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2020 research and innovation programme.

Abstract
This deliverable is the outcome of Task 4.4, which goal is to provide impact assessment of data sharing
among transport service providers during multimodal journey. The impact assessment is based on
amount of useful data, both quantitative and qualitative obtained from conducted stated preference
survey (questionnaire). The survey was conducted online with the aim to collect information about
users’ perception and opinion regarding both current non-coordinated transport service and future
new fully coordinated transport service.
Comprehensive literature review is done in order to provide inputs for questionnaire design.
Additionally, detail overview of scientific papers, which cover some aspects of transport from
passengers’ point of view and surveys conducted within these papers are given. Based on that,
selection of factors and metrics is proposed and in different ways incorporated into the questionnaire.
Therefore, characteristics and different aspects of multimodal transport are considered. The most
important changes influenced by introduction of multimodal instead of intermodal transport are
pointed out. It should be noted that multimodal transport would bring changes for both TSPs and
passengers. From TSPs’ side, this influence will be considered through the planning, operational and
real-time activities. Regarding passengers’ point of view, the questionnaire was developed to obtain
potential users’ attitudes and impressions about future new service.
The results obtained from our survey showed that the 98.6% of respondents would be satisfied with
the new service proposed. Majority of respondents mostly prefer the following aspects of new service:
Synchronized arrival/departure times among different transport service providers and Message
related to delay. Also, single information platform, as a part of new service, is very important for 93.5%
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of respondents. Related to data sharing among different TSPs’, almost 80% of respondents answered
that they would agree with that (in compliance with data protection and privacy regulations).
Finally, this deliverable includes Annex on Environmental Impact Assessment (EIA) as a base for further
research. The EIA scope and main characteristics are defined, and based on the main findings of the
comprehensive literature review related to the given issue, the indicators which could be used for EIA
are proposed.
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1 Introduction
Multimodal transport means integration of different modes of transport into a single smooth, efficient,
safe, secure and enjoyable travel experience for passengers. In order to achieve that goal, it is
necessary to provide high level of integration among transport modes and further to make
environment for cooperation among them. It should be achieved by data sharing among Transport
Service Providers (TSPs) which would provide introduction of single ticket for passengers for all trip
segments of one journey (for example, integrated ticket for rail-airline-metro), synchronization of
timetables for all transport modes, single information platform, possibility of remote check-in at the
beginning of journey and infrastructure improvements. It is expected that such service will be managed
from a single multimodal transport service provider – integrator of operational centres of all transport
modes included in the transport supply system (including airports, airlines, public transport, etc.).
The main objective of this deliverable is to provide impact assessment of data sharing. This
encompasses determination of the factors and metrics related to the impact of data sharing among
TSPs and development of transport scenarios for survey. In order to determine the quantifiable gains
from data exchange, it is necessary to design the questionnaire for potential users of new service.
Beside Introduction, this deliverable consists of the following sections:
•
•
•
•
•
•
•
•
•

Positioning of Task 4.4 in the project,
Bibliographical research and works cited,
Selected metrics related to the impact of communication between TSPs,
Coordinated actions among TSPs in the case of data sharing,
Survey methodology and questionnaire designing,
Survey results and main findings,
Conclusions,
References,
Annex on Environmental Impact Assessment.

These sections are followed by four Appendices (Appendix A, Appendix B, Appendix C and Appendix
D).
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2 Positioning of Task 4.4 in the project
The planning, contents and dates that are presented below are based on the Grant Agreement of
SYN+AIR.
Task 4.4 is titled “Execution of impact assessment of data sharing” and its completion will lead to the
production D4.4, titled “Impact assessment of data sharing”.
The description of deliverable D4.4 is the following: “It will include information on the creation of a
questionnaire to the users, the data of the questionnaire and the analysis of the data. The data analysis
will statistically infer the impact of TSPs’ data sharing on user satisfaction and other defined metrics.
The latter will be presented in the SYN+AIR’s website. Finally, the deliverable will include the “prevalent
elements” paving the way to the future execution of an Environmental Impact Assessment”.
The deliverable type is “report”, and the dissemination level is “public”.
The start date of T4.4 is “M8” which corresponds to the 1st of June 2021. The due date of T4.4 is “M16”,
which corresponds to the 28th of February 2022 and marks the deadline for the delivery of D4.4.

2.1 Connection of T4.4 with other Tasks
The present task will have multiple interactions with other tasks since it provides impact assessment
of data sharing.
In the case of T4.2, the tasks are being executed in parallel and it will provide the input for the T4.4.
In the case of T4.3, the tasks are being executed in parallel and data will be exchanged in order to
provide infographic as it is planned by KPI2.2. Foreseen interactions are depicted in Figure 1.
Interaction with T4.2 (Analysis of modal networks management and operations)
•

T4.2 will provide sufficient macro-statistics for understanding the impact of non-coordination
on network dynamics as an input.

Interaction with T4.3 (Development of Data Flow Model)
•
•
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T4.3 will provide the connections and data which will be shared among TSPs.
T4.4 will quantify the gains from data sharing (or losses from not sharing).

