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Executive Summary

Deliverable D2.1 - Stakeholder analysis and needs for passenger-aware on-board services- presents the first
results of two methodologies implemented to establish the perspectives, preferences, and expectations of
different stakeholders regarding public transportation: the survey and the focus groups. To begin with, D2.1
identifies key stakeholders in public transport systems across Austria, Finland, Germany, and Spain.
Stakeholders include public transport providers, diverse passenger groups, and advocacy organisations. Work
in Austria focused on university students as primary users. Finland studied mobility-impaired individuals,
parents with large items, and tourists alongside public transport providers. Germany prioritised passengers
with special needs, tourist accessibility, and collaboration with advocacy groups to address inclusivity. Spain
involved visually impaired, mobility-challenged, older passengers and university students alongside tram
system operators. The analysis highlights the necessity of tailoring public transport systems to diverse user
needs for inclusivity and improved experiences.

The survey was developed based on journal reviews and group work, aiming to assess public transportation
use. It was structured into two main parts: passenger profiles and six key dimensions of public transport
experiences (comfort, accessibility, safety, responsiveness, convenience, and tourism use). The survey
included 2,270 participants from four Austria, Finland, Germany, and Spain, covering diverse demographics
and public transport habits. Key Findings involved demographics, public transport use, service strengths and
weaknesses, frequent user profiles and some statistical insights. All in all, the survey results provide actionable
insights for improving public transport services by addressing user needs and enhancing strengths. Efforts
should focus on increasing satisfaction across neutral responses and tailoring services to frequent users'
preferences.

The focus group method involves structured workshops with diverse participant groups to address specific
public transport issues through a sequence of problem identification, solution exploration, and contextual
scenario discussion. Workshop topics included accessibility, safety, and technological adaptation for different
user groups in different countries: fragile users (visually impaired, physically impaired, older people) in Finland,
Germany and Spain; students in Austria and Spain; passengers with large objects in Finland, and tourists in
Finland and Germany. In each workshop, focus groups addressed questions related to the four possible use
cases: Automatic on-board assistance of passengers with special needs (UC1); Improving on-board safety with
anomaly detection (UC2); Pedestrian to vehicle communication (UC3); and Passenger distribution optimisation
(UC4). Key themes across countries concerned Accessibility (addressing physical and sensory challenges
through inclusive designs and technologies), Safety (mitigating concerns in autonomous scenarios and
improving on-board safety), Technological adaptations (integration of apps and assistive tools for navigation
and distribution optimisation), and Privacy (balancing technology use with data protection). These insights will
guide improvements in public transport systems, emphasising inclusivity, safety, and user-centric design.
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1 Introduction

OptiPEx project aims to improve the comfort and safety of public transport passengers as well as the security
and ease of travelling by co-creating ethical and passenger-aware public transport services together with
specific target user groups, such as wheelchair users, passengers with large objects, fragile passengers with
limited mobility, tourists, and students. To achieve this, OptiPEx is built on three fundamental development
pillars: measurement, analytics, and interaction. OptiPEx will develop perception technologies to measure
passenger behaviour and situations. Trustworthy analytics is essential in recognising real-time passenger
experiences and situations, enabling interaction with services and vehicles. Moreover, OptiPEx will develop
adaptive and interactive vehicle technologies and digital services in collaboration with target groups that are
suitable for various public transport modes. These services will optimise the on-board experience, promoting
safety, inclusiveness, and trust. Ultimately, improved passenger satisfaction will drive the adoption of
automated public transport technologies and enhance the sustainability of mobility services by contributing
to the modal shift.

The OptiPEx project has one of its main assets in co-creation, as an instrument to understand the expectations
of a set of stakeholders who promote or use public transport (PT), but also as a strategy to outline specific
paths of integration and development of different views of public transport in the future [1],[2]. The
fundamental idea is that PT users contribute their experience and perception to improve the public transport
they will use, determine the main lines of its development and contribute their point of view on the different
problems and technological alternatives that can be implemented to solve them. Modern public transport
contributes decisively to optimising mobility, promoting a more balanced and sustainable society, and thus
improving the levels of comfort, safety, and functionality of its users. OptiPEx now tries to expand and improve
this status quo by incorporating another objective, the improvement of inclusivity, opening the accessibility,
use and functionality of public transport to users with different types of disabilities (visual, physical, derived
from advanced age), with different types of difficulty (transporting large objects, such as shopping carts, baby
strollers or bicycles), with cultural impediments or language barriers (tourists) and also targeting the users
who will make the public transport of the future their own, young people, in the figure of the students. A
central idea is that making things better for them will also make things better for all of us.

Modern society poses extraordinary challenges to urban public transportation. Global predictions indicate that
more and more people will live in cities and suburban areas, with great time flexibility and extended mobility,
which are linked to professional life, personal leisure, and family life [3]. This foreseeable scenario can be
supported by ongoing technological advances, such as transportation automation, by virtue of present and
future developments in artificial intelligence in this context. National and European legislation takes these
innovative aspects into account: guaranteeing respect for privacy, the protection of personal data, and the
solvency of technological innovations. But what do potential public transport users think of all this?

Deliverable 2.1 (Stakeholder analysis and needs for passenger-aware on-board services) constitutes the first
empirical step in a chain of development and transformation objectives planned at OptiPEx. We have already
pointed out the aim of inclusion and the groups involved: fragile users, passengers carrying different loads,

© OptiPEx Page 9 of 55
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tourists with communication difficulties, etc. An additional aspect that concerns these passengers in OptiPEx
are the Use Cases (UC), that is, the specific scenarios that may be of greatest interest to them, namely:

e UC1: Automatic on-board assistance for passengers with special needs is built around the automated
recognition of user groups, their expectations, and needs, as well as delivering timely services adapted
to their needs.

e UC2: Improving safety with on-board anomaly detection relies on identifying anomalies in both
passenger behaviour (e.g., panic, fear, discomfort) and the indoor environment of a vehicle (e.g.,
temperature or stuffiness).

e UC3: Pedestrian to vehicle communication (and vice versa) is centred around estimating potential
collisions between pedestrians and trams/buses while also providing future support for autonomous
tram/bus solutions.

o UC4: Passenger distribution optimisation focuses on enhancing the on-board passenger experience
by identifying uncrowded areas and available seats.

Use Cases are very relevant because they point out the specific context where passenger expectations and
feasible technological implementations meet from the developers' point of view.

Deliverable 2.1 begins by portraying key stakeholders in public transport systems across Austria, Finland,
Germany, and Spain, including public transport providers, diverse passenger groups, and advocacy
organisations. The analysis highlights the necessity of tailoring public transport systems to diverse user needs
for inclusivity and improved experiences. Then, D2.1 presents the first results of two methodologies that were
implemented to establish the perspectives, preferences, and expectations of the different stakeholders
regarding PT. On the one hand, the survey, aiming to assess public transportation use, is structured into two
main parts: passenger profiles and six key dimensions of PT experiences (comfort, accessibility, safety,
responsiveness, convenience, and tourism use). The survey included 2,270 participants from four countries,
Austria, Finland, Germany, and Spain, covering diverse demographics and public transport habits (see Section
2). On the other hand, the Focus Groups, structured workshops with diverse participant groups to address
specific public transport issues through a sequence of problem identification, solution exploration, and
contextual scenario discussion. Topics included accessibility, safety, and technological adaptation for different
user groups in Austria, Finland, Germany, and Spain. The objective of D2.1 is to present an adequate and
sufficient synthesis of results to visualise the work objectives of the following phases of the project (WP3,
WP4, and WP5) and in the long term (WP6). D2.1 will also give rise to a set of reports (potentially in the form
of scientific publications) that will detail the findings obtained through qualitative techniques, offering in a
more complex way the network of meanings obtained in the first phase of the co-creation process.

© OptiPEx Page 10 of 55
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2 Stakeholder analysis

This chapter includes a summary description of the main actors involved and some details about their
composition by country; see Table 1. On the one hand, we have municipalities that play a role in supervising
or financing public transportation systems. Then, service providers are responsible for operating, maintaining,
and improving public transport services, including accessibility measures. Passengers, key groups in the
following analysis (reported in Sections 2 and 3), also participated: students, people with mobility or visual
impairment problems, older adults, passengers carrying large objects, and tourists. Finally, associations that
represent the interests of specific groups of passengers have also participated, helping to locate and facilitate
participants with disabilities (visual or physical) or older adults. Generally, these associations collaborate with

public transport providers to improve services.

Table 1: Stakeholders per country.

Country Stakeholders Main characteristics
AUSTRIA - Public transport providers - Subsidiary of Linz AG, operates trams, buses, and
(Linz Linien GmbH) trolleybuses in Linz and nearby municipalities.

- University students - Significant commuter group, focus on Johannes Kepler
University students using tram lines 1 and 2.

FINLAND - Public transport providers - Represented by Helsinki and Tampere regional providers,

- Mobility-impaired tram drivers, and R&D professionals.

passengers (associations - Included wheelchair users and older people using walkers.
for mobility-impaired and - Travelers with baby strollers/prams.
older people) - Regularly travel abroad, prefer public transport while
- Passengers with large travelling.
objects (Nysse lab)
- Tourists
GERMANY - Public transport providers - Represented by urban and suburban providers (e.g., CVAG,
- Passengers with special ERZmobil), focus on efficiency and inclusivity.
needs - ltincludes wheelchair users, older people, and the visually

- Organizations for special impaired, requiring specific accommodations like low-floor

needs passengers buses.

- Tourists - Advocate for passengers, e.g., “OPNV fiir alle” and “Wir
sehen uns,” provide insights on regulations and existing
issues.

- Provide a valuable perspective on unfamiliar system
navigation, the need for multilingual information and clear
signage.

SPAIN - Public transport provider - Operates Zaragoza’s single tram line, connecting universities
(Tranvias de Zaragoza) and serving 100,000+ daily passengers.
- Fragile passengers (ONCE, - Include visually impaired, mobility-impaired individuals, and
DFA, Oficina del Mayor) older people.
- Students (University of - Regular tram users, study-specific commuters travelling
Zaragoza) across three university campuses.
© OptiPEx Page 11 of 55
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3 The survey

This section describes the approach that led to the development of the survey. Some journals were reviewed
to find out the basic relevant dimensions of the use of public transportation. Group work was carried out (in
Tampere) to identify items for each of the dimensions and consider the type of passenger involved (see
Appendix 1 and Appendix 2. Once the basic set of survey items was obtained, they were refined to avoid
redundant questions or questions that were relatively far from the fundamental objective of the project. An
adequate time was also set to respond to the online survey (about 10 minutes maximum), and a pilot test was
carried out to obtain the required response time.

