs and distinct characteristics that may make it more com-
plicated for them to utilise public services [13]. Persons with physical disabilities may
have problems accessing the transport infrastructure or the vehicles, or they may have
difficulties hearing or reading information. Barriers to public transport can extend to a
person’s economic status or geographic location, for example, affordability for low-income
groups or language barriers for tourists and immigrants. People in rural areas may have
greater difficulty accessing transport services than urban dwellers. Each of these different
user types compounds the complexity of a journey even further as each group may have
particular and distinct needs, and these groups need understanding and careful analysis to
optimise their travel experience.

To understand complex user needs in public transport, Susilo and Cats summarise
different passenger groups and the diversity of their most essential characteristics. These
include punctuality, reliability, cost, flexibility, safety, tolerant staff, accessibility, and on-
board space [14]. Considering this diversity of characteristics, the importance of under-
standing the ‘complete journey’ that a public transport user experiences should not be
underestimated. When delving into the literature on users’ complete journey experiences,
accessibility, and accessibility to information continually come to the fore. As suggested
by Friman et al., service quality in public transport is a key determinant of perceived
accessibility and autonomy, with low service quality being a barrier to use, decreasing
the ease of participating in daily activities [15]. Research from Balcombe et al. [16] and
Stradling et al. [17] observes that the quality of travel information could substantially influ-
ence the level of satisfaction with public transport, mainly whether this information is static
or real-time and provided in advance, wayside or enroute. Research by Cluett et al. [18],
Kenyon et al. [19], and Hine and Scott [20] describes the factors influencing the usability of
the information as the design, condition and timeliness of the data. They consider that the
whole journey experience depends on multimodal information to enable full planning and
ease of transfer to ‘. . .minimise the effort for the user in acquiring information on mode
choice options and can expose the user to information on such options’ [19].

The availability and advancement of smartphone technology in the last 20 years
has enabled the evolution of MaaS, allowing it to achieve progress in the integration of
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the public transport door-to-door travel journey [5]. A main emphasis for many public
transport operator smartphone applications relates to commercial transactions, i.e., selling
tickets or reservations and providing timetables with real-time updates on the location of
services. These are essential activities for the core parts of the customer journey. However,
when we reflect on the actions that take place before a transport user leaves home through
to entering one’s final destination, we see there are many other activities, stages and
modes in the complete door-to-door journey [21]. In addition, there is ample potential
for further development, for example, per Torabi K et al., integrating emerging future
modes of transport into door-to-door journeys, as currently a limited set of modes are being
used [22].

Research has been ongoing into understanding and designing door-to-door experi-
ences, but more detailed work needs to be undertaken. This is primarily the case as MaaS as
a concept is still in is relative infancy, together with integrating multimodal transportation
on digital mobile technology [3].

A commencement point in this design research was seen in the 1990s, when design
consultancy IDEO worked with train operating company Amtrak (USA) to help them pro-
vide a better passenger experience for the new high-speed train service, ‘Acela’ [23]. They
believed that if the Acela service were to be successful, a complete door-to-door journey
would need to be considered [21]. The two teams concluded that from the customers’
perspective, a train journey started well in advance of the actual train trip and extended for
some time after they had alighted from the train. Both concluded that to successfully pro-
vide users with the type of service they were seeking, a considerably broader perspective
of the customers’ journey would need to be considered as a whole. To help understand
the different stages within this expansive Amtrak user journey, IDEO proposed a customer
journey map of ten stages, as shown in Figure 1.
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In 2014, the ‘METPEX’ research team developed a standardised tool to measure
passenger experience and benchmark services, in this work, they mostly agreed with
IDEO’s observations on the complete door-to-door customer journey [24]. This METPEX
study was a major EU-funded public transport research project involving academics and
professionals from over a dozen countries across Europe [25]. They proposed that the key
to improvement lies in the understanding of the entire journey to gain a deep insight into
people’s travel behaviour and, ultimately, their needs. Essentially, to deliver a service that
‘met or exceeded the users’ needs’, the train service would need to be designed for all
the steps in the journey, not simply the actual travelling on the train itself [24]. METPEX
stressed the need to take a systematic approach to the whole journey experience as each
portion of the customer journey might contribute negatively or positively to the journey
experience as a whole [25].
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There are also many essential reasons why transport companies should improve
the experience, accessibility and autonomy of rail services, and these include many legal
obligations and directives. For example, Ireland’s National Disability Authority (NDA)
advises on legal obligations regarding the accessibility of information and services in the
public sector under which public transport is included. Examples include the Equal Status
Acts, 2000 to 2004, the Disability Act 2005 and the EU directive (EU) 2016/2102 and S.I. No.
358/2020 [13].