M16

M15

M14

M13

M12

M11

M10

M9

M8

M7

M6

M5

M4

M3

M2

M1
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T4.2 Analysis of modal networks management and operations

T4.3 Development of Data Flow
Model

T4.4 Execution of Impact
Assesment of Data Sharing

Figure 2.1: Interaction of T4.4 with other Tasks

2.2 Main objectives of Task 4.4
The main objective of the task T4.4 is to provide impact assessment of data sharing. To achieve this
objective, we have followed these activities:
Determination of the outcome of not sharing data
•
•

To build “what-if” transport scenarios.
Determine factors and metrics related to the impact of communication between TSPs during
multimodal journey.

Questionnaire preparation and survey execution
•
•
•
•

Define the goal and output of the survey (what is expected as a result).
Questionnaire preparation.
Collect the data by execution of questionnaire in European and worldwide countries (minimum
600 respondents, KPI2.3).
Provide statistical analysis of the survey.

Annex on the Environmental Impact Assessment
•
•
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Determine the conditions and variables that can potentially affect the environment, positively
or negatively.
Provide the environment impact analysis of coordinated vs. non-coordinated multimodal
service.
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2.3 Terminology and Acronyms
Term

Definition

CJ

Customer Journey

D2D

Door-to-door

EIA

Environmental Impact Assessment

EU+

EU countries plus Switzerland, Norway, and the United Kingdom

LPT

Local public transport

Non-EU

European countries excluding EU+ (e.g., Serbia, Montenegro, Russia, Ukraine,
North Macedonia, etc.)

PRM

Passengers with reduced mobility

PT

Public transport

SJU

SESAR Joint Undertaking

TSP

Transport Service Provider

SP

Stated Preference

GHG

Greenhouse gas
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3 Bibliographical research
This section presents bibliographical research related to metrics and factors that affect user choices of
different modes of transport and users’ satisfaction related to service quality of public transport.
Multimodal transport chain of air transport consists of trip surface and air transport segments which
will be covered by different service providers such as carriers of all modes of transport. It is important
to emphasize the need for different metrics that can better capture the potential of coordinated
transport service between origin and destination in a sense of data share among TSPs, providing
seamless travel by air. These service improvements require understanding different needs and views
by passengers, transport service providers, local communities, and transport policy makers when
evaluating the new service which will be implemented in the future and when determining impact
assessment of data sharing (Figure 3.1).
Transport
Service
Providers
(TSPs)

Local community

Passengers
D2D seamless
travel including
data sharing
among TSPs

National
policy makers

International policy
makers

Figure 3.1: Different perspectives related to D2D seamless travel including data sharing among TSPs