3.1 Contents and structure

The sample was obtained by means of Bilendi! while the instrument used was QuestBack?. Bilendi, a leading
international company collecting and managing data across a varied range of transactions, was responsible
for obtaining a representative sample (see Section 3.2) in the four countries under study (Austria, Finland,
Germany, and Spain), ensuring that this sample was distributed in a balanced way (at least in terms of gender
parity) and complying with data protection and anonymisation criteria. Starting from the Questback platform,
VTT supervised the design of the data collection structure of the questionnaire, the translations from English
to local languages and distributed the original mass of data collected to the rest of the project participants.
The survey was structured in two fundamental parts: (1) the respondent’s profile, and (2) the six main
dimensions of the PT experience identified (comfort, accessibility, safety, responsiveness, convenience, and
tourist use).

3.2 Descriptive statistics

This section includes descriptive statistics related to the profile and the six dimensions of the survey in the
entire sample. Demographic characteristics of respondents are provided in Table 2. The sample comprised
2,270 participants, with 52.7% identifying as male (n = 1,197), 46.9% as female (n = 1,060), and a small
proportion identifying as 'Other' (0.3%, n = 6) or 'Prefer not to answer' (0.1%, n = 3). The mean age of the
participants was 49.6 years (SD = 15.8), indicating a middle-aged population. Participants had a wide range of
educational attainment. About a third (37.0%) had completed vocational training, another third (34.8%) had
a university degree, and the remainder (27.9%) had either primary (10.4%) or secondary (17.5%) education or
no education (0.4%). The majority reported a household income of between 1,000 and 3,000 euro (55.5%),
while 36.5% earned more than 3,000 euro. A smaller proportion earned less than 1,000 euro (8.0%).

Most participants (80.3%) reported no disability. The severity of disability was generally low among
participants, with similar proportions reporting mild (11.0%) and moderate (8.0%) disabilities, while severe
disabilities were much less common (2.3%). Frequency of use of PT was consistent across most categories,

1www.bilendi.com

2 www.questback.com
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with similar proportions using public transport daily (20.0%), weekly (23.6%) and monthly (20.2%). However,
use on an annual or less frequent basis was slightly higher at 36.2%. The most preferred mode of transport
was the bus, mentioned by 50.4% of respondents. This was followed by the train, which was selected by 27.6%
of respondents, while the metro and tram were preferred by 12.5% and 9.5% of respondents, respectively.

The participants were distributed across four European countries, with a balanced representation among
them, with Austria accounting for the largest proportion (29.8%, n = 677), followed by Spain (26.5%, n = 602),
Germany (22.3%, n = 506) and Finland (21.4%, n = 485). The respondents used public transport for different
purposes. The most reported purpose was for leisure and sport (61.5%), followed by errands (47.9%) and work
(39.2%). A smaller proportion of participants reported using public transport for study purposes (7.7%).

Most participants (86.7%) reported using a mobile application for public transport. In terms of general
smartphone habits, phoning (91.2%) and messaging (90.6%) were the most common activities, followed by
social media use (76.1%), online shopping or payments (65.8%) and games or entertainment (49.4%).

Table 2: Characteristics of the sample (N=2,270)

Primary studies

Secondary studies
Vocational studies
University studies

Characteristics Statistics
Age Mean: 49.6; SD: 15.8
Gender
Male 1197 (52.7%)
Female 1060 (46.9%)
Other 6 (0.3%)
Prefer not to answer 3(0.1%)
Educational level
No studies 8 (0.4%)

235 (10.4%)
397 (17.5%)
841 (37.0%)
789 (34.8%)

Household income

Less than 1000 euros
Between 1000 and 3000 euros
More than 3000 euros

181 (8.0%)
1260 (55.5%)
829 (36.5%)

Type of disability*
Hearing

Vision

Mobility
Wheelchair

None

113 (5.0%)
183 (8.1%)
248 (10.9%)
16 (0.7%)
1822 (80.3%)

Severity of disability
None

Mild

Moderate

Severe

1787 (78.7%)
249 (11.0%)
181 (8.0%)
53 (2.3%)

Daily

Frequency of public transport use

455 (20.0%)

© OptiPEx
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Characteristics

Statistics

Weekly
Monthly
Annual or less

536 (23.6%)
458 (20.2%)
821 (36.2%)

Type of public transportation most used
Bus

Tram

Metro

Train

1144 (50.4%)
216 (9.5%)
283 (12.5%)
627 (27.6%)

Country
Austria
Finland
Germany
Spain

677 (29.8%)
485 (21.4%)
506 (22.3%)
602 (26.5%)

Transportation needs satisfied*
Work

Studies

Leisure/Sports

Errands

889 (39.2%)
175 (7.7%)
1396 (61.5%)
1088 (47.9%)

Type of autonomous transport used
Train

Tram

Bus

Metro

Car

Taxi

No/I don’t know

272 (12.0%)
171 (7.5%)
267 (11.8%)
303 (13.3%)
233 (10.3%)
166 (7.3%)
1707 (75.2%)

Current smartphone habits*
Phoning

Messaging

Social Media

Buy and pay
Games/Entertainment
Others

2070 (91.2%)
2056 (90.6%)
1727 (76.1%)
1493 (65.8%)
1121 (49.4%)
303 (13.3%)

Yes
No

Use of mobile applications for public transportation

1967 (86.7%)
303 (13.3%)

* Categories are not mutually exclusive.

Participants completed a survey comprising 59 items addressing various aspects of public transportation

services. These aspects included the information and assistance provided by transport services, management

of large items and personal belongings, the comfort of transportation, ease of boarding and alighting, safety

during boarding, alighting, and travel, protection against violent passenger behaviour, use of technology to

enhance the transportation experience, public transport for tourism, and autonomous public transportation

(see Table 3). Responses were measured on a 5-point Likert scale ranging from 1 (Strongly disagree) to 5

(Strongly agree), with 3 (Neutral) as the midpoint.

© OptiPEx
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To analyse responses, the mean and standard deviation for each item were calculated, along with the response
rate for each point on the scale. For ease of interpretation, the original scale was recoded into a 3-point Likert
scale: 1 (Disagreement), 2 (Neutral), and 3 (Agreement). Additionally, the difference in response rates
between agreement and disagreement was calculated. Table 3 summarises these analyses.

Table 3: Means, standard deviations of item responses, response rate for each point on the scale, and the differences
between agreement and disagreement response rates.

Response rate (%)
Category/Item Mean | SD D N A A-D

Information
1. | feel there is sufficient information made available to | 3.28 094 | 17.3 | 415 |41.2 | 239
those who use public transport services.
2. | would use an informational booklet to assist me in | 2.89 1.10 | 32.6 | 37.9 | 295 -3.1
public transport service use.
3. | have information about accessibility related to my | 3.14 1.07 | 22.2 | 41.3 | 36.5 14.3
needs.
4. | find easy to follow all information and instructions | 3.62 095 | 10.2 |31.3 | 585 | 48.3
given in visual format on board.
5. | find easy to follow all information and instructions | 3.47 1.02 | 159 |[309 |53.2 | 373
given in audio format on board.
6. | would like guidance on finding a free seat on board. 2.47 1.16 | 51.1 |[30.2 | 18.7 | -32.4
7. If there is a specific space assigned for me to sit, it is | 3.44 094 | 12.8 | 38.6 | 48.6 | 35.8
clearly marked.
8. Asa passenger it is easy for me to know what type of | 3.59 097 | 12.4 | 283 |59.3 | 46.9
seat | can sit in or not.

Assistance

9. Iflrequire assistance for boarding. | will get it. 3.25 098 | 20.2 | 383 |415 | 213
10. If | require assistance during my journey. | will get it. 3.29 094 | 189 |379 |43.2 | 243
11. If I require assistance for offboarding I will get it. 3.30 096 | 19.1 |37.3 |43.6 | 245

12. If | had any difficulties. | am sure that a public | 3.20 1.03 | 23.7 |35.7 | 40.6 16.9
transport service employee would immediately come
to my aid.

13. If | had some difficulties. | am sure that some | 3.18 097 | 21.8 |40.4 | 37.8 16
passengers would immediately come to my aid.

14. There are areas of my public transport experience | 2.51 1.12 | 49.3 | 315 | 19.3 -30
where | need more support.

15. | face specific difficulties when using public transport | 2.26 1.17 | 61.5 | 221 | 16.3 | -45.2
during different seasons (i.e., summer/winter).

Carrying objects

16. | can basically take or carry anything large with me | 2.78 1.08 | 42.1 |32.3 | 25.6 | -16.5
when | take public transport.

© OptiPEx Page 15 of 55
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Response rate (%)

Category/Item Mean | SD D N A A-D

17. There is enough space assigned for my needs in a | 3.33 098 | 18.6 |36.4 | 449 | 26.3
public transport vehicle (my wheelchair/ and my
objects/ in my allocated seating).

18. | know exactly where to stand on public| 3.05 1.06 | 28.6 |36.3 | 35.2 6.6
transportation if | have large packages with me.

19. | believe that depositing large items in designated | 3.10 1.02 | 25.1 | 39.6 | 35.2 10.1
areas is safe.

20. | don't think anyone is going to steal large items | 2.87 1.09 | 35.2 | 36.6 | 28.2 -7
deposited in designated areas.

Comfort
21. Public transport is convenient to use. 3.51 1.05 | 174 | 251 | 57.5 | 40.1
22. | find using the services frustrating. 2.72 1.16 | 429 |32.2 | 249 -18
23. | feel disorder and confusion while on public| 2.48 1.15 | 544 |26.1 | 194 -35
transport.
24. The public transport service that | use is often | 3.20 1.04 | 244 |381 | 375 13.1
overcrowded.
25. The temperature of the vehicle is comfortable. 3.30 096 | 184 |37.8 |43.8 | 254
26. There is sufficient airflow in the vehicle. 3.22 1.00 | 23.4 |34.7 | 419 18.5
27. Itis difficult to find a seat. 3.08 1.05 | 29.5 |35.6 | 34.9 5.4
Ease of boarding and offboarding
28. | find it easy to get in and out of the vehicle. 3.90 1.02 | 10.1 |18.1 [ 719 | 61.8
29. | have enough time to board the vehicle. 3.85 0.91 8.5 18.8 | 72.6 | 64.1
30. | would need assistance when boarding the vehicle. 1.98 1.08 | 73.2 | 16.3 | 10.6 | -62.6

Safety during boarding, offboarding, and travel

31. | feel safe when boarding a public transport vehicle. 3.64 099 | 12.3 | 259 | 61.8 | 495

32. | feel safe when offboarding a public transport | 3.74 0.91 8.2 |27.1 |647 | 565

vehicle.
33. I feel safe when travelling in a public transport vehicle. | 3.61 1.02 | 141 |24.1 | 619 | 47.8
34. | fear falling over during acceleration or braking. 2.64 1.18 | 48.8 | 25,5 | 25.7 | -23.1
Safety against violent behaviour from passengers
35. I have experienced hostile behaviour on board. 2.82 1.23 | 429 | 23.6 | 335 9.4

36. I don't think anyone would intervene if | were a victim | 3.26 1.03 | 224 |351 | 426 | 20.2
of hostile behaviour.

37. | would not intervene in case of conflict between | 2.79 1.00 | 379 |40.8 | 213 | -16.6
passengers.