In a study seeking to improve autonomy in public transport, the design researchers
‘Latitude Research’ explored whether new technologies and information could improve
public transport and encourage people to make more sustainable transport choices. This
research tasked car users to give up their cars for a week and rely on other forms of trans-
port [26]. Results showed that providing good information could equalise transport mode
choices [26]. They concluded that easily accessed information is an excellent democratiser
of products and services and suggested that transportation companies ‘make it easy for
people to be good’ and move away from an ‘all or nothing approach’ [27]. By enabling
people to make spontaneous decisions to use public services, people could be encouraged
to make incremental changes towards public transport. They also note that people do not
want any barriers to interoperating with different travel modes, and this requires greater
collaboration between transport authorities, competitors, and the local community [27].

Numerous studies show the advantages of providing Real-time Transport Information
(RTI). Dziekan and Kottenhoff describe the main effects of RTI to be reduced ‘perceived’
wait time, and more efficient travelling. The impact of a ‘reduced perceived wait time’
is a straightforward metric in the passenger’s experience of just how long they believe
that they have waited for their service [28]. Dziekan and Kottenhoff note that the real-
time availability of this type of information influences travel behaviour. This is primarily
due to passengers adapting to environmental conditions and changes. Stradling states
that real-time information affords increased ease of use which can be both physical and
cognitive [17], and the availability of this information was found to be trustworthy and
contributed to a more straightforward journey [29].

At a national level, there is a scarcity of research in transport services to determine
gaps, and unmet customer needs to increase accessibility and the perception of autonomy.
The Transport Research Centre in Madrid researched how adopting real-time passenger
information systems can affect the punctuality and quality of service and users’ perception
of public bus networks in Madrid (Spain) and Bremerhaven (Germany). Their research
from both cities shows a higher perceived service quality when the bus stops and buses are
equipped with information devices [30]. Crucially, however, they state that the accuracy of
real-time train information is critical, noting that ‘inaccurate real-time information would
have an aggravated negative impact on the quality of the rail transport system’ [30]. The
travellers ‘trust in RTI depended, to a large extent, on the accuracy and timeliness of the
information [31].

Summary Points:
The following is a summary of the main points from the literature discussed above.

• Public transport services play a vital role in sustainability, mobility and independence.
• Accessible, door-to-door transit systems with low barriers to use benefit everyone.
• To achieve sustainability in a MaaS, improved accessibility and understanding service

user perceptions are of utmost importance.
• In creating a positive door-to-door journey experience, accessibility, and accessibility

to information continually come to the fore.
• Travellers’ needs are diverse, and they themselves are also diverse.
• The availability and advancement of smartphone technology in the last 25 years has fa-

cilitated MaaS, allowing it to achieve progress in the integration of the public transport
door-to-door travel journey; however, MaaS as a concept is still in its relative infancy.

Summary: Research Gap
The following is a summary of points identifying research gaps.
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• To improve the whole concept of MaaS, it is important to understanding the ‘complete
journey’ door to door that different public transport users experience.

• There is a scarcity of research in transport services to determine gaps and unmet
customer needs that would increase accessibility and the perception of autonomy.

Case Study of Irish Rail: Improving the Door-to-Door Journey of National Rail
As the Republic of Ireland’s national railway operator, Irish Rail (Iarnród Eireann)

traces its history back to the early 1830s under different company names such as Great
Southern and Western Railways and Córas Iompair Éireann (Córas Iompair Éireann) [32].
Irish Rail operates freight and passenger services to over 140 stations and carries more than
50 million passengers per annum [33].

As a company with a strong customer focus, Irish Rail was chosen for this research
as it is keen to maximise its customer base and provide a sustainable alternative to road
transport. This paper examines the customer door-to-door journey for Irish Rail travellers,
seeking, through the use of co-design and information technology, to improve their ex-
perience and to see if there is the potential to improve the travellers’ accessibility and
autonomy. By enhancing this experience, Irish Rail could potentially increase sustainability
and passenger numbers.