Transport has both positive and negative global effects on society and environment, and human life in
general. Many industries are dependent on transport. Travel and tourism are most important sectors
in terms of global economic impact. Transport activities are mirror of the global economy. Additionally,
transport investments cause the economic growth. In last decades, mobility is increased which is
driven by decrease of travel and accommodation costs. Thus, all this leads to the expansion of the
leisure market. Among all modes of transport, air transport seems to be the "most global", connecting
the whole world spatially and temporally. Air transport providers cover destinations all around world
and they operate in global air transport network. The global air transport network provides direct and
indirect connections between huge number of destinations. On the other hand, transport causes
negative effects related to environment. Transport contributes to climate change, air pollution and
noise.
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Transport policy makers, both national and international, include national government, institutions,
high level authorities, international organizations etc. Taking into account the long-term structural
changes that new, coordinated, systems would bring, national policy makers have to make decisions
on infrastructure investments. Additional changes encompass promotion of the principle of passenger
multimodality in order to provide seamless and efficient D2D journey by global international policy
makers. The main goal is to encourage passengers to use public transport such as train, metro, or bus,
as a part of multimodal chain - D2D journey with trip by airplane in the middle. The basic starting point
is to provide high level of integration between transport modes and further to make environment for
cooperation between them especially in a domain of transport, traffic and passenger data sharing.
Policy makers need to address one of the major problems faced by transport policy such as
environmental issues and its impact on climate changes. Thus, transport policy makers on the global
level promote use of public transport and seamless multimodal journey in order to avoid traffic
congestions and to reduce CO2 and greenhouse gas emission.
The local community is interested in regional mobility, sustainability, employment opportunities and
economic development. The economic development is very important because it stimulates the
development of society providing good conditions in community for life in general. Transport
infrastructure investment and adequate transport supply (transport services, connections, etc.)
represent engine for economic development, OECD 2020.
Transportation service providers (TSPs) mean carriers that provide passenger and/or freight transport.
TSPs encompass air carriers - scheduled services, charter flights, low cost carriers, air taxis, rail regional services, intercity routes, high speed services, steam trains, metro, road - private car, coach,
taxi, bus etc. All TSPs tend to have a competitive strategy in order to increase demand. Therefore, TSPs
create adequate service to their targeted customers. Transport service includes timetable or flight
schedule (frequency, time of departures and arrivals), ticket price, travel time, type of vehicle/aircraft,
comfort, as well as access to the bus station/stop, airport/terminals, train station, port etc. TSPs strive
to minimize costs while increasing revenue. In other words, the ultimate goal of TSPs is to make a
profit.
Passengers are interested in high frequencies, reasonable or low ticket price, transport service
reliability, non-stop flights/trips, safe and secure transport, high level of comfort and punctuality.
Additionally, passengers expect to make reservation and to find suitable offer in any time. It could be
expected that a new service such as “seamless travel” in multimodal transport chain gives passengers
more reasons to use much more public transport.
The needs and expectations of passengers and TSPs are often in conflict. TSPs have to use their
capacities in appropriate way and to balance between expectation and needs of customers on one
hand, and making profit on the other hand. Despite competitive environment among TSPs, there are
examples of cooperation and coordination between different TSPs (D3.2, SYN+AIR, 2021) such as
combination of different transport modes e.g., airline – rail operator, bus – rail etc. The transition from
intermodality to multimodality will be a challenge for all operators in recognising benefits and gains
from the new service. Multimodal transport refers to integrated public transport system.
According to Chowdhury et al. (2018) an integrated public transport system has five main areas which
are necessary to be considered: (a) network integration, (b) fare integration, (c) information
integration, (d) physical integration of stations, and (e) coordinated schedules. The authors of this
paper compare the perceived importance of the five above mentioned areas between policy makers
and public transport users. The results show that there is a similarity in perception between the policy
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makers and frequent users, related to network and fare integration. The authors recommend to policy
makers to consider transfer waiting times high rated by users and to find compromise between cost
and public transport users' need. Both policy makers and users did not find physical and information
integration important, which can be explained through the structure of survey sample. Namely,
majority of respondents are young.
Exploring different travel needs and patterns is a topic of a large number of scientific papers. In this
literature review, the accent is on various factors and indicators studied therein. Totally, 19 selected
papers are briefly summarized. The study area and main findings of those papers, as well as more
details about analysed factors and indicators are presented in Appendix A. Besides, in the next
paragraph, some general impressions and interesting findings from selected papers are singled out.
In recent years, in numerous studies various aspect of public transport (PT) as a key element for
achieving sustainable development in urban and metropolitan areas were considered. De Ona (2020)
notes that users tend to experience public transport as a quality service and to look at it with pleasure.
Therefore, there is permanent need to better understand the relationships existing between service
quality perception, satisfaction and loyalty of users. In most of the presented papers, the authors
examine the relationship between service quality and specific attributes. With the aim to assess
passenger overall satisfaction with the journey or service, different authors proposed and used
different factors/metrics related to the journey. Some of the most frequently used factors include:
connectivity, accessibility, information, frequency, cleanliness, comfort, speed, environmental impact,
safety, security etc. Ingvardson et al. (2019) measure different items for all of eight observed factors,
details are presented in Appendix A. Lunke (2020) consider five subgroups by mode choice and travel
time for PT users in Oslo and concludes that long waiting time during the transfer strongly effect users’
satisfaction. The frequency of delay in arriving at the destination appears to be important factor for
satisfaction in the research of Vicente et al. (2020). Multimodal transportation on hub in India is a
subject of research in Chautan et al. (2021). They consider various indicators for eight factors and
conclude that transfer environment, safety and security, transport modes and travel information,
accessibility and signposting, comfort and quality of environment and staff managing, and ticketing are
influencing factors for overall service quality. Shop availability at the station appears to be a significant
factor in the research of multimodal public transport network in Copenhagen conducted by Neilsen et
al. (2021). Shukov et al. (2021) confirm that travel satisfaction is holistic phenomenon, and no single
best configuration of attributes leads to overall satisfaction. Results obtained by Tavares et al. (2021)
indicate that operational characteristics (speed, reliability, buses departure on time, arrival without
delay) are the most impacting elements on PT users’ satisfaction in Porto Alegre, Brasil.
Depending on the needs of the research, different independent variables are used in order to profile
users (passengers), such as: specific socio-demographic characteristics (e.g., gender, age, level of
education, income level, household composition, lifestyle choices), patterns of mobility (e.g.,
frequency of travel, travel reason, time of day when travel, travel with/without transit, duration of
travel, driver’s license, car ownership), data related to different territorial contexts (city size,
population, per capita GDP). For example, Fiorio et al. (2013) group variables at individual and at city
level in order to find the answer on the question “Is satisfaction related to the number of local
transport providers”. Allen et al. (2019) in their research of hierarchy of PT attributes, group some of
these variables as customer profile. Soza-Parra et al. (2019) consider only gender and age (under 35 or
not) and conclude that for people under 35 comfort is important factor in evaluation of service. Susilo
and Cats (2014) gave characteristics of different traveller groups as well as summary of their needs:
full-time employed workers (punctuality, reliability, cost); female travellers (safe, reliable, affordable
and comprehensive access); parents with small children (accessible vehicle and station, onboard space
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and supportive attitudes); low income travellers (availability, adequacy, cost and safety); children and
young travellers (practicalities such as cost and speed of journey, flexibility and safety); elderly
travellers (physical and emotional barriers in sense of increased difficulty in identifying signs, in reading
timetables, listening to loudspeakers and responding, affordability, flexibility, reliability and support
facilities); disable travellers (physical accessibility and availability, support facilities including
information availability, cost, certainty and security and supportive attitudes) and tourists and
unfamiliar travellers (need a simpler system, more information provision and more helpful and
tolerant staff). Li et al. (2020) investigates multimodal choice behaviours of intercity travellers and
present results for reference groups (bus, airplane, HSR and traditional train users).
In the study Mulley et al. (2017), influence of information provision on behaviour is analysed.
Information is only one of a set of soft factors (i.e., comfort, servicing and cleanliness) which can
influence overall public transport quality. A number of transportation studies on soft factors have
focused on the estimation of willingness to pay for information provision. The results show that
travellers are willing to pay for information systems if they provide additional functionality such as
real-time information, or additional trip planning options.
For the purpose of the Task 4.4, selection of factors is extracted from considered literature and
Appendix A, and Table 3.1 is created. From literature review it is observed that some authors use quite
similar factors under different names. In order to choose most frequently considered factors, some of
them were grouped (e.g., frequency and delays some authors consider as part of operations schedule,
walking distance as separate factor while some within accessibility, ease of wayfinding on its own or
within information, etc.).
In the Table 3.1, within factor Norms, personal beliefs or behavioural Intentions, were assumed.
Customer services includes factors such as: stuff assistance, ticketing, courtesy/simplicity, inspection
of tickets. Also, transfer environment encompasses: waiting time on transfer, need to transfer,
intermodal coordination, level changes (the number of times traveller has to ascend or descend stairs
on the whole route), shelters at terminals, availability of shops at the terminals etc. Within User profile,
the following variables at individual level are considered: frequency of use, purpose, time spent in
travelling, etc.
Satisfaction is considered in almost all selected papers, through various dimensions of satisfactions:
past (experienced), overall, satisfaction with individual attributes, etc. Also, some studies showed
correlation between travel satisfaction and general life satisfaction (see Ingvardson et al., 2019 and
references therein). It is important to keep in mind that the notion of satisfaction is complex, both
directly and indirectly related to passengers’ habits and beliefs.
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4 Selected factors and metrics related to the
impact of communication between TSPs
This section presents the process of selecting appropriate factors and metrics which will help in
assessing the impact of data sharing during the multimodal travel. Selected metrics and factors will be
used for different purpose in the questionnaire:
•
•
•