38. | trust that most passengers will behave | 3.53 1.00 | 14.8 | 24.8 | 604 | 45.6
appropriately.

Use of technology to enhance public transportation
experiences
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Response rate (%)
Category/Item Mean | SD D N A A-D
39. | would allow my smartphone to share my location | 2.99 1.20 | 32.7 | 305 | 36.8 4.1
with public transport service providers (in a way that
does not misuse my personal information) to
improve safety on the roads for both passengers and
pedestrians.
40. | would like a service reporting occupancy on the next | 3.48 1.00 | 13.5 [ 346 | 519 | 384
vehicle.
41. | would use an informational mobile application to | 3.45 1.09 | 169 |28.0 | 55.1 | 38.2
assist me in public transport service use.
42. | would like a service informing pedestrians about the | 3.35 1.03 | 174 |36.5 |46.1 | 28.7
immediacy of a vehicle (such as a tram or bus)
approaching.
43. Access to a button to call for assistance would be | 3.43 1.00 | 143 |[353 | 504 | 36.1
useful for me.
44. It would be helpful to have a system that directs me | 3.08 1.08 | 26.7 | 375 | 35.7 9
to where | should enter the vehicle.
Use of public transport as a tourist
45. | always know the specific ticket | should buy. 2.92 1.21 | 38.1 |26.7 | 35.2 -2.9
46. | always know how to buy the ticket | need. 3.07 1.20 | 33.2 | 25.6 | 41.2 8
47. | understand well how the ticket fares correspond to | 2.95 1.17 | 35.1 |30.0 | 34.9 -0.2
the area or distance travelled.
48. | know how to buy the cheapest possible ticket. 2.83 1.18 | 40.0 | 29.9 | 30.0 -10
49. | find information regarding how to use the public | 3.17 1.11 | 259 |32.2 | 419 16
transport system readily available.
50. Public transport is convenient to use. 3.42 1.05 | 16,5 [ 319 | 516 | 351
51. There is enough space for my needs in a public| 3.19 099 | 204 | 426 |37.0 | 16.6
transport vehicle (my wheelchair/ and my objects/ in
my allocated seating).
52. I am aware of the places reserved for passengers with | 3.47 1.04 | 16.8 |[29.1 |54.1 | 37.3
special needs.
53. The information regarding public transport is | 3.18 1.02 | 22.2 | 395 | 383 16.1
distributed in a way that anyone can always
understand it.
54. | depend a lot on the kindness and help of local users | 2.89 1.14 | 34.8 |33.6 | 315 -3.3
to achieve my travel goals.
55. I don't fully understand how public transport works in | 3.20 1.09 | 23.6 |[35.2 |41.2 17.6
other countries.
Autonomous public transport
56. | would feel comfortable using autonomous public | 2.59 1.14 | 426 |385 | 189 | -23.7
transport (that is, without the need for a driver).
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Response rate (%)
Category/Item Mean | SD D N A A-D

57. | would expect more accessibility problems if using | 3.04 1.09 | 25.4 | 43.7 | 30.9 5.5
autonomous public transport (that is. without a
driver).

58. | would feel unsafe using autonomous public| 3.37 1.14 | 20.7 [ 34.4 | 449 | 24.2
transport (that is, without a driver).

59. | would expect autonomous public transport (that is, | 3.32 1.02 | 16.5 | 43.4 | 40.1 23.6

without a driver) to be less responsive to my needs.
Note. D: Disagreement responses; N: Neutral Response; A: Agreement responses; A-D: the difference between agreement responses
and disagreement.

The mean responses across items ranged from 2.5 to 3.5, reflecting a moderate level of agreement or
satisfaction on average. However, the response patterns varied significantly among the items. While some
items exhibited symmetrical response distributions, others were moderately or strongly asymmetrical. For
instance, in some cases, the difference between agreement and disagreement responses was less than 20
points, whereas in others it reached up to 60 points. Table 4 categorises the items by their level of asymmetry.

Most items (26 out of 59; 44.1%) showed a symmetrical distribution of responses. A significant proportion (17
out of 59; 28.8%) exhibited a moderately negative symmetrical distribution, indicating higher agreement rates
compared to disagreement rates. Conversely, a smaller number of items (4 out of 59; 6.8%) showed a
moderately positive symmetrical distribution, where disagreement rates exceeded agreement rates. Finally, a
few items displayed strong asymmetrical distributions, with 9 out of 59 (15.2%) being strongly negatively
skewed and 3 out of 59 (5.1%) strongly positively skewed.

Table 4: Grouping of items according to the magnitude of the difference in response rate between agree and disagree

responses.
The magnitude of the difference in response rate Item
between agree and disagree responses

Higher than -40% and lower than -65% 15, 23, 30

Higher than -20% and lower than -40% 6, 14, 34, 56

Higher than -20% and lower than 20% 2,3,12,13,16,18, 19, 20, 22, 24, 26,
27,35,37,39, 44,45, 46,47, 48, 49, 51,

53,54,55, 57,
Higher than 20% and lower than 40% 1,5,7,9,10,11,17, 25, 36, 40, 41, 42,
43,50, 52, 58, 59
Higher than 40% and lower than 65% 4,8,21, 28, 29,31, 32, 33,38

The results of items with positive, strongly skewed responses are particularly noteworthy, as they emphasise
aspects of public transportation that are functioning effectively and are largely not perceived as problematic
by most participants. The findings revealed that participants did not identify significant challenges in three
specific areas of public transportation: assistance, comfort, and ease of boarding and alighting. Regarding
assistance, participants generally did not report substantial difficulties with seasonal accessibility, as reflected
in the item “lI face specific difficulties when using public transport during different seasons (i.e.,
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summer/winter)”. Similarly, concerns about how the environment or conditions within the transport system
contribute to feelings of chaos, making the experience less comfortable or predictable for users, were not
prevalent, as evidenced by the item “I feel disorder and confusion while on public transport”. Finally, the
results suggest that the need for boarding support was not a common issue, as shown by the item “I would
need assistance when boarding the vehicle”.

Equally important as the items with strongly positive skewed responses are those with strongly negative
skewed responses, as they offer valuable insights into the aspects of public transportation that users perceive
as particularly satisfactory. These items underscore areas where services are effectively meeting or exceeding
user expectations, highlighting strengths that can serve as benchmarks for maintaining and further enhancing
overall quality. Information clarity was a notable strength, as participants found it easy to follow visual
information and instructions on board, agreeing with the statement, “I find it easy to follow all information
and instructions given in visual format on board”. Similarly, users found clarity in understanding seating
arrangements, as expressed in the item, “As a passenger, it is easy for me to know what type of seat | can sit
in or not”. Comfort was also highlighted positively, with participants agreeing that “Public transport is
convenient to use”.

The ease of boarding and alighting received also favourable responses, with users indicating concurrence with
the statements “I find it easy to get in and out of the vehicle” and “l have enough time to board the vehicle”.
Safety during the travel experience emerged as a significant strength, with participants expressing feelings of
safety during boarding, alighting, and travelling. Agreement was strong for statements such as “I feel safe
when boarding a public transport vehicle”, “I feel safe when offboarding a public transport vehicle”, and “I
feel safe when travelling in a public transport vehicle.” Additionally, users expressed trust in the behaviour of

other passengers, agreeing with the statement, “I trust that most passengers will behave appropriately.”

These findings indicate that public transportation services are performing well across all evaluated
dimensions, with no evidence of critical shortcomings. However, there remains scope for improvement, as
most items elicited neutral responses, indicating neither satisfaction nor dissatisfaction. This neutrality
highlights opportunities to enhance user experiences and foster stronger positive perceptions. The results of
this study offer invaluable information to guide public transportation service providers in implementing
measures to improve service quality. By addressing latent user needs and leveraging the strengths already
identified, these findings provide a clear roadmap for targeted actions that can enhance the overall user
experience and increase satisfaction. This evidence-based approach ensures that efforts are directed toward
the most impactful areas, fostering continuous improvement and better alignment with user expectations.

3.3 Profile of the habitual user of public transport

This section analyses which specific PT user profile, considering the general sample, best predicts their
frequency of use. To do this, a series of Welch's one-way analyses of variance [4] were conducted to compare
the mean frequency of PT use across sample characteristics. The Games-Howell post-hoc test [5] was used for
multiple comparisons to identify group differences (see Table 5 for results). These analyses were used as they
are robust to unequal variances and sample sizes. For all analyses, p-values less than 0.05 were used to
determine statistical significance. To facilitate the interpretation of the results, groups that did not differ
significantly were assigned the same superscript letter, while groups that differed significantly were assigned
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different superscript letters. This labelling system is presented in Table 5 to indicate the statistical relationships
among the groups.

Table 5: Welch's one-way analysis of variance for each characteristic of the sample comparing groups based on the
frequency of public transport use, and Games-Howell post-hoc tests.