This study is the first of its kind in Irish Rail, previously, via their customer-facing
information technology; they have had a primary focus on ticket sales and timetables.
However, this study takes a broader look at the potential to support customers’ more expan-
sive range of needs. Specifically, it seeks to determine gaps and unmet customer needs to
increase accessibility and the perception of autonomy for its service. This research, though
in the context of Ireland, should equally apply to other national public transport companies,
especially as part of any MaaS strategy. As public transit systems are evolving from singular
modes (e.g., bus-based) to mixed structured [10] and the increasing importance of network
connectivity [8], this research can and should be applicable to bus operators and other
modes of public transport.

2. Methods

The overall objectives of this study are to inform Irish Rail of potential improvements
for interactive systems for travellers and to increase accessibility and the perception of
autonomy of its service, in doing so, providing a sustainable alternative to road transport.
It aims to achieve this through a user-centred design process, involving travellers/service
users to closely understand and consider their user perspectives. The research question
for this study is as follows: What interactive systems should be designed to improve the
experience, accessibility and autonomy of Irish Rail’s customers’ door-to-door journey?

To answer this question, the study applies a mixed-methods research methodology
(Figure 2). This methodology was chosen to obtain both quantitative and qualitative
research so that a wide understanding of travellers’ experiences (Research Gap 1) could be
recorded and quantified initially before delving deeper into these experiences through a
series of workshops designed from the initial results (Research Gap 2).
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Throughout the methodology, we follow the guidance of Irish Standard I.S. EN
17161:2019 Design for All, in which a central aspect is to involve end users in service
improvement and design [13]. In this research, we include Irish Rail travellers in a user-
centred design process to improve the door-to-the-door customer journey.

Sample Recruitment and Representativeness
For the survey, when recruiting sample participants, most of Ireland’s workforce was

working remotely due to COVID-19 restrictions. However, with Irish Rail’s extensive social
media presence of over 180,000 followers, the survey reached over 18,000 people. With a
100% completion rate, the study received 316 responses. The sample size was determined
using the following formula [34]:

sample size =
z2 × p(1 − p)

e2

1 +
(

z2 × p(1 − p)
e2 N

)
While the population of Ireland exceeds 5 million, the available market for public

transport is significantly less due to the geographical layout of the railway network and
an absence of services sufficiently proximate to the full population. Thus, the study of
the full population (N) p is the sample proportion (p = 0.5) with a margin of error (e) of
10% and a confidence level of 99% (z = 2.58) would require a minimum sample size of 167.
Participants of the co-design workshops were purposefully recruited to ensure a diverse
sample of participants by looking at their responses in the survey. A total of 114 participants
provided their contact email address for further contact, and these people were considered
for an invitation to the co-design workshops. The final sample of participants included
commuters, long-distance leisure travellers; the staff, including both front line and senior
managers; fellow students; and the researcher’s design peers. The sufficient representation
and balance of genders was considered at this stage, with females and males being invited,
and it was planned that workshops would run until a representative sample was reached,
as shown in Table 1 below.

Table 1. Representativeness of sample participants.

Participant Gender Traveller Type Disability

A Male Non-Frequent No

B Male Frequent Yes

C Female Frequent No

D Male Non-Frequent No

E Male Frequent No

F Female Non-Frequent No

G Male Non-Frequent Yes

H Female Non-Frequent No

I Female Frequent No

J Male Frequent No

K Male Non-Frequent No

L Female Frequent Yes

M Male Non-Frequent Yes

N Male Frequent No

Summary Male = 9
Female = 5

Frequent = 7
Non-Frequent = 7

Yes = 4
No = 10
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Research Stages
Designing the Survey
In designing the survey, the key stages of the IDEO/Amtrak customer journey and

several key findings in the METPEX research were compiled in a mind map. The survey
was designed to ensure both the depth and breadth of responses. To achieve this, qualitative
and quantitative questions were formulated to take both a broad view of the customer
journey and dig deeper to reveal the thoughts and feelings experienced by the travellers
as they travelled from door to door. The survey commenced with a strong quantitative
orientation but with some qualitative questions to yield a richer data set to inform the next
phase. The survey needed to be conducted online for COVID-19 restrictions and social
distancing reasons. It was conducted on a professional-tier SurveyMonkey account and
was analysed through descriptive statistics using statistical tools in Excel 2019 MSO 360.