Structure of questionnaire (e.g. user profile part),
Attributes in the questions, and
Level of satisfaction regarding certain attributes in the answers.

4.1 Selection of appropriate factors and metrics for the impact
assessment of data sharing
The internal workshop was held as a brainstorming session on July 26th, 2021. Participants, in total 11,
were partners involved in Task 4.4 (UPC, POLIBA, UB-FTTE), as well as Milan Janić, member of external
Advisory Board.
The purpose of the meeting was to define “if-than” scenarios and determine the appropriate factors
and metrics which will help us to create the questionnaire, and to finish final impact assessment of
data sharing.
Short introduction, about the main goals and objectives of T4.4, was presented. Different perspectives,
related to data sharing among TSPs during planning and execution of multimodal journey, including
areas and factors that are generally considered, were pointed out.
The brainstorming session consisted of the five steps: clarify objectives and goals, customer view refers
to data exchange and needs related to coordinated D2D trip, identification of considered area,
generation and listing of factors, and selection of factors (metrics).
Step 1: Clarify objectives and goals
The questions which were discussed are: Do we consider just passengers’ point of view? Or both
passengers’ and TSPs’ point of view? Are “what if” scenarios based on Customer Journeys (CJs) or on
cases of sharing or not sharing data? Are “what if” scenarios based on CJs from T3.1? How many CJs
and how to select them for survey? Perhaps to group CJs in order to simplify the questionnaire?
After comprehensive discussion it is decided to consider both passengers’ and TSPs’ perspective.
Passengers’ perspective will be examined through the survey, while TSPs’ perspective will be examined
through the interviews and workshop (D3.2 and D4.1, SYN+AIR. 2021).
Some common questions should be stated to both TSPs and passengers to find a common link in
motivation to provide/use a new service. Furthermore, it is important to find common elements for
passengers and TSPs, in order not to get complete discrepancy in responses from passengers and TSPs.
Also, common/similar questions for passengers and TSPs should be formulated in order to interlink
them.
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If we want that passengers evaluate something, we need to present them the new service (what are
they supposed to expect from that service). The similarity between this new service and holiday
packages for leisure travellers can be observed. Moreover, it can be used to explain respondents what
will be offered to them.
It is also suggested to use results from SYN+AIR’s D3.1 (2021) to create “what if” scenarios. In order to
obtain high quality of responses, the questionnaire should be as simple as possible regarding the
number of questions (CJs and scenarios). Based on results from D3.1, SYN+AIR (2021), the most
relevant CJs should be selected, those which are closest to the reality as well as those CJs that majority
of the respondents use. It is also important to make difference between leisure and business segments
of passengers. The respondents could be asked to assess the added values of seamless travel. As
possible added values, cost and travel time were emphasized. When considering travel time, it should
be considered not just time of actual travel but also waiting time (e.g. compare coordinated and notcoordinated cases, express the difference in percentage and this transform into added value, etc.).
Some questions raised from the discussion: Is there only one scenario or there are few of them? In the
case of more than one scenario, will they be based on different D2D cases for certain categories of
passengers? Clustering is needed in this case. The first category can be the clusters on business and
leisure travel purpose. The second category of clustering could be based on income and/or age.
A scenario should be used to obtain the answer related to the percentage of passengers who are willing
to change the mode (a shift from car to public transport), comparing the current non-integrated
situation and future integrated and coordinated service. Also, the share of total number of
respondents who will see the benefits in terms of added value should be derived from the survey.
Step 2: Customer view refers to data exchange and needs related to coordinated D2D journey
The main topics were: What does seamless travel mean? How to present the new service?
Bearing in mind that there is no official or single definition of seamless travel, the general opinion is
that we should provide explanation for the purpose of the SYN+AIR project and survey. It is important
to point out the crucial differences between the new (multimodal, coordinated) and current
(intermodal, non-coordinated) service.
Some definitions of seamless travel are:
OECD definition: The provision of a smooth, efficient, safe, secure and enjoyable travel experience from
a traveller’s point of origin to a destination, within the destination, and back again.
The goal of multimodal transportation is to integrate different forms of transportation into a single
experience that would take a passenger door-to-door. It would make travel experiences more efficient,
safer, greener, with less hassle, while optimizing the journey time, and minimizing costs.
After discussion, the main recommendations and guidelines which should be used to explain
respondents the seamless travel in questionnaire, are highlighted: single ticket for the whole journey,
integrated baggage service, biometric boarding (one ID, recommended by IATA), provide real time
information to passengers (about the journey and baggage tracking) and responsibility regarding
transport service reliability (delays, cancellations, lost baggage, etc.).
Related to recommendation to have common questions for both passengers and TSPs (step 1), some
topics are derived from the discussion:
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•
•