Category/Variable F df1 df2 p Group Mean
Demographic characteristics
Male ® 2.30
Gender 1.55 1 2139 213
Female?® 2.24
No studies ® 2.50
Primary studies ° 2.11
Education level 22.7 4 54.0 | <.001 Secondary studies * ¢ 2.42
Vocational studies *° 2.02
University studies * ¢ 2.52
<1000 euros ? 2.24
Household income 5.70 2 501 0.004 1000 - 3000 euros *° 2.35
> 3000 euros >°© 2.17
Type of disability
No @ 2.29
None 12 1 683 .726 .
Yes 2.27
; No @ 2.27
Hearing 2.84 1 126 .094 a
Yes 2.44
. No @ 2.27
Vision 0.95 1 215 .329
Yes ? 2.36
. No * 2.30
Mobility 8.08 1 315 .005
Yes® 2.08
. No @ 2.28
Wheelchair .52 1 15.2 481 .
Yes 2.06
Severity of disability
None ? 2.26
Severity of disabilit 2.27 3 191 082 Mild * 2:44
everity of disability . . Moderate ? 517
Severe ? 2.25
Type of public transport most used
Bus @ 2.32
i i Tram?® 2.66
Type of public transportation most 61.0 3 653 | <001 i
used Metro 2.77
Train ¢ 1.85
Country
Country 312 | 3 [ 1225 | <001 | Austria ° 2.30
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Category/Variable F df1 df2 p Group Mean
Finland ® 1.90
Germany ?® 2.30
Spain ¢ 2.52
Transportation needs satisfied
No ? 1.86
Work 546 1 1679 | <.001
Yes® 2.92
. No ? 2.21
Studies 137 1 216 | <.001
Yes® 3.11
. No ? 2.36
Leisure/Sports 7.65 1 1796 .006 b
Yes 2.22
No ? 2.15
Errands 29.4 1 2261 | <.001
Yes® 2.41
Type of autonomous transport used
. No ? 2.20
Train 64.2 1 344 <.001
Yes® 2.81
No ? 2.22
Tram 65.2 1 200 <.001
Yes® 2.94
No 2.19
Bus 95.8 1 343 | <.001
Yes® 2.90
No @ 2.18
Metro 106 1 412 <.001
Yes® 2.87
No @ 2.21
Car 59.5 1 285 | <.001
Yes® 2.83
. No ? 2.22
Taxi 67.8 1 195 <.001
Yes® 2.95
i No ? 2.83
No/I don’t know 189 1 964 | <.001 -
Yes 2.09
Current smartphone habits
. No ? 2.43
Phoning 3.97 1 239 .047
Yes® 2.26
. No? 2.32
Messaging .29 1 254 .589
Yes ? 2.27
. . No ? 2.06
Social media 26.5 1 950 | <.001 5
Yes 2.34
No ? 2.21
Buy and pay 3.56 1 1583 | .059
Yes? 2.31
) No ? 2.17
Games/Entertainment 21.1 1 2260 | <.001
Yes® 2.39
No ? 2.27
Others .04 1 401 .848
Yes? 2.29
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Category/Variable F df1 df2 p Group Mean
Use of mobile application for PT
i icati No ? 1.80
Use Qf mobile app‘llcatlons for 167 1 2265 | <001
public transportation Yes® 2.75

Note. F = Fisher's F ratio; df; = degrees of freedom for the numerator; df, = degrees of freedom for the denominator; p = probability
value indicating the level of statistical significance. Groups that differed statistically, as identified by the Games-Howell post-hoc tests,
were assigned different letters from a to c, while groups that did not differ significantly were assigned the same letter.

The analyses of variance revealed significant differences across multiple variables, showing that the frequency
of public transport use varies based on sample characteristics.

Differences were observed by education level. Participants with primary studies (M=2.11) reported lower
scores on PT use than those with secondary studies (M=2.42) and university studies (M=2.52). Similarly,
participants with vocational studies (M=2.02) scored lower than those with secondary or university education.
Household income was another important factor. Participants earning between €1,000 and €3,000 (M=2.35)
reported higher scores on PT use than those earning more than €3,000 (M=2.17).

Mobility disabilities were also related to public transport use. Participants without mobility disabilities
(M=2.30) reported higher scores compared to those with mobility disabilities (M=2.08).

Regarding the type of public transportation most used, bus users (M=2.32) had lower scores than tram users
(M=2.66) and metro users (M=2.77), while train users (M=1.85) reported the lowest scores.

Public transport use also varied across countries. Participants in Spain (M=2.52) reported the highest scores,
while Austria (M=2.30) and Germany (M=2.30) had moderate scores, and Finland (M=1.90) reported the
lowest scores.

The purpose of commuting was also linked to PT frequency. Users travelling for work (M=2.92), studies
(M=3.11) or errands (M=2.41) reported higher scores compared to those not using PT for these purposes. In
contrast, users commuting for leisure and sports had lower scores (M=2.22) than users not commuting for this
reason (M=2.36).

Autonomous transport usage was strongly associated with public transport frequency. Participants who used
autonomous options consistently reported higher scores than non-users. Specifically, train users (M=2.81) and
tram users (M=2.94) had higher scores than their non-user counterparts (M=2.20 and M=2.22, respectively).
Similarly, bus (M=2.90), metro (M=2.80), car (M=2.83), and taxi (M=2.95) users reported higher frequencies
compared to non-users. Interestingly, participants who responded “No/I don’t know” (M=2.09) had lower
scores than those who provided an affirmative response (M=2.83).

Smartphone habits also played a key role. Participants using their smartphones for phoning reported lower
scores on PT use (M=2.26) compared to those who did not (M=2.43). In contrast, social media users (M=2.34)
and those using smartphones for games and entertainment (M=2.39) scored higher on PT use than non-users
(M=2.06 and M=2.17, respectively).

Finally, significant differences were observed in the use of mobile applications for public transportation.
Participants using these applications reported lower scores (M=1.80) compared to non-users (M=2.75).
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A Pearson correlation was conducted to examine the relationship between age and public transport
frequency. The analysis revealed a significant negative correlation (r=-.19, df= 2260, p<.001, 95% CI [-.15,
-.23]), indicating that as age increased, the frequency of public transport use decreased.

In summary, frequent PT users tend to be younger and are more likely to have higher education levels
(secondary or university studies), moderate incomes (between €1,000 and €3,000), and no mobility
disabilities. They often use trams or metros as their preferred mode of public transport, live in Spain, and
primarily travel for work or studies. Additionally, they have experience with autonomous taxis or trams, use
their smartphones for games and entertainment and to follow social media, and rely on applications for public
transportation.
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4 The focus groups

The focus group method involved structured workshops with diverse participant groups to address specific
public transport issues through a sequence of problem identification, solution exploration, and contextual
scenario discussion. A standard focus group workshop lasts between one and two hours and includes at least
six participants (typically between 8 and 12 participants), as well as a moderator (who directs the process, asks
guestions, assigns turns) and an observer (who observes how the activity develops and ensures that nothing
is left unasked or clarified). Typically, focus group sessions are recorded in audio format. This record is then
anonymised and transcribed, forming the substance of the subsequent qualitative analysis.

4.1 Contents and structure

This section describes how the appropriate focus group workshop was organised for our purposes. Basically,
these are sessions that incorporate three main blocks, each of which addresses a specific topic through a series
of questions. These questions follow a sequence in which three parts are distinguished: A) a problem is posed
to the workshop group, B) they provide solutions from their point of view, and C) the context is clarified (for
example, what would happen in this or that case if there was no driver or company staff). Appendix 3 includes
all the questions broken down by blocks and themes, depending on the country and the use case analysed.

4.2 Procedure: an overview per country

This section describes the particular conditions under which each country has carried out the focus group task,
including the number of focus groups, how many people participated per focus group, their characteristics,
the time dedicated to the activity and the main impressions obtained in the workshop by the people who
acted as moderators and observers. All participants from the different countries were evaluated according to
the main criteria established by the OptiPEx WP2 working group, that is, being over 18 years old, being a tram
or bus user for at least 6 months and participating voluntarily (without any type of monetary payment).

4.2.1 Austria
Session 1: Public Transport Operator

This session was attended by two managers from Linz Linien GmbH, the public transport operator for Linz.
Given the small number of participants, the approach was adjusted to an in-depth interview format, as a focus
group was inappropriate. The primary objective of the session was to introduce the goals of the OptiPEx
project, align expectations, explore collaboration opportunities, and establish a formal framework for sharing
information between OptiPEx and Linz Linien GmbH. The session followed this structure:

Overview of OptiPEx’s objectives, scope, and use cases.
Q&A session regarding Linz Linien GmbH’s involvement in the project.
Q&A session focused on the use cases.

il

Q&A session addressing legal and formal requirements.

Session 2: University Students
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For this session, eight university students (four females, four males), aged 27 to 35, were recruited. All
participants reported using the tram at least weekly, with most stating they used it daily. The focus group was
structured as follows:

1. Overview of OptiPEx’s objectives and scope.
Presentation of discussion rules.
UC3 - Pedestrian to Vehicle Communication / Collision Warning System:
- Discussion of the problem.
- Exploration of possible solutions.
- Concerns about sharing personal location data.
4. UCA4 - Passenger Distribution Optimization:
- Discussion of the problem.
- Exploration of possible solutions.
- Concerns regarding CCTV recordings.
5. UC2 - Improving on-board safety with anomaly detection:
- Discussion of the problem.
- Exploration of possible solutions.
- Discussion of the driverless scenario.
6. Final recap and summary of insights.

This format ensured a thorough exploration of key issues, while addressing participants' concerns and
encouraging solution-oriented discussions.

Session 3: Visually impaired people

For this session, seven persons with different grades of visual disabilities and one companion person (non-
visually impaired) were recruited. The grade of visual impairment varied from moderate to severe, with 5 of
the participants presenting severe visual impairment. The age range was between 23 and 71 years old, with 5
male participants and 3 females. The structure of the session was like the one used in session 2, with some
special requirements due to the special needs of the target group:

e Phrasing: Use clear and concise language that does not require visual cues. Avoid terms such as "see"
or "look" and replace them with more inclusive terms such as "perceive" or "recognise”.

e Include technical actors: Additional questions that explore the role of assistive technologies and their
interaction with participants. Reflections on how technologies (e.g., acoustic signals or tactile aids)
influence social practices.

e Sensory perception: Consideration of enhanced auditory, tactile, or olfactory perception.

4.2.2 Finland

Study participants were recruited from local associations for disabled and older people, Nysse lab® for
customer-centric service development in Tampere public transport and VTT Tampere personnel (user
representatives), as well as OptiPEx partners' professional network (Public Transport Provider

3 https://www.nysse.fi/nysselab.html
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representatives). Participants were screened against the criteria laid down by the OptiPEx WP2 workgroup
and provided with an information package (Information for research participants, Privacy Notice, List of
statistical data items collected in the study, and Consent form) prior to the session. The study was carried out
as three 2-hour focus group sessions: one for the Tourist passenger group, one for Mobility-impaired and
Adults with large objects passenger groups, and one for Public Transport Providers. All sessions were held in
Tampere, on VTT premises, with user group sessions on October 9™ and the Public Transport Providers on
November 1%, 2024. Each session had one moderator/facilitator and at least one observer taking notes and
ensuring that the schedule was being kept. Consent and statistical data were collected on separate sheets of
paper to preserve anonymity. Statistical data was digitised, and physical documents were destroyed. Sessions
were recorded and transcribed, written notes from observers were proofread, and all documented material
was edited to remove any identifiers, after which the session recordings and any additional material from the
sessions were destroyed. Consents will be held in a locked and guarded area by the VTT OptiPEx project
manager until the closing of the OptiPEx project, at which point they will be destroyed.

The protocol for the passenger focus groups is described below:

1. Welcome

- OptiPEx project presentation

- Presenting the focus group topic

- Signing the consent and filling up statistical information:

- Age, Gender, Education, Degree of mobility impairment, Monthly household income, Current
smartphone usage habits, Use of public transport service application with computer or mobile,
Frequency of public transport use, Main mode of public urban transport, Transport-covered
needs, Prior experience with autonomous vehicles

2. Lead-in discussion (why to use public transport and what hinders from using it)

- In-depth discussion (repeated for three journey steps as context: Boarding, Travel on board,
Offboarding)

Presenting the journey step context and the in-depth questions related to it

o 5-minute individual reflection time
o 15-minute group discussion
o 5-minute What-if discussion - thoughts of having an autonomous vehicle in the presented

situation
3. Closing discussion (open/free, no topics given), thank-you's and ending the session.