Quantitative questions were asked for almost every stage of the customer journey. To
gain a fuller understanding of the thoughts and feelings of the participants, the survey
included numerous qualitative questions, e.g., ‘Can you briefly describe what is on your
mind when setting out on a journey?’ These questions were purposely open, and the
participants could mention anything they wished to. Some questions were designed in the
survey to gauge the number of people who had some form of accessibility needs and also,
in general terms, how satisfied or otherwise people were with Irish Rail. Due to the time
involved in completing the survey, the option for participants to skip any questions was
provided in case they felt they were not relevant or too busy to answer fully, bearing in
mind that the participants would give up this estimated 10 min of their time.

Table 2 shows the survey questions generated, showing how they relate to the different
stages of the journey. It includes further questions to learn more about the research question
and the data quality. The survey is primarily quantitative, but with qualitative questions
to gain deeper insights into crucial parts of the journey. No personal information would
be mandatory, and no demographic information would be solicited in this survey. The
study needed to be open to everyone, and there was no attempt to block children or any
vulnerable adults from completing the survey.

Table 2. Survey questions mapped to the stages of the door-to-door journey.

Quantitative Questions Qualitative Questions

Learning
Generally speaking, do you think
most people in Ireland know about
Irish Rail?

Do you think information on Irish Rail
is easily obtained?

Do you think it is easy to compare
advantages or disadvantages of train
travel with other modes of travel?

Planning
How do you find out about train
timetables and prices? Tick all
that apply.

When planning a new trip, do you
check if there is a train service near
your destination?

Starting
Do you feel that you have all the
information that you need before
setting out?

Can you briefly describe what is
on your mind when setting out on
a journey?

Entering When you arrive at the station, is it
easy to access and navigate?

What is on your mind when
entering the station.

Is it easy to park your bike, scooter,
car etc.?
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Table 2. Cont.

Quantitative Questions Qualitative Questions

Ticketing How do you usually purchase
your ticket?

Why did you choose this method?
(Purchasing ticket)

Do you find purchasing tickets easy?

Waiting Is your safety and security a concern as
you wait?

What is on your mind when
waiting for the train to arrive?

How do you keep informed about the
train as you wait?

Is there anything that would
make waiting in the station better
for you?

Boarding Do you feel confident when boarding? As your train arrives what is on
your mind?

Is there anything that would
make boarding easier for you?

Travelling Is your safety and security a concern
while travelling?

What is on your mind as
you travel?

If delays occur, do you feel sufficiently
informed?

Is there anything that would
make travelling more enjoyable?

If train A was slightly quicker but
very busy and train B was slightly
slower but very quiet, generally
speaking which would you take?

Arriving What is on your mind as you near
the end of the train trip?

Continuing Typically, what are your next steps?
Tick all that apply.

What is on your mind as you
arrive at your final destination?

Research
Question

Generally speaking, do you feel
sufficiently independent in your
mobility options and freedom to travel?

Is there anything that would
improve your general mobility
and freedom?

Are you comfortable using smartphone
and apps?

Which of the following often feature in
your door to door trip? Tick all
that apply.

Accessibility
Do you have any physical restrictions
with regard to your mobility on public
transport?

Do you encounter any sensory or
communication restrictions when using
public transport?

Customer
Satisfaction

Generally speaking, are you
satisfied with your whole
journey?

Data Quality How often would you make trips on
Irish Rail (in normal times pre COVID)?

Designing for Co-Design Workshops
As seen in Figure 3 and Table 3, six main themes emerged from the survey. Timeta-

bles and ticketing are areas that transport operating companies are already familiar with.
Further research on facilities and comfort will likely fall outside the general ‘technology’
scope addressed in this research. Accordingly, the themes of information, security and
accessibility were subjected to further research in the next stage of the study.
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Table 3. Benefits of co-design, collated by Steen et al. [35].

Benefits for the Project Benefits for the Users Benefits for the Organization

Improving Idea Generation Better ideas, better knowledge
about customers’ needs.

Improved creativity and focus
on customers. Improved
interdisciplinary cooperation.

Improving the service
Improved service definition,
higher quality and more
successful innovations.

Better fit of service and needs,
contributing to a better
experience and higher quality.

Improving Project
Management

Better project management,
decision making, lower
development cost, reduced
development time and
continuous improvement.

Improving longer term effects Higher satisfaction, loyalty
and more educated users.

More successful innovation
and more support for change.
Improved relationships and
public relations.