Integrated baggage service related question for passengers (are they willing to pay for this and
how much) and for TSPs (can they provide this service).
TSPs share of responsibility.

Step 3: Identification of considered area
Participants agreed that the following outputs should be considered: passenger possible shift to other
transport modes (from car to public transport from/to airport or from air to rail), passenger
expectations from the new service, passenger perceptions related to the new service, resistance and
obstacles observed by passengers towards the new service, passenger satisfaction from the past
experience related to integration and which transport service changes in future would affect to the
increase of satisfaction.
Satisfaction is subjective category, very personal and fuzzy. For some service somebody can be very
satisfy but somebody won’t. It is necessary to handle this possible uncertainty information from
respondent and see how to turn it in useful indications to the analysis.
Possible hindrances are identified: obstacles for passengers could be that someone possess discount
for rail ticket and for airline ticket, so do not won’t to use the integrated service, because cannot use
this discount.
Step 4: Generation and listing of factors and metrics
The participants (project partners and Advisory Board member) received materials by email before the
brainstorming, and they were asked to rank the most important factors listed based on the literature
review. They should provide minimum 5, and maximum 10 factors from the list of 32 factors offered.
Six participants sent their lists by email, and other provide the list on the meeting. The scoring of all
answers has been performed according to Table 4.1.
Table 4.1: The scoring of answers

Rank

1

2

3

4

5

6

7

8

9

10

Points

12

10

8

7

6

5

4

3

2

1
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Step 5: Selection of factors and metrics
The final ranking list was created based on participants’ inputs (Table 4.2).
Table 4.2: Final ranking of proposed factors and metrics

Factors
Information
Accessibility

P1

P2

12

12

7

10

P4

P5

P6

P7

12

5

6

6

12

7

12

5

3

10

4

10

8

10

5

8

5

1

10

6

6

6

7

7

8

10

8

3

4

3

7

2

Cost
Punctuality/Waiting time
Transfer environment
Satisfaction
Safety and security
Comfort

P3

Reliability
User profile

8

1

Connectivity
Frequency

7

Sum

7

12

72

10

12

4

2

6

12

4

34

10

7

32

8

4

30

4

21

6

5

8

19
11
5

1

7
6

3

6
3

3
2

38

34

6

Passenger density

60

10

Delays
Public utilities

8

5

4

5

65

6

2

Norms
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P10

39

7

Environmental impact

Customer service

P9

12

1

8

P8

3
2
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4.2 Final set of selected factors and metrics
The top 10 factors from Table 4.2 are selected for the future consideration and presented in Figure
4.1.

Figure 4.1: Selected factors and metrics related to the impact of multimodal service