The protocol for PT providers was as follows:

1. Welcome

- Introductions, signing the consent and filling up statistical information: Gender, Work
title/Position, Number of years in current position, Number of years in current industry/sector,
Professional education, Use of public transport services, Frequency of public transport use, Main
model of public urban transport, Transport-covered needs, Prior experience with autonomous
vehicles

- OptiPEx project presentation

- Presentation of key findings from the passenger focus group sessions
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2. Lead-in discussion (Public transport service development and how passenger perspective is
considered in it, Current plans for public transport service and technology development)
3. In-depth discussion
- 10-minute discussion of trends affecting public transport service and technology development
o 15-minute discussion each, of
o Boarding - how it works now, how will it change in 2030
o Travel on board - what is needed and provided now, and how will it change in 2030
o Offboarding - how it works now, and how will it change in 2030
- 10-minute discussion of
o Impediments and hindrances to public transport development
o Role of autonomous vehicles in public transport evolution
4. Closing discussion ("If there were no limits, what would be the vision of public transport service"),
thank-you's and ending the session.

4.2.3 Germany

In Germany IAV GmbH contacted various local associations (Table 1) for people with impairments, as well as
representing passengers with varying needs and local public transport providers via e-mail or by calling them
if there was a public phone number. The research attempt was spread via social media, local groups, and via
university (e.g., pin wall, college for older people). Some of the initial contacts spread the search for
participants.

A total of four focus groups were conducted. Three of these sessions were held on-site at the premises of IAV
GmbH in Chemnitz, while one focus group was conducted online following requests from individual
participants. The focus groups included 15 participants (8 male, 7 female) ranging in age between 24 and 75
years, categorised as follows: three individuals who are blind (two were also representatives of the local
association for blind people), one individual with mobility restrictions (wheelchair user), three representatives
of public transport operators, one representative of disabled people/senior citizens, three senior citizens, and
four tourists. It is noteworthy that two participants did not show up unexpectedly. Participants were selected
so that they would satisfy the selection criteria as well as possible (see Section 4.2).

In each session, the IAV team consisted of two people: a moderator and an observer who took notes. Each
focus group session lasted between 2 to 2.5 hours. Participants were provided with drinks, coffee, and snacks
to ensure a comfortable environment.

Before the focus group started, participants signed the data protection and participant information forms and
filled out a demographic questionnaire. The moderator then presented the OptiPEx project using a PowerPoint
presentation and introduced the topic with an overview of accessibility in the city of Chemnitz or, for tourists,
impressions about different public transport solutions worldwide. After a brief individual introduction by each
participant, the recording was started, and the first scenario was initiated.

Three scenarios were discussed during each session (see Appendix 3 for an overview of the different questions
raised):

1. Boarding a public transport vehicle
2. Behavior in exceptional situations/anomaly detection
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3. Optimising passenger distribution.

4.2.4 Spain

Two focus groups were carried out on 19" of November 2024 in Zaragoza, one of them composing three
targeted groups of fragile passengers - physical and mobility disabilities, visual disabilities, and older people -
and the other one consisting of student passengers. In addition, a Public Transport Provider group member of
Tranvias de Zaragoza participated in both meetings.

The participants in the fragile group were selected through collaboration with local associations (ONCE, DFA,
Oficina del Mayor, see Section 2 for associations). The session took approximately two hours, including a 5-
minute break. A total of 3 mobility-impaired passengers (3 representatives with wheelchair, one with balance
difficulties), 3 pensioner passengers (two pensioner representatives and a representative from local
government) and 5 visually impaired representatives participated. Out of the 11 participants, 6 were female
and 5 were male, who were between 45 and 75 years old, and all of them were regular tram users (weekly or
daily).

The protocol for the passenger focus groups is described below:

1. Introduction: lead-in presentations including key highlights from the passenger focus groups, signing
consent and collecting statistical information (age, gender, education level, frequency of use,
preferences, purpose of using public transport and the use of apps for public transport navigation).

2. Introductory discussion that included warm-up questions about the most used public transportation
and the use of mobile apps for public transport.

3. In-depth discussion. There were three blocks which were divided into three scenarios - problem or
situation, solutions and what if... (situation without driver):

- Boarding a public transport vehicle (20-minute discussion).
- Anomalies detection (20-minute discussion).
- Optimization of the distribution of the passengers (20-minute discussion).

4. Closing discussion thatincluded a space for anyone who wanted to add something further, a summary,
and a thank-you to the participants.

For the focus group in which students participated, a general call was made through the usual channels at the
university through students' delegations. A total of 6 students took part, 4 male and 2 female, all of them 20
years old, all regular tram users (daily).

The protocol for the passenger focus groups is described below:

1. Introduction: lead-in presentations including key highlights from the passenger focus groups, signing
consent and collecting statistical information (age, gender, education level, frequency of use,
preferences, purpose of using public transport and the use of apps for public transport navigation)

2. Introductory discussion that included warm-up questions about the most used public transportation
and the use of mobile apps for public transport
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3. In-depth discussion. There were three blocks, which were divided into three situations - problem or
situation, solutions, and situation without driver -.
- Interaction between the pedestrian and the tram (20-minute discussion).
- Anomalies detection (20-minute discussion).
- Optimization of passenger distribution (20-minute discussion).

4. Closing discussion that included a space for anyone who wanted to add something further, a summary,
and a thank-you to the participants.

4.3 Data analysis

The analysis of the raw material after the focus group sessions involves a series of steps, including transcribing
audio into written material, assigning codes to verbal strings (coded sentences), creating categories (groups
of codes that reflect the same or similar content) and the identification of themes (more complex ideas that
normally include several categories). Once the main themes have been identified and named, we can define
what they represent and how they relate to each other.

To present the first results, we are going to focus the analysis on two elements. On the one hand, the three
basic blocks (problem, solution, alternative) into which the questions are divided for each of the participants
in focus groups (fragile passengers, students, tourists, etc.). On the other hand, in each participant group, the
four UCs (vehicle access, anomaly detection, pedestrian-vehicle conflicts, and passenger distribution) are
specifically explored. This analysis will give us a first overview of the categories and themes observed in the
participants' comments and responses in the focus group task. Further analysis of the FG transcriptions will be
elaborated and published in the following months.

4.4 The focus group activity in four countries: main results

This section describes the process of transforming the information obtained in the focus group task in each
country, starting with the 3-block structure of questions adopted in the focus group activity and analysing
which categories and themes emerge and how they interrelate.

4.4.1 Focus groups categories and themes identified in Austria

The first session was held with the public transport operator in Linz, Austria. The highlights of the session
regarding use cases are summarised below:

e UC3 - Pedestrian to Vehicle Communication: it is of particular interest in areas where pedestrians and
trams share the same space (Around the main square, downtown and country road).

e UC4 - Passenger Distribution Optimization: This would be advantageous, especially at busy stops
during peak hours (e.g., the main station). However, it might not be that useful in countries without a
“line up” culture or first-come first-served (FCFS) regarding public transport, which is the case in
Austria.

Other comments regarding the use of CCTV and their concerns:

e Currently, the CCTV system installed in the trams is only accessed by the police, not even the tram
operators have access to this feed. Also, it is not installed in all the units.
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It is possible to organise data collection and testing campaigns with the trams inside Linz Linien Gmbh
proving grounds.

Every hardware module integrated into the tramway must be certified.

It is difficult for the company to recruit new drivers.

The second session was held with the presence of university students. With regards to UC2 - Improving on-
board safety with anomaly detection, the highlights of the discussion were:

Problem - Current situation: Feeling uncomfortable around homeless or drunk people on public
transport, especially in enclosed spaces like trams, due to their unpredictable behaviour and potential
for violence. Concerns about not being able to defend oneself if something were to happen, especially
when there are fewer people around and late at night. Experiences of disruptive behaviour, such as
shouting, banging on windows, or fighting, causing distress and inconvenience to other passengers.
Situations where the presence of a strong unpleasant odour from a homeless person made the entire
tram car unbearable. Witnessing passengers exploiting a technical issue with the tram doors to
prevent others from boarding, finding amusement in the disruption caused.

Possible solutions: Separating "abnormal"” people like drunk individuals from "normal" people on
public transport may help, e.g., by placing them in a designated area with CCTV monitoring and fines
for disruptive behaviour. However, this approach may be considered politically incorrect in Europe.
An alternative could be having an "emergency button" or a way for passengers to discreetly signal that
something seems off so that someone monitoring the CCTV can keep an eye on the situation.
Collective action by fellow passengers, like politely asking someone to follow the rules (e.g., wearing
a mask), can also help address issues. It can be difficult to determine the right time to intervene, as
the threshold for when action is needed is unclear. Individuals may hesitate to step in, unsure if the
situation warrants it.

The highlights of the session regarding UC3 - Pedestrian to Vehicle Communication were:

Problem - Current situation: Risky situations involving the possibility of tram/pedestrian collisions are
more prone to occur near the main square or downtown, where people are walking across tram tracks
or very narrow corridors close to the trams. Many students feel unsure of how to behave in front of a
stopped tram. Especially when they must cross the tram tracks without a signalled crossing.

Possible solutions: To warn the pedestrians about risky situations the acoustic warning from the tram
is the common approach. However, the acoustic noise can be troublesome to residents or sometimes
people just freeze, and they don’t know how to behave or what to do after an acoustic warning. People
with headphones can miss the warning, so a complementary visual warning can be useful. A push
notification/warning on the smartphone is considered troublesome and slow. In the end, everybody
agreed that the responsibility of avoiding an accident should be on the driver's side (or tram’s side)
instead of on the pedestrian's side, so a warning system to support the driver is probably better.

The main insights of the session regarding UC4 - Passenger Distribution Optimization were:

Problem — Current situation: Most students don't think trams in Linz are overcrowded. Most of them
did not have a problem with standing while travelling by tram. About 80% of the group preferred to
sit while travelling but had no problem with standing.
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e Possible solutions: Most of the students thought that their public transport experience would improve
with an occupancy indicator. Regarding the ways in which such a system conveys information, they
considered the option of a smartphone app or website to be troublesome but cheap. The use of —
Information screens at the tram stops is convenient but probably more expensive. The most
convenient solution for most of them was to use indicators on the door of the tram or the floor of the
tram stop. Students travelling with children found the system extremely useful.

When the participants were asked about concerns related to sharing their smartphone location or the use of
CCTV feed as possible inputs for the solutions to be developed in UC3 and UC4, they mostly expressed no
concern at all. Provided that the data is only used for the intended purpose. Afterwards, some of them
expressed the hypothetical possibility of authoritarian governments using this data for other purposes. One
way to mitigate this concern is to ensure the data is processed on-site and not stored or transmitted
elsewhere.