At this stage, a means to 1. validate and any negate bias of the survey findings and
2. dig deeper into the travellers’ needs and underlying thoughts on information, security,
and accessibility was required. As this study aims to inform future service design for Irish
Rail, it is important to choose a user-centred design framework that will support both the
company and their diverse users and needs. Thus, the approach undertaken in the study
needed to be genuinely user-centred, collaborative, and suitable for interdisciplinary teams.
The process and methods employed by a methodology known as ‘co-design’ allow this
to happen.

Steen et al. notes that co-designing is advantageous when working with teams, as it
has been proven to lead to more long-term success and more support and enthusiasm for
change and can generate solutions that improve day-to-day experiences [35].

This ‘enthusiasm for change’ and ‘generating of solutions’ fitted the study, and the
mindset of ‘leading to long-term success’ fitted the aspiration that this study would influ-
ence further research [35] collated a matrix from numerous researchers on the benefits of
co-design in projects for organisations, as seen in Table 3.

Co-designing also assists when researchers are faced with limitations in reaching
participants, e.g., during the COVID-19 pandemic. White et al. [36] and Zallio et al. [37]
adapted design research to facilitate remote working across interdisciplinary teams to a
successful conclusion. These researchers noted a need for ‘a platform whereby the voice
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and ideas of the researchers could be expressed ’ and proposed a process of ‘Co-designing’
as it allowed ‘a wide range of people to make a creative contribution to the formulation of
solutions’ [36]. In terms of defining what co-design is, McKercher describes it as ‘designing
with, not for, people’ [38]. With an emphasis on the ‘with’, this co-designing framework
involves groups of people with lived experience in the design process. The insights of both
Steen et al. [35] and McKercher [38] make a compelling case for why co-design will fit both
this study and subsequent research.

The social distancing requirements for COVID-19 meant this research would need an
alternative approach. Virtual whiteboard software application Miro™ was chosen as the
tool to use with Microsoft Teams for video conferencing as it has been successful in other
similar co-design workshops [37]. The online co-design workshops were a maximum of
one hour in duration.

Co-designing is a visual and inclusive process; to facilitate this, whiteboards, as seen
in Figure 4, needed to be designed in a format in which the participants would easily
understand the co-design process. A facilitator facilitated the workshops, together with a
supervisory team, who acted as assistants offering mentorship and peer debriefing after
each workshop. During the workshop, the facilitator brought participants through the
different stages of the workshop, asking questions about personal experiences of rail travel.
Each participant documented experiences, ideas, and thoughts on individual notes. The
facilitator aimed to give the participants complete freedom to contribute without anyone
interpreting their views and recording on the board on their behalf, that is, if they so
wished. The facilitator also wanted to create an inclusive environment and did not want
anyone to feel their opinions were superior or inferior to others, or if one voice biased
the study. Ultimately, the co-design workshops comprised an equal mix of frequent and
non-frequent travellers, one quarter of them voluntarily mentioned their own cognitive or
physical disability, and 40% of were female.
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Analysis
The survey had both quantitative and qualitative responses to be analysed. The

Co-design workshops had just qualitative responses. For the analysis of the quantitative
responses of the survey, the built-in functionality in the survey software SurveyMonkey
(https://www.surveymonkey.com/) was used to provide totals and percentages. The
qualitative responses from both the survey and the co-design workshops, however, would
require a deeper analysis to understand the thoughts and views of service users. How-
ever, with such qualitative work and with such a large amount of data, an organising
system would be necessary for a researcher to be consistent and ‘tease out the layers of
meaning’ [39]. Accordingly, Tesch’s Eight Steps [40] was used.

As the survey was carried out online, the respondents completed all the text input
and dialogue box options; therefore, no audio or video recordings needed to be transcribed.

https://www.surveymonkey.com/
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The online survey was conducted unsupervised, so no additional notes were recorded,
which would ordinarily need to be compiled and transcribed. With the survey closed, the
research was initially organised, disassembling the data captured. This involved manually
compiling parts of it into chunks and generating tags or labels known as ‘coding’. Coding
via the Tesch’s Eight Steps method first involved reading through all the responses to obtain
a broad sense of the data. The coding process then comprised finding words and phrases,
which were clustered in a single question response or seen throughout all the data; the code
names tended to be the participant’s descriptive terms. Some individual responses were
then selected, and the general substance of these was reflected on, considering the author’s
context. Following this, all the responses were reviewed with brief note-taking [40]. With
some notes from the overall survey and some individual responses, lists of themes emerged,
which were graded by the frequency with which they were mentioned. This coding process
was drawn from similar studies [41–43].