Selected factors and metrics can be classified in three groups, as presented in Figure 4.1. These factors
and metrics (satisfaction, etc.) will be included in the questionnaire, on different ways, either as the
attributes of new service, or through the measuring extent (by Likert scale) to which respondents agree
or disagree with the given statements.
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5 Coordinated actions among TSPs in the
case of data sharing
Air transport is, by itself, intermodal transport since it is necessary to change the modes of transport
to get from the origin to the destination point. The passengers need to use some land/water transport
to reach the airport, and after the aircraft landing, passengers should use land/water transport to
reach the destination. Multimodal transport implies coordination and integration of different modes
of transport. In this section, some changes influenced by introduction of multimodal instead of
intermodal transport will be pointed out. It should be noted that multimodal transport will bring
changes both for TSPs and passengers; therefore, influence of multimodality will be considered for
TSPs and passengers. Moreover, this influence will be considered through the planning and operations
activities (strategic, tactical and operational phases), as well as through the real time activities.
Some attributes of non-coordinated vs. coordinated transport service are given in Table 5.1. As it is
defined in D4.1 of SYN+AIR (2021), the meaning of the term seamless door-to-door transport is related
to a smooth, efficient, safe, secure and enjoyable travel experience from a traveller’s point of origin to
a destination, within the destination, and back again. The seamless travel, includes possibility of buying
single ticket for whole travel (including all segments performed by different modes of transport),
possibility of document free passenger service (one ID), fully coordinated timetables, responsibility
shared between TSP and passengers, better location of terminals and stops in order to provide shorter
walking distance between terminals during transfer, possibility of remote check-in (at the beginning of
journey), additional access facilities at transfer between terminals and stations for all modes of
transport. Another possibility could assume a single information platform for communication of all
TSPs involved, which are connected by one TSP playing a role of integrator. In order to provide efficient
and safe system for both TSPs and passengers, TSPs should cooperate, plan together on different
levels, and exchange the data.
As a consequence of introduction of such a new, fully integrated service, passengers’ satisfaction could
be increased by improving some aspects of current services. The locations of bus/metro/train stops
are important. They affect walking and/or transfer time, therefore light infrastructural changes (such
as changes the location of stops and making them closer to transfer points) or joint strategic planning
of transfer points, can reduce the walking time. The walking terrain can also influence these times.
Namely, existence of elevators, stairs, walking uphill or downhill on the passengers’ walking way could
affect mode choice (or even journey starting time), especially when passengers have large baggage, or
when they have reduced mobility.
Regarding timetable coordination, different cases can be observed. In the case of large airport and
high passenger demand, timetable coordination is not necessary because the frequency of
train/metro/bus connecting airport to the catchment area, is already very high, and waiting time is
negligible. In the case of medium and smaller airports, coordination of timetables could provide time
savings for passengers.
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Table 5.1: Non-coordinated vs. coordinated transport service attributes

Non-coordinated – intermodal transport

Coordinated – multimodal transport

Separate tickets

Single ticket

Multiple documents needed (passport, ticket etc.)

Document-free passenger service (e.g. IATA one ID)
enabling shorter time of security process

Timetables non-coordinated and non-synchronised
arrival/departure times causing longer waiting times
in transfer points

Timetables coordinated and synchronised
arrival/departure times among TSPs enabling
shorter waiting times in transfer points

Longer walking distance between terminals during
transfer due to current location of terminals and
stops (separate TSPs’ planning activities)

Better location of terminals and stops (networks
optimization among different TSPs) - shorter walking
distance between terminals during transfer

Multiple information sources

Single information platform

Separated TSP’s operations centre

Single TSP’s – Integrator

Responsibility of passenger or TSP involved (each
mode independently)

Responsibility of passenger or shared among TSPs
involved

Baggage check-in at the airport

Possibility of remote baggage check-in (at the
beginning of journey)

Access facilities (elevators, ramps, vertical and
horizontal escalator, automated people mover)

Additional access facilities at transfer between
terminals and stations for all modes of transport

Actions that could be taken during different planning phases regarding specified attributes, are given
in Table 5.2. It should be noted that phases in Table 5.2 are not related to ATFCM phases. In all other
TSPs (except ATM) strategic phases refer to period of 5-15 years before the day of operations.
Decisions made in this phase are related to huge investments in transport infrastructure
(roads/highways, bridges, terminals, access to terminals and terminals connection, runways, railway
tracks, multimodal hubs, etc.), as well as in capacity planning (aircraft, vehicles, rail) and human
resources planning (training and recruitment of needed staff). Strategic planning activities are related
to long-term process of documenting, establishing a direction of planning, investing, implementing and
building transport infrastructure and facilities. Also, strategic planning activities include research,
conceptualization, feasibility study, preliminary project, detailed project and construction. Moreover,
it is necessary to provide a building infrastructure development approval (or building permit) before
construction. Tactical phase refers to the period from six months to five years planning process.
Decisions made in this phase include scheduling, routings, pricing, coordination actions among TSPs
related to timetables synchronisation, tactical capacity planning, tactical human resources planning,
etc. Operational phase refers to period from six months in advance up to the day of operations.
Decisions made in this phase include fine tuning and matching of existing capacity and demand, crew
pairing and crew rostering, fleet assignments and vehicle/aircraft routing, and certain changes, etc.
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Table 5.2: Actions that could be taken during different planning phases

Actions
Attributes

Strategic

Tactical

Operational

Development of a
single platform and
unique database

System maintenance,
staff training and
recruitment

Database updates,
promotional scheme

Document-free passenger
service

Development of
platform and building
infrastructure

Providing appropriate
equipment, staff
training and
recruitment

Maintenance, operations
monitoring

Timetables coordinated

N.A.

Coordinated (all TSPs
involved) seasonal
schedules design

Coordinated (all TSPs
involved) operational
schedule design

Better location of
terminals and stops

Coordinated
infrastructure
planning and design

Coordinated network
planning and design

N.A.