The participants were also asked about their concerns about a hypothetical driverless tram (Autonomous
Tram):

e Participants express concerns about the lack of a human presence in autonomous trams, as they feel
it would reduce the ability to respond to and manage anomalous or risky situations.

e Some participants suggest having a "supervisor" or "staff" member on board who could intervene or
contact authorities in case of incidents rather than a traditional driver.

e There are doubts about whether autonomous systems would be able to handle complex situations as
effectively as a human driver, at least in the coming future.

e Participants highlight the importance of the driver's role in assisting passengers, such as helping those
with wheelchairs to board the tram.

e Some participants are more indifferent to the presence or absence of a driver, as they have not
experienced significant issues with the current system.

e Suggestions are made to have remote monitoring and communication systems to allow for
intervention in autonomous trams, similar to the current setup.

e Qverall, there is a preference for maintaining some form of human presence or oversight, even if not
a traditional driver, to ensure safety and the ability to respond to incidents.

A third session was conducted with visually impaired people. In this case, the overall highlights of the session
are summarised as:

e UC4 - Passenger Distribution Optimization: Normally the try to be as close as possible to the driver
seat because they one to be able to reach the driver in case of an emergency. They tend to ignore if
the tram wagon is crowded or not.

e UC3 - Pedestrian to Vehicle Communication: They consider themselves as more aware of their
surroundings than non-visually impaired people. Normally, they don’t use headphones or walk while
using the smartphone.

e Most of the tram stops and public buildings in Linz are equipped with a loudspeaker information
system they can activate using a remote control. According to the location, the system can inform
them about the current tram destination, etc. Currently, the system is not always working.
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The extracted information regarding the focus group is graphically summarised in Figure 1.
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Figure 1. Main categories found in Austria (Linz) concerning use case and passenger groups analysed.

4.4.2 Focus groups categories and themes identified in Finland

The focus group study in Finland focused on two use cases: UC1 Automatic on-board assistance for passengers
with special needs, with specific attention to passengers with mobility impairment or travelling with large
objects, but also including tourists, and UC2 Improving on-board safety with anomaly detection. The
contextual focus was boarding and offboarding, and the travel on-board. In addition, the viewpoints of having
autonomous vehicles in these contexts were explored. The results are illustrated in Figure 2.
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Figure 2. Main categories found in Finland concerning use case and passenger groups analysed.

The mobility-impaired passengers and passengers with large objects need assistance (UC1) in various phases
of the journey. The general need for physical assistance to enter and exit the vehicle is especially pronounced
if there is a gap, either horizontal or vertical, between the platform and the vehicle, or if the doorway is narrow.
In addition to assistance, passengers need clear information on how to enter and exit safely, which is
particularly relevant for those with mobility impairments.

Passengers also require assistance with finding and securing a seat or spot in the vehicle where they and their
equipment are protected against the jolts, bumps, and forces from acceleration and deceleration during travel.
Simply locking an object may not be sufficient, so they need guidance on ensuring everything is secure.
Additionally, passengers need ample time to get to their seat or spot and to secure themselves before the
vehicle starts moving.

While inside the vehicle, passengers may need assistance moving around, especially if the route is blocked by
other passengers who might be congregating near the doorway for convenience. It is essential for passengers
to receive information about when and where to exit, including which door to use, so they have time to
prepare. This is particularly important for those who need to unlock wheelchairs or other assistive devices.
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Passengers preparing to exit may need help getting to the door safely while the vehicle approaching to the
stop. They also need to ensure they can re-enter the vehicle and are not inadvertently left at the wrong public
transport stop if they have made a temporary exit to allow other passengers to exit or enter.

The analysis of tourists’ needs for assistance (UC1) revealed several key challenges and requirements. One of
the primary difficulties identified was the language and unfamiliar script or lettering, which often acts as a
barrier to understanding information about routes and stops. Tourists also expressed a strong need to be
aware of their location along the route, particularly in relation to their intended offboarding stop. This is
especially important when navigating unfamiliar routes. Furthermore, tourists emphasised the necessity of
having assurance that they are exiting at the correct stop as planned, as well as needing assistance to avoid
missing their stop. This need becomes critical in situations where they might be tired or distracted during their
journey. Lastly, tourists highlighted the importance of knowing how to signal the vehicle to stop at their
desired public transport exit stop, ensuring a smooth and stress-free travel experience.

The passenger experience in PT can be improved in multiple ways. The on-board safety with anomaly
detection (UC2) is a versatile topic as the focus group insights show. It is essential to identify anomalies that
can cause environmental discomfort, such as uneven vehicle motion, constant switching between acceleration
and deceleration, jolts, bumps, vibrations (especially for those with chronic nerve pain), loud and continuous
noise, strong scents and smells, crowdedness, drastic differences between outdoor and in-vehicle
temperature, and poor in-vehicle air quality. The importance of a comfortable temperature was highlighted
by the PT provider group. Even though the lighting and temperature are being controlled, especially the
temperature is a recurring topic for complaints during spring and fall. Also, crowdedness is a known challenge,
which is already somehow measured and is partially due to the human tendency to move in packs.

The PT provider group identified two perspectives on safety: actual danger/safety issues and feeling of safety.
Both aspects should be considered. Based on the focus group insights, the behavioural anomalies that make
passengers feel uncomfortable, unsafe, or even threatened should be identified. These include meddlesome
behaviour, such as begging, noisy behaviour, rowdy or unruly behaviour, and aggressive behaviour. Situations
that require quick help or immediate action, such as targeted harassment or aggression, bouts of illness or
stroke, accidents, or potential harm or injury, need to be swiftly addressed. The PT provider group suggested
using light and soundscape design to support safety and security.

For mobility-impaired passengers and those with large objects, it is important to ensure that seats or spots
dedicated to passengers with special needs are vacated if occupied, and to prevent other passengers from
using mobility assisting equipment or large objects for support during unexpected vehicle movements, as this
may cause instability or accidents.

To ensure safety and comfort during travel, it is crucial to mitigate anomalies that can lead to environmental
discomfort or potential harm also in autonomous vehicles. For instance, increased remote sensing technology,
while beneficial, must be carefully managed to avoid intruding on passengers' privacy. The reliability of such
technology is also essential, as any breakdowns could cause significant problems or even harm. Additionally,
the absence of a human operator may lead to increased instances of misbehaviour among passengers, as there
is no immediate authority present to enforce rules and provide assistance. The PT providers are gradually
transitioning to more autonomy with the goal of removing the drivers. However, first there will be multiple
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assistive tasks taken over by automated solutions and only in distant future the service will be fully

autonomous.

In addition, the PT provider study raised the importance of the systematic collection of feedback, as passenger
satisfaction needs continuous attention and development. The passenger feedback is currently supported by
the driver's observations. New services are often co-created with passenger representatives.

These findings underline the importance of developing solutions that address the pain points, helping to
improve the overall accessibility and usability of public transport for the specific target groups, with solutions

benefiting all the passengers in the end.

4.4.3 Focus groups categories and themes identified in Germany

The challenges associated with boarding public transport were discussed in detail in the focus groups. The
problems are shown in Figure 3 and possible solutions to the problems are presented below.
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Figure 3. Main categories found in Germany concerning use case and passenger groups analysed.
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UC1: Boarding a Public Transport Vehicle

To improve accessibility, the introduction of a unified and clear ticketing system was proposed. This system
would simplify the operation of ticket machines and facilitate the use of public transport for all passengers.
Regulations and standardised procedures at stops and in vehicles are also crucial. For instance, each bus should
always stop at the same precise location at a stop, and at stops served by several buses, each bus must stop
at the designated boarding area for blind individuals to aid their orientation. The structural design of stops
and vehicles plays a decisive role. The elimination of steps and gaps through the expansion of stops and the
acquisition of suitable vehicles is necessary to facilitate access for wheelchair users and individuals with limited
mobility. Ramps that can be used by wheelchair users without assistance should also be available, and they
should also be allowed to enter the vehicle in a construction site situation. In case no driver is available, such
solutions are needed to tackle the lack of assistance when on-boarding.

To further improve accessibility and facilitate orientation, the doors of the vehicles should be colour-coded.
Clear and highly visible line markings, as well as directions in both German and English, are necessary to
facilitate orientation at the stations. Information should be presented in large, easily readable text to ensure
that visually impaired individuals can access the necessary information. A potential guidance system, also
available via an app, can further ease navigation and the use of public transport for all passengers. In the
vehicles, acoustic announcements regarding the actual bus/tram line help and must be loud enough and clearly
understandable to convey the necessary information for orientation.

To address the fear of getting trapped between the doors, reactive doors, sensitive enough to detect a white
cane and prevent entrapment, are an important measure to enhance safety.

In situations where no driver is present, the ability to ask questions and receive support must be ensured for
passengers. Thus, a crucial element is the implementation of a communication system with a control centre
staffed by a real person.

UC2: Anomaly Detection

To improve safety in unforeseen situations, the following solutions were developed in the focus groups. A
unified emergency system is essential to ensure passenger safety in unforeseen situations especially in
automated, driverless vehicles but also in all other public transport vehicles. This includes the installation of
emergency buttons that connect directly to a control centre, allowing direct contact with a real person. These
emergency buttons need to be clearly labelled, including tactile markings for blind passengers, to ensure they
can be easily located and used in an emergency. In some cases, there was also a desire for video transmission
to provide additional reassurance.

Additionally, it was suggested that a service phone number should be displayed inside the vehicle so
passengers can call if necessary. This provides an alternative means of communication in case the emergency
button is not accessible or functional. Standardised procedures for handling emergencies are crucial to ensure
a consistent and effective response. This includes the implementation of interior surveillance and automatic
detection systems for emergency or exceptional situations, particularly in vehicles without a driver. Such
systems can help identify and respond to emergencies more quickly and efficiently.
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According to the participants, all announcements within the vehicle should be clear, understandable, and loud
enough to ensure that all passengers, including those with hearing impairments, receive the necessary
information. It is also imperative to provide information, both visually and audibly, if the route deviates from
the planned course. This information should be provided before the last regular announcement to give
passengers adequate time to react. Visual information must be displayed in a sufficiently large format to
ensure that it is easily readable by all passengers, including those with visual impairments. This includes clear
and prominent signage for emergency exits, instructions, and other critical information. These measures
collectively contribute to improving safety and accessibility in public transport, ensuring that all passengers
are adequately informed and supported in unforeseen situations.

UC4: Optimization of Passenger Distribution

The focus group also thoroughly discussed the challenges associated with optimising passenger distribution.
To enhance efficiency and passenger comfort, several innovative solutions were proposed. Participants
expressed concerns about potential information overload, suggesting a balanced approach to information
dissemination. One proposed solution was the implementation of a space display system like those used in
parking lots, providing clear visual cues about available spaces.