From the survey, the three themes of information, security, and accessibility were
taken forward for deeper understanding in the co-design workshops. Manual coding
was conducted for the co-design workshops through the whiteboard software application
Miro™ 0.7. 37 version. To code the data on the co-design workshop board, text within
individual participants’ notes was read and re-read line by line and interpreted for meaning.
Concurrent to this, each note was placed into a theme [44,45]. Once the analysis of both
the survey and codesign was complete these were manually coded into a list of key
improvements vis-à-vis primary stakeholders. Experience maps and a conceptual design
for a travel assistant were then designed to visualise findings; these were created through
an iterative process of sketching to generate means to visualise outcomes. Finally, to
mitigate bias and to validate outcomes, these were then peer-reviewed by two external
reviewers [43].

3. Results

Results from the Survey
The results, themes and key insights of the survey are outlined in Table 4. The themes

of information, accessibility, personal security, ticketing, comfort, facilities, and anxiety
were highlighted as areas for action.

Table 4. Result themes from the survey including description of key insights.

Theme Key Insights

Information

When delays happen, 57% do not feel sufficiently informed.
The majority of travellers (57%) feel it is difficult to compare the advantages of
train travel with other modes of travel.
When planning a new trip, 24% of travellers do not check if there is a train
service serving it.
Fourteen percent of travellers do not have all the information they need before
setting out to travel.

Accessibility

Six percent of travellers do not feel independent enough.
Four percent have some physical restrictions on their mobility to travel on
public transport.
Ten percent of travellers encounter sensory or communication restrictions
when travelling on public transport.
At the station, 14% do not find it easy to access and navigate it.
Accessibility is a concern for travellers at all stages of the complete
customer journey.

Personal
Security

Fifty-five percent have experienced safety and security concerns.
Personal safety is a concern at all stages of the complete customer journey.
While the train is in motion, 47% of travellers continue to be concerned with
safety and security.
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Table 4. Cont.

Theme Key Insights

Ticketing
Close to one-fifth of people purchase their tickets offline.
The decision of whether to buy online/ticket office/ticket machine, etc., is
mainly influenced by the perceived convenience and the cheapest price.

Comfort Sixty-seven percent of travellers might prefer a quieter train even if it is slower.

Facilities Almost half the travellers that need to park (car, bike, scooter) find it difficult.

Anxiety

As the train arrives, there are several things in the mind of travellers that may
give rise to anxiety, such as lateness, getting a seat, their safety, if they are on
the correct train, and if they will be able to get on safely.
As the train arrives at the destination, there are many thoughts that can give
rise to anxiety, e.g., getting off, personal belongings, unruly passengers,
making connections, getting out of the station, etc.

Results from the Co-Design Workshops
The results of the four co-design workshops with 15 participants are aggregated in the

following results.
Safety

• Waiting for the train is the stage where most travellers are afraid (Figures 5 and 6).
• Travellers also feel quite unsafe when boarding and arriving but feel less unsafe when

on board (Figures 5 and 6).
• The entering and ticketing stages are seen to be ‘slightly unsafe’ (Figures 5 and 6).
• Anti-social behaviour is the main reason for fear (Figures 6–8).
• Anxiety is prevalent for many different reasons (Figures 6–8).

Information

• The top requirement is for simpler info (Figure 9).
• Travellers need more accurate info on delays, and platform numbers (Figure 9).
• All information needs to be accessible (Figure 9).
• Capacity information is quite important (Figure 9).
• Travellers need to know if there will be staff around or not (Figure 9).
• ‘Nice to have’ info includes refreshments, weather and storage info (Figure 10).
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Accessibility

• No stage of the journey is completely accessible (Figure 11).
• Travelling on board is the most accessible, but there are problems with announcements

and the next stop notification (Figures 11 and 12).
• A lack of ramps and lifts that are out of order cause problems (Figure 11).
• Difficulties outside railway network starting and continuing show the wider problem

in society (Figure 11).
• Strong need for better info for deaf and visually impaired (Figures 12 and 13).
• Human assistance is crucial (Figure 13).

Autonomy

• It is possible to improve autonomy by improving the door-to-door journey, especially
in the areas of accessibility, safety and the provision of accurate information (Figure 14).