Single information
platform

Development of
single information
platform

System maintenance
and development,
database updates

Database and system
updates

Single TSP’s – Integrator

Building
infrastructure and
appropriate
equipment for
integrator,
regulations

Staff training and
recruitment (all TSPs),
standards and
recommendations,
the best practice
operations
development

Communication with
different TSPs and
passengers (provides
connection among
passengers and TSPs),
collaborative decision
making

Both individual and TSP’s
responsibility

N.A.

Regulations, manuals

Making decisions related
to share of responsibility

Building
infrastructure
(technical solutions,
etc.)

Providing appropriate
equipment, staff
training and
recruitment

Maintenance, operations
monitoring

Building
infrastructure
(technical solutions,
etc.)

Providing appropriate
equipment

Maintenance, operations
monitoring

Single ticket

Possibility of remote
check-in (at the beginning
of journey)
Additional access facilities
at transfer between
terminals and stations for
all modes of transport
N.A – not applicable

Real time phase encompasses all activities which occur on the day of operations in the case of regular
(monitoring) as well as in the case of irregular operations (disruption management). TSPs activities are
often exposed to numerous sources of irregularity. Irregular operations are caused by traffic
congestion, baggage issues, meteorological conditions, crew absence or delays, errors in estimation of
block or turnaround times at certain airports, etc. resulting in delays, cancellations, re-routing, etc.
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Coordinated and non-coordinated transport services have different impact on network dynamics.
Namely, in the regular conditions, when travel demand can be considered as stable, coordinated
actions are better for both passengers and TSPs. From passengers’ point of view, better service is
offered, if TSPs face stable, predictable demand which enable better planning and better matching
capacity and demand. On the other hand, during irregular conditions, (such as for example, pandemic),
coordinated service are still attractive for passengers, but significantly reduced, and at the same time
known in advance travel demand would affect the whole multimodal chain, resulting in capacity
reduction. Without coordination and cooperation among TSPs, travel demand of multimodal
transportation chain would not be known, and therefore could cause severe aftermath. The effects of
non-coordinated transport services are highlighted in D4.2 of SYN+AIR (2022), where service reliability
and travel time are proved to affect the passengers’ mode choice.
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6 Survey methodology and questionnaire
design
In this section, survey methodology including ideas and motivation for questionnaire design,
description of survey process, as well as explanation of technique used in data analysis, is presented
in the following sections. The framework of methodological approach is shown in Figure 6.1.
Step 1

• IDENTIFICATION OF SURVEY GOAL

Step 2

• SAMPLE DESIGN

Step 3

• QUESTIONNAIRE DESIGN

Step 4

• PILOT SURVEY

Step 5

• QUESTIONNAIRE REFINEMENT

Step 6

• DATA COLLECTION

Step 7

• DATA CLEANING

Step 8

• TECHNIQUES USED FOR DATA ANALYSIS

Step 9

• DATA ANALYSIS AND PRESENTATION OF SURVEY RESULTS

Figure 6.1: Methodological framework

6.1 Background, goal and objectives of the survey
Before starting any analysis based on survey, it is essential to understand the background of the survey,
the specific objectives and general goal of the survey and the reasons for which the research has been
conducted. The main goal of the survey is to assess the impact of data sharing among TSP during door
to door multimodal trip from the passenger point of view. In other words, the goal of the survey is to
understand and to determine how satisfied would passengers be with the future concept of travel such
as coordinated multimodal travel. Additionally, it is important to estimate the willingness of
respondents to take public transport to/from airport instead of car.
In order to achieve the survey’s goal, multiple objectives are set as followed:
•
•
•

Objective 1:
Evaluation of attributes (factors, and appropriate metrics) in non-coordinated
intermodal trip (current service) and coordinated multimodal travel (future service)
Objective 2:
Assessment of possible passenger behaviour when choosing a coordinated
trip (scenario-based approach)
Objective 3:
Determination (estimation) of potential overall satisfaction of the future
travel concept

As survey output following information are obtained:
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•

How satisfied would passengers be with the future concept of travel such as coordinated
multimodal travel?
o
o

•

•

Satisfaction/dissatisfaction related to separated attributes of new service
Overall satisfaction/dissatisfaction related to new service

How many respondents would be willing to use public transport to get to the airport instead
of car after providing the explanation of the new transport service (multimodal trip as
coordinated trip) so that passengers have a clear picture of the future concept of transport
service?
How different users’ profiles react on the new service?

Since this survey is about the service that does not exist yet, the crucial task is to explain the new
transport service (multimodal trip as coordinated trip) so that passengers have a clear picture of the
future concept of transport service. This is a double uncertainty, as passengers evaluate a system that
does not exist yet, and imagine scenarios and situations in which they might find themselves (Stated
Preference (SP) survey). Because of all mentioned, it is clear that the information and data similar to
those which should be obtained as a survey output do not exist in the literature and are not available
from other sources (secondary data).