Additionally, a colour-coded display system at the doors, akin to traffic lights, was recommended to indicate
the availability of space inside the vehicle. Another suggestion was to use a traffic light system embedded in
the station floor to guide passengers to less crowded areas. It was noted that occupancy displays are
particularly useful for large vehicles such as trains, where space management is more critical. Instead of
providing exact numbers, an approximate indication of how full a wagon is, was deemed sufficient to help
passengers make informed decisions. Announcements directing passengers to move further or indicating
where free spaces are available were also recommended to improve distribution.

Another potential solution discussed was the development of a unified mobile phone app that displays the
vehicle's occupancy before the journey begins, allowing passengers to plan accordingly. Furthermore, it was
suggested that automated vehicles should be capable of recognising when passengers are still looking for
space and should not depart prematurely. Among the 15 participants, only one person expressed concerns
about video surveillance, preferring an alternative technology if feasible.

4.4.4 Focus groups categories and themes identified in Spain

The four target groups in Spain were conducted across two separate sessions, one for fragile passengers and
the other one for students, during which various UCs and questions were tackled (see the questions issued in
Appendix 3).

The main results concerning the group of fragile participants (visually impaired, mobility-impaired, older
people) are displayed in Figure 4, showing difficulties and solutions related to the different use case situations
addressed. The darker coloured areas represent those problems (written in normal text) or solutions (in italics)
that have been raised by any of the three participant types (red dot for mobility-restricted passengers; blue
for visually impaired; pink for seniors) in more than one UC. For example, the darker area between UC1
(automatic on-board assistance) and UC4 (optimising passenger distribution) includes three main categories
of comments. One of these categories is “overcrowding, pushing, collisions”, as this was mentioned in both
use cases. The red dot indicates that this issue was raised by mobility-impaired passengers as a problem to
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Figure 4. Main categories found in Spain concerning use case and passenger groups analysed (fragile).

Figure 5 presents the difficulties and solutions provided by the student focus group, along with the common
aspects shared with the fragile group. Additionally, perspectives on the use of autonomous vehicles in these
contexts were examined.

All in all, results show difficulties in accessing the tram and determining its occupancy due to the following
factors:

e Qvercrowding inside the tram.

o Insufficient door opening time.

e Tram stops at different heights.

e Worn tactile paving.

e lLack of appropriate acoustic and visual signals.
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Figure 5. Main categories found in Spain concerning use case and passenger groups analysed (students).

In addition, a few situations have been identified that may improve passenger comfort, safety, and distribution
on the tram:

e Increased use of acoustic and visual signals providing information about the occupancy of carriages,
the location of exit doors and spaces reserved for groups of people.

e More grab handles inside the tram.

e Establishment of an exclusive space for wheelchair users.

e Improving seat quality.

e Temperature adjustments.

e Gradual increase in tram speed.

Furthermore, areas for improvement have been detected related to various anomalous situations that could
occur on the tram:

e Inappropriate comments.
e Potentially dangerous crossings with cars, pedestrians or trams, which could cause accidents.

To address the issues related to these anomalies, the following solutions are proposed:
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e Increase acoustic and visual signals at these crossings.
e Improve the tram’s safety systems (e.g., optimising the brakes).
e Ensure a quick response to emergency situations (fainting, low blood pressure, etc.).

The group, composed of older people and physically and visually impaired persons, negatively assessed the
absence of a driver on the tram. They suggested that, in the absence of a driver, a person should be included
to optimise passenger distribution and manage potential anomalous situations that represent a danger. On
the other hand, the student group perceived the lack of a driver as a threat to road safety.

Finally, while the fragile group viewed the use of surveillance cameras positively, considering it an
improvement in comfort, safety, and accessibility, some students expressed concerns about privacy and did
not believe it would enhance the quality of the trip.

4.5 Main dimensions detected in the focus group workshops

In the previous section, we have shown a synthesis of the main findings obtained in each country. Although
there is still a more specific task to be carried out based on the workshop transcripts, in this section, we will
summarise the fundamental aspects observed so far, focusing on three aspects: a) the problems identified, b)
the solutions, and c) the attitudes towards certain innovations.

Coming to the main problems observed, there are several common issues emerging across countries. With
regards to safety and comfort concerns, disruptive behaviour of passengers causing discomfort or distress
(Austria, Finland, Spain), fear of accidents or unsafe conditions due to pedestrian-tram interactions or vehicle
malfunctions (Austria, Finland, Spain), and also overcrowding, pushing, or collisions inside trams (Austria,
Spain). With regards to accessibility challenges, difficulties for boarding/offboarding vehicles have been
noticed, particularly for mobility-impaired individuals or passengers with large objects (Finland, Germany,
Spain), and insufficient information for visually impaired passengers, such as lack of clear tactile paving or
acoustic signals (Germany, Spain). Besides, also comments concerning environmental and physical discomfort
emerged: poor air quality, noise, strong odours, and temperature differences inside vehicles (Finland, Spain).
Lastly, also some concerns about autonomous vehicles were identified, such as the absence of a driver
reducing passengers’ sense of safety and ability to handle emergencies (Austria, Finland, Spain).

With regards to solutions, the commonly proposed solutions were improving communication and information
systems by using acoustic and visual signals to convey critical information (Austria, Germany, Spain), also
colour-coded or tactile markings on vehicles and stops for better orientation (Germany, Spain). Improving
announcements (audible and visual) regarding stops, route deviations, and vehicle occupancy (Austria,
Germany, Spain) was also important. Solutions concerning technology for safety and efficiency were CCTV
monitoring for anomaly detection and emergency response (Austria, Germany, Spain). Also, solutions
concerning occupancy indicators via apps, screens, or colour-coded displays to optimise passenger distribution
(Austria, Germany, Spain) and provide emergency systems with direct connection to a control centre
(Germany, Spain) were suggested. Regarding improvements to accessibility enhancements, the elimination of
steps and gaps through improved structural design and ramps (Germany, Finland), and the implementation of
dedicated areas for wheelchair users and better seat quality (Spain, Finland), were mentioned. Finally,
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concerning human presence or oversight, there were suggestions for an on-board supervisor or staff in
autonomous trams to handle emergencies and assist passengers (Austria, Finland, Spain).

Finally, some attitudes towards innovations were focused on autonomous vehicles. Main concerns were
widespread apprehension about the lack of human presence to manage emergencies or assist passengers,
particularly among fragile groups (Austria, Finland, Spain), and doubts about the reliability of technology to
handle complex situations or malfunctions (Austria, Finland). The proposed mitigation was remote monitoring
systems and communication with a control centre (Austria, Germany, Spain), and maintaining human
oversight via a supervisor or on-call support (Austria, Finland).

With regards to CCTV and surveillance, there were positive perceptions as this is generally accepted as a tool
for safety and anomaly detection (Austria, Germany, Spain), and particularly older and fragile passengers view
it as an improvement in comfort and security (Spain). However, also privacy concerns emerged: students and
some other passengers expressed hesitance about data misuse or privacy infringement (Austria, Spain).

Finally, some key coincidences and observations can be highlighted too:

e Consensus on accessibility: All countries highlight the need for improved systems and infrastructure
for mobility-impaired and visually impaired passengers.

e Occupancy information: Occupancy indicators are widely favoured to enhance passenger distribution
and comfort.

e Human oversight in automation: Across all countries, participants agree on the importance of
retaining some form of human presence or oversight in autonomous vehicles.

o Preference for multi-modal communication: Combining acoustic, visual, and tactile methods to ensure
inclusivity in public transport.
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5 Conclusions

Following the OptiPEx objectives, Deliverable 2.1 begins by bringing together key stakeholders to ensure a
comprehensive co-creation process capable of improving public transport: municipalities, service providers,
key passengers (students, people with mobility problems or visual impairments, older people, passengers
carrying large objects and tourists) and critical associations. This process attempts to rely on the passenger's
perspective and expectations to identify key areas of improvement. Although there is a pre-established
structure of actions, the four use cases, it remains to specify which aspects within each of the UC should
receive attention and how. To achieve this objective, we could only ask the passengers, and for this reason,
two empirical methodologies have been implemented: one of a quantitative nature, the survey, and another
qualitative, the focus group.

As we have seen, the survey yielded general results, partially representative of the inclusion objective in
OptiPEx: only around 20% of those surveyed claimed to present specific disability criteria. Respondents
without mobility disabilities reported significantly higher scores on PT use compared to those with mobility
disabilities. Results also concerned older people, a very important and large group in Western societies: as age
increased, the frequency of public transport use decreased. However, the survey tells us that overall, the use
of public transport is fundamentally satisfactory in a series of key dimensions: comfort, accessibility, safety,
and convenience. The extreme cases of agreement/disagreement with the statements raised by the survey
items were not the majority.

But far from taking this as an acceptable status quo, we must assume it as a starting point, since the ambitious
goals of mobility and sustainability based on the use of public transport will only be achieved if citizens place
public transport at the top of the list in terms of efficiency, functionality, comfort, and safety, among others.
Without going into too much detail, some general figures indicate that this is not the case yet: the satisfied
need for transportation involved working and studying to a lesser extent than leisure/sport or errands; The
use of mobile applications for public transport was very common, but having the right application does not
really mean using public transport more; Estimates on the type of autonomous transport used (around 25%)
point to possible confusion over which transport used (including taxi, train, bus, subway or tram) is truly
autonomous (i.e. does not require driver).

However, some other positive notes emerged when we tried to more specifically profile the more frequent PT
users in the survey: younger, more likely to have higher educational levels (high school or college) and
moderate incomes (between 1,000 and 3,000 euros). They often use trams or subways as their preferred
means of public transportation and travel mainly for work or study. Additionally, they use their smartphones
for games and entertainment and to follow social media, and they rely on apps for public transportation. All
in all, although there is still analytical work to be done with the survey data, the first results seem like an
interesting starting point for OptiPEx.

The work with focus groups has produced results that are closer to the inclusion objective of the stakeholders
involved and focused on the four use cases. The sessions held in the different countries had a similar structure
and were also similar in terms of the number of participants, the time required in each session and the
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establishment of an approximate gender parity ratio. The focus groups across Austria, Finland, Germany, and
Spain revealed critical insights for future public transport improvements.

For example, key findings for anomaly detection (UC2) highlighted the need to address both environmental
(e.g., uncomfortable odours, noise, vibration) and behavioural issues (e.g., disruptive or aggressive
passengers). Suggested solutions include emergency buttons with direct communication to control centres,
automated anomaly detection via CCTV, and keeping human oversight even in autonomous trams. For
pedestrian-vehicle communication (UC3), enhancing driver assistance systems with visual warnings and
optimising safety at crossings were prioritised. Occupancy optimisation (UC4) highlighted the importance of
clear visual indicators, such as door-level displays or traffic-light systems, to inform passengers about tram
capacity and improve distribution. Accessibility challenges (UC1) were identified, including uneven tram-stop
heights, inadequate door opening times, and limited grab handles. Participants suggested unified ticketing
systems, tactile paving improvements, and acoustic/visual announcements in multiple languages to enhance
accessibility, particularly for visually impaired, older, and mobility-restricted passengers.