• Employees are still an essential element for many customers (Figure 14).
• Improved integration with other travel modes is important (Figure 14).
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Key Improvements vis-a-vis Stakeholders
Users’ needs identified during the study are graded against the primary stakeholders

involved and assessed in the context of a potential information technology solution. These
are outlined in Table 5.

Table 5. Users’ needs mapped to stakeholder and potential IT solution.

Description of User Need Primary
Stakeholders

Potential
IT Solution

Network and destination guides Irish Rail Yes

Reporting anti-social behaviour and calling for help Irish Rail/Gardai
(Irish Police) Yes

Better integration with other travel modes
Irish Rail/National

Transport
Authority

Partially
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Table 5. Cont.

Description of User Need Primary
Stakeholders

Potential
IT Solution

Carbon calculator Irish Rail Yes

Communicating delays in real time and accurately Irish Rail Yes

Easier exiting at end of journey Irish Rail Partially

Comparison of travel modes Irish Rail Yes

Providing real-time platform info including notifications
if sudden changes Irish Rail Yes

Info on facilities available Irish Rail Yes

Quiet areas in trains and stations Irish Rail Partially

Way-finding inside train to seat reserved for
bikes/wheelchair space Irish Rail Partially

Way-finding out of station and onward Irish Rail Yes

Detailed accessibility info Irish Rail Yes

Way-finding to station and inside it Irish Rail Partially

Cheaper fares and mobile ticketing.
Irish Rail/National

Transport
Authority

Partially

Improved reliability Irish Rail No

Comparing trains quick vs. quiet, etc. Irish Rail Yes

Highly accurate: train position/delay/next stop/lift
status/capacity Irish Rail Yes

Capacity prediction Irish Rail Yes

More and improved ticket vending machines Irish Rail Partially

Improved capacity for people bikes and propriety
passengers

Irish Rail/National
Transport
Authority

No

Improved facilities in station Irish Rail No

More car and bike parking spaces. CIE Property/
Local Authorities No

Info on refreshments and ordering Irish Rail Yes

Human assistance Irish Rail Partially

Wi-Fi and charging Irish Rail No

Stations and trains to be designed better so they are
more accessible and easier to use, brighter, more
comfortable and weather protected.

Irish Rail No

Safer environment with means to request
help/assistance and more CCTV. Irish Rail Partially

Ability to report faults such as lifts out of order etc. and
also to report dirty areas and suggest improvements Irish Rail Yes

Simpler and accessible information, better signage
and way-finding. Irish Rail Yes

Larger railway network, more trains, multi modal.
Irish Rail/National

Transport
Authority

Partially
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Designing the Experience Maps and Conceptual Design for a Travel Assistant
As a quantity of quantitative and qualitative data were collected in this study, the

process of synthesising these data into critical high-level insights that could be actioned by
Irish Rail was important. To obtain a high-level view or ‘ecology map’ of these findings, they
were visualised in experience maps [46]. Patterns, relationships, categories and codes from
the qualitative data and analysis were collated and triangulated with the most important
statistics from the quantitative research into visual form.

As the research question addresses the door-to-door customer journey for Irish Rail,
an experience map (Figure 15) was developed, showing the ten stages of the customer
journey. This map describes each stage and includes a sample of one of the primary
thoughts or insights that have been simplified to show the parts of the journey that cause
concerns to travellers. Gaps for information needs raised during the surveys and co-design
workshop were then noted. Finally, the main opportunities for Irish Rail to improve the
customer experience journey are summarised from reviewing the survey results, notes,
and comments from the co-design workshop and from re-reading all relevant individual
comments throughout the study that were triangulated with the research question. Similar
to previous stages, to mitigate bias and to validate, outcomes these were again peer-
reviewed by two external reviewers [43].

A visualised thematic analysis has also been generated (Figure 16), merging the emer-
gent themes from the survey and co-design workshops, capturing close to 5000 comments.
These themes are mapped to the customer journey stages to visualise how Irish Rail and the
other stakeholders can support the traveller at every stage. This thematic analysis shows
how some potential improvements in the public transport sector can assist the traveller
across many different stages, while others just focus on a single stage.