6.2 Sample design: size and target respondents
According to first GA plan, T4.4. survey supposed to be executed in 4 countries (Greece, Spain, Serbia,
Italy) with at least 4000 answered questionnaires. From statistical point of view, such large sample in
this case was not essential, because relevant conclusions could be made even with smaller number of
respondents. Quality, not quantity is important regarding collected data from this SP survey. Sample
of high quality together with the well-designed questionnaire provide more valuable results which
further leads to beneficial conclusions.
The respondents (potential air passengers which will use the new service) consider multimodal trip as
a complete service. This concept offered by a single multimodal service integrator, means that the
users consider the transport from origin (e.g. home) to the final destination including air travel and
changes of different modes of transportation as one service rather than a sequence of single separate
services. New service and future scenarios refer to a new approach of traveling, which encompasses
different modes of transportation with the air transportation as main leg, but considered as a single
travel, with a single passenger ticket.
Therefore, a large share of experienced (or frequent) air passengers should be involved in survey. This
must be examined through the stated preference survey where respondents will choose mode of
transportation, evaluate service and express their level of satisfaction. Therefore, it is very important
that respondents be familiar with the airport access/egress system as well as with all activities related
to air travel process (including processes at the airport: check-in, baggage drop-off, security control,
passport control, baggage claim, etc.). If the survey were face to face, it would be possible to include
less experienced respondents as well, but with additional explanations. Since survey must be
distributed online (because of Covid-19), it is necessary to have experienced respondents.
In statistical terms, according to Miaoulis and Michener (1976) the three criteria on which the sample
size depends are: the level of precision (the range in which the true value of population is estimated
to be), the level of confidence and the degree of variability in attributes being measured (distribution
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of attributes in population). Strategies for determining the sample size are using a census for small
population, using a sample size of a similar study, using published tables or calculate from formulas in
literature. Cochran (1963) obtained formula for the sample size (𝑛) when the population size is
unknown:
𝑛=

𝑘 2 ∙ 𝑝 ∙ (1 − 𝑝)
𝑒2

where k is a normal score based on the desired confidence level (can be found in statistical tables, for
example for a confidence level of 95%, k=1.96), p is the estimated proportion of an attribute that is
present in a population, 𝑒 is the desired level of precision (allowable error - usually 1%, 2%, 5% or 10
%). So, if we assume there is a large population of frequent air passengers and we take that the upper
bound for 𝑝 ∙ (1 − 𝑝) is 0.25 (for p = 0.5), with 95% confidence level and 5% precision we obtain that
n should be greater than 385.
Therefore, a reduction of the number of respondents from 4000 to at least 600 is suggested and
accepted by SJU. Additionally, it is decided to move the focus from four countries participating in
SYN+AIR project (Greece, Spain, Serbia, Italy) to Europe and worldwide in order to have a broader view,
as well as focus on the core objective which is the air travellers and promoting of multimodality by
enhancing D2D seamless transport. Covid-19 situation prevented face to face surveys, and online
survey had to be conducted undoubtedly.

Figure 6.2: Population, target population and sample

Since this survey must be conducted online, the weakness of providing representative sample is
realistic risk. Since there is no single registry or list of e-mail addresses of our target group (air travellers
with experience), the list-based sampling frames would generally be available only for specific
populations (government organizations, universities, corporations, etc.). The sample for this online
survey will be recruited by promoting survey on both personal and business related social networks,
by sending emails to organizations and universities related to project where it is expected to reach air
travellers with experience. Continuously monitoring on sample will be provided by project team
members and actions will be undertaken to sample representing the population in all relevant ways
(such as income and education level, race and ethnicity, gender, religion, access to social media, etc.),
Figure 6.2.
To summarize, focus on sample in T4.4 online survey should be put on:
•
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Target group - air travellers with experience (goal is to have min 85% of this target group in
the sample);

D4.4. D4.4 IMPACT ASSESSMENT OF DATA SHARING

•
•
•

Sample will include ages from 18 to 75+, but majority of working population is expected (2565). The number of students, for example, should be limited;
Persons with Reduced Mobility as segment of respondents, should be included into the
sample;
Due to online survey and the fact that there is constant increase of the EU population aged 65
and over, special attention should be paid on this population. For example, in the period 20102020 increase in share of population aged 65 was: 2.8% Spain and Italy, 3.3% Greece, 4% Serbia
and 3% EU on average (based on Eurostat data).

6.3 Questionnaire design
At the very beginning of the questionnaire, a brief explanation of the purpose of the survey should be
provided for the respondents (European Union, Eurostat, 2000). This brief explanation also offers
description of new service and potential benefits for possible users. That part is also provided as
motivation for respondents to answer the questionnaire, because participation in the survey is
voluntary and without any incentives for respondents. Complete questionnaire is given in Appendix B.
The questionnaire for T4.4 survey is related to the above stated objectives of the SYN+AIR research
(impact assessment of data sharing among TSPs from the passenger point of view). Since new (yet nonexisting) service will be considered in this survey, an identical (same) transport scenario for all
respondents have been created. In order to be able to analyse the potential behaviour of respondents
in the transport mode choice, as well as their attitudes in relation to different attributes (travel time,
travel costs, service frequencies, punctuality, reliability, information, ticket purchase, etc.) they are all
presented the same transport scenario. Some of the reasons for scenario-based questionnaire are
following:
•
•
•

There is heterogeneity among European countries, among different airports in one country
and among respondents;
Regardless if country is EU or non-EU, there is diversity with respect to economic and transport
system development;
Depending if the respondent lives in a city with or without airport, it will impact his/her
answers related to trip from home to airport.

So, it is essential to create scenario and