Autonomous trams drew mixed responses, emphasising the need for human presence or oversight to manage
emergencies and assist passengers, especially those with special needs. Privacy concerns related to CCTV and
data collection were raised but could be mitigated through localised, non-transmitted data processing. Across
all groups, there was consensus on ensuring safety, responsiveness, and inclusivity, particularly for mobility
and visually impaired passengers and tourists.

Let us not forget that there is still detailed work to be done, taking advantage of the transcripts to build the
framework of qualitative analysis: codes, categories, and general themes, as well as their interactions.
However, it appears that more detailed work will confirm and expand the overview presented in D2.1.
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Appendix 1: Mural exercise
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Appendix 2: Mural data on Excel
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What additional regulatory
requirements are there if there
is no tram / bus driver present
when passengers with special
needs (wheelchair, elderly,
blind...) are using a/the PT

9 service?

What is the process when it
comes to the approval of Al
technologies being used for
safety features?

How passenger safety and
comfort will be assured in
increasingly automated

1 vehicles

Mural Data

PT User Groups

Service Providers

Regulatory Bodies
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Appendix 3. Questions issued in the focus groups task, per country.

First block. Germany and Finland.

Colours mean: PROBLEM [SOLUTION WHAT IF
FINLAND (with large
GERMANY (fragile) objects) FINLAND (tourist)
1st BLOCK |[USE CASE Boarding a vehicle (I) Boarding a vehicle (I) Boarding a vehicle (1)
What problems you encounter|[SCENARIO: The vehicle is full ,|[SCENARIO: You’re the only|
when boarding a PT vehicle?|you have to get in, know what|one at the stop, and you
[get to wheelchair area? Find alis the designated area you|don’t know what the
free space?] should go, and get there.]|Boarding conventions are
What problems youl(e.g., should | board from
encounter when boarding alfront, or rear, etc.). You are
public transport vehicle?|ready to board, but uncertain
FOLLOW-UP items for|of whether the vehicle is the|
discussion: How do you|one you need to take]
decide which door to use to
enter the vehicle? What do
you do if you cannot find a
free space or seat in the
vehicle near the door? What
do you do if the space you
should take is occupied by
other objects and you can't fit
in? What do you do if the
space you should take is
occupied by people and you
Questions can't fitin?
What if there is no driver orlHow to make boarding|How to make it convenient?
other staff present? convenient? What kind of|What kind of support would
support you would need orlyou need for that? What
like to have? What wouldjwould make boarding safe
make boarding safe andland secure? // What support
secure? would be needed, and how
would you like to get it for]
you to know if the
vehicle/line is the right one?
Questions
What solutions solve one or(This is an autonomous vehicle[This is an autonomous
more of these problems?— there is no driver or otherlvehicle —there is no driver or
[which assistance systems|staff on board. What concerns|other staff on board. What
would increase safety for you?lor thoughts do you havelconcerns or thoughts do you
What would improve/worsen|about convenience, support,lhave about convenience,
travel comfort? What wouldland safety/security? What[support, and safety/security?|
support if the designated areajthings/support would you like|What things/support would
is blocked?] to have for these issues? you like to have for these)
Questions issues?
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First block: Austria and Spain

Colours mean: PROBLEM SOLUTION WHAT IF
AUSTRIA (students) SPAIN (students) SPAIN (fragile)
1st BLOCK|USE CASE Pedestrian-vehicle (lll) |Pedestrian-vehicle (lll) |Boarding a vehicle ()
Have you witnessed or|Have you witnessed or|What problems do you encounter
experienced risky situations|experienced risky situationsi\when boarding a PT vehicle? [get|
involving pedestrians and|involving pedestrians and|to the wheelchair area? Find a
trams? trams? free space?]
Questions
As a pedestrian, what do you|lAs a pedestrian, what do[What solutions solve one or more
think about a system thatlyou think about a system|of these problems? [which
warns you about riskythat warns you about risky|assistance systems would
situations involving|situations  involving  an|increase safety for you? What
pedestrians andlapproaching tram? Which|would improve/worsen travel
approaching trams?ways would you prefer tojcomfort? What support if]
FOLLOW-UP Questions:jreceive information about|designated area blocked?]
Which ways would vyoujrisk of collision with a tram?
prefer to receive
information about risk of|
Questions collision with a tram?
Under what conditions|lUnder what conditions|What if there is no driver or other
would you allow yourjwould vyou allow your|staff present?
Smartphone to share your(Smartphone to share your
exact location with publiclexact location with public
transport  providers  toftransport  providers to
contribute to road safety? |contribute to road safety?
Questions
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Second block: Germany and Finland

Colours mean:

PROBLEM

SOLUTION

WHAT IF

GERMANY (fragile)

FINLAND (with large
objects)

FINLAND (tourist)

2nd
|BLOCK

USE CASE

Anomaly detection (ll)

Anomaly detection (Il)

Questions

Questions

Questions

In which situations do you feel
uncomfortable in PT vehicles?
What helped you / would have
helped you in these situations?
[Was there any disturbance or)
harassment nearby? Were you
disturbed or harassed?]

The vehicle is very full, there
are things that disturb you.
What makes you feel
uncomfortable when on
board? / FOLLOW-UP
Questions to discussion:
Environmental comfort?
Feeling sick or weak during
the trip? Disturbance like loud
people, talking on phone, or
harassment nearby or on
yourself?

Are there situations that could
become problematic for you if]
there is no driver, and no staff|
present in the vehicle?

What would improve or
worsen your travel comfort?
What things would you like to
have available, to increase
your feeling of safety and
security?

What would increase your
sense of security? What is
necessary to make this
situation manageable for you
without drivers and other
staff?

This is an autonomous vehicle
— there is no driver or other
staff on board. What concerns
or thoughts do you have
about convenience, support,
and safety/security? What
things/support would you like
to have for these issues?
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Second block: Austria and Spain

Colours mean: PROBLEM SOLUTION WHAT IF
AUSTRIA (students) SPAIN (students) SPAIN (fragile)
2nd Passenger  distribution|Passenger distribution
|BLOCK USE CASE (1v) (1v) Anomaly detection (ll)
What is your currentWhen accessing a tram,|In which situations do you feel
experience when not findinglwhat would make it easierluncomfortable in PT vehicles?
a place or seat near your(foryou to decide which door(What helped you / would have
entry point on the tram?jto enter through? What islhelped you in these situations?
FOLLOW-UP Questions:lyour current experience|[Was there any disturbance or
When accessing a tram,jwhen not finding a place orlharassment nearby? Were youl
what would make it easier|seat near your entry point|disturbed or harassed?]
for you to decide which doorfon the tram?
to enter through?
Questions
While waiting for a tram,|While waiting for a tram,/What would increase your sense
would it be useful to bejwould it be useful to be|of security?
informed on where are thelinformed on where are the
less crowded areas of thelless crowded areas of the
next vehicle? FOLLOW-UP|next vehicle? Which ways
Questions: Which  ways|jwould you prefer to receive
would you prefer to receivelthat information?
that information?
Questions
Would you have privacy|Would you have privacy\Would these situations become
concerns about using CCTV|concerns about using CCTV|problematic for you if there is no
feeds to estimate thelfeeds to estimate theldriver and no staff present in the
distribution of passengers|distribution of passengers|vehicle? What is necessary to
and special needsjand special needsmake this situation manageable
passengers? passengers? for you without drivers and other|
staff?
Questions
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Third block: Germany and Finland

Colours mean: PROBLEM SOLUTION WHAT IF
FINLAND (with large
GERMANY (fragile) objects) FINLAND (tourist)
3rd BLOCK|USE CASE Passenger distribution (IV) |Offboarding a vehicle ()

Questions

Questions

Questions

What do you do if you cannot
find a free space or seat in the
vehicle near the door?

[SCENARIO: You are
approaching your offboarding
stop. The vehicle is full and
there are people between you
and the exit. You should get
off, the vehicle is packed,
takes time to get to exit,
visibility is poor, and things
can get stuck.]. What
problems you encounter
when getting out of a public
transport vehicle? / FOLLOW-
UP Questions to discussion:
Is there something that could
be done already when
approaching the stop?

Does it make a difference if no
driver or other staff would be
present?

How to make offboarding
convenient? What kind of
support you would need or
like to have? / What would
make offboarding safe and
secure?

Would you have any privacy
concerns about using CCTV to
estimate the distribution of
passengers?

This is an autonomous vehicle
— there is no driver or other
staff on board. What concerns
or thoughts do you have
about convenience, support,
and safety/security? What
things/support would you like
to have for these issues?
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Third block: Austria and Spain

Colours mean:

PROBLEM

SOLUTION

WHAT IF

AUSTRIA (students)

SPAIN (students)

SPAIN (fragile)

3rd BLOCK|USE CASE

Anomaly detection (ll)

Anomaly detection (Il)

Passenger distribution (IV)

Questions

Questions

Questions

In which situations do you

feel uncomfortable in PT|
vehicles? FOLLOW-UP
Questions: Have you ever

felt sick or weak during the
trip? [Was there any)|
disturbance or harassment|
nearby? Were you disturbed|
or harassed?]

In which situations do you
feel uncomfortable in PT
vehicles? Have you ever felt
sick or weak during the trip?
What helped you / would
have helped you in these
situations? [Was there any
disturbance or harassment
nearby? Were you disturbed
or harassed?]

How do you decide which door to
use to enter the vehicle? How,
would you like to receive this
information? What do you do iff
you cannot find a free space or|
seat in the vehicle near the door?
[What do you do if wheelchair
spaces are occupied by suitcases,
bicycles, etc.]

What helped you / would
have helped you in these
situations? FOLLOW-UP
Questions: What solutions
solve one or more of these
problems? [which assistance
systems would increase
safety for you? What would
improve/worsen travel
comfort? What support if
designated area blocked?]

What if there is no driver or|
other staff present?

Would it be helpful to be informed
about the less crowded areas of
the next vehicle while waiting for|
the vehicle? Would you behave
differently if  there was
information about free spaces in
the vehicle?

What if there is no driver or
other staff present?

What solutions solve one or|
more of these problems?
[which assistance systems
would increase safety for
you? What would
improve/worsen travel
comfort? What support If]
designated area blocked?]

Would you have any concerns
about using CCTV to estimate the
distribution of passengers? Will it
be more difficult if the wheelchair|
space is unduly occupied
(suitcases, bicycles) and there is
no driver or staff present?
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