Finally, a conceptual design is produced based on the needs and gaps of the traveller
in a visual format to communicate the underlying ideas behind improving the door-to-door
customer journey at the centre of the research (Figure 17). In this conceptual design, a
process of iterative design is applied to visualise an ‘ideal’ scenario. The travellers’ needs
have been grouped and categorised, and critical areas to support the traveller are proposed,
e.g., discovery, planning, ticketing and travel assistant, taking the first steps towards finding
a solution to the traveller’s needs.
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4. Discussion and Implications of Results

In this research, we seek to understand and improve door-to-door journeys of public
transport customers, adding to the key studies, i.e., METPEX, Latitude Research, and IDEO.
We deeply consider what Woodcock and Tovey describe as a service ‘designed for all the
steps in the journey, not simply the actual travelling on the train itself’ [24]. We were
mindful of what METPEX stressed as the need to take a systematic approach to the whole
journey experience, as each portion of the customer journey might contribute negatively or
positively to the overall experience [25].

In the literature, it was identified that for its future development, MaaS providers are
recommended to prioritise and closely consider service users perspectives [7]. In creating
a positive door-to-door journey experience, accessibility and accessibility to information
continually come to the fore. Focusing on research at a national level, it was identified that
there is a scarcity of research in transport services to determine gaps and unmet customer
needs to increase accessibility and the perception of autonomy.

This research explored two gaps in the literature in order to consider what interactive
systems could be designed for travellers.

• Understanding the ‘complete journey’ door to door that different public transport
users experience.

• Determining the gaps and unmet customer needs that would increase accessibility
and the perception of autonomy.

During the research, key insights on information, accessibility, personal security,
ticketing, comfort, facilities, and anxiety were highlighted as areas for action. Through
co-designing, these were explored with service users to understand perspectives. Key
improvements were outlined; experience maps were designed, leading to a conceptual
design for a new interactive Travel Assistant which could aid the service user.

The findings of this study will act as a plan to implement improvements to Ire-
land’s National Rail Service. This paper also acts as a case study for the development
of other national transport services and MaaS providers in the future, considering service
users’ perspectives.

Limitations of the Study

Research was conducted during the COVID-19 pandemic, a period when many trav-
ellers were working from home. Many Irish Rail services themselves were curtailed by the
authorities managing the pandemic. The survey was undertaken during these restrictions,
which may have restricted data collection. It is also possible that some travellers did not
participate because they were not actively commuting. As social media was used to recruit
participants, it is also possible that regular followers were less connected with these digital
channels and unaware of the research during this period.

The co-design workshops also took place during the COVID-19 pandemic and restric-
tions. Instead, they took place online via video conference (Microsoft Teams) and virtual
whiteboard (MIRO). Some of the invitees who accepted the invitation to the co-design
workshops did not join online, possibly due to technical troubles or last-minute issues.

5. Conclusions

This research aimed to investigate if it was possible to improve the door-to-door
customer journey experience for public transport travellers, increasing accessibility and
the perception of autonomy and, in doing so, providing a sustainable alternative to road
transport. It focused on understanding service users of Ireland’s national rail service, Irish
Rail, and understanding the needs of key improvements in interactive systems.

From this research, we conclude

• That it is possible to improve the door-to-door experience and at the same time improve
the sense of autonomy.
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• That areas highlighted for action include information, accessibility, personal security,
ticketing, comfort, facilities, and anxiety.

• That, as outlined in other literature, this research reiterates the need for national trans-
port and MaaS providers to prioritise and closely consider service users’ perspectives.
We recommend co-designing a means of achieving this.

The research took a holistic viewpoint of the entire customer journey and observed a
high level of generally positive customer satisfaction. However, there are many gaps that
Irish Rail and national public transport companies need to fill to improve the experience,
such as

• Personal safety, which is a significant issue that has affected most travellers.
• The necessity for the transport network to be accessible, and information on its acces-

sibility be provided on.
• The necessity for all information to be easy to understand and be fully accessible.
• The fact that travellers need much more information for decision-making and it must

be accurate and timely.

Potential improvements are found in this study showing many ways to support the
passenger throughout the door-to-door customer journey. By focusing on accessibility,
personal safety, and improved information, Irish Rail could aid travellers’ decision-making
to reduce stress and uncertainty.

The findings of this study will act as a plan to implement improvements in Ireland’s
National Rail service. Further research will now be conducted with service users to ensure
these improvements are implemented in a user-centric manner. In-person co-designing
will now progress outside the limitations present during COVID-19 restrictions.

To conclude, there are many ways in which Irish Rail can use technology to improve
travellers’ door-to-door experience. By drawing on the travellers’ lived experience through
co-designing with them, Irish Rail can simplify and transform the door-to-door customer
journey and introduce changes that will benefit everyone.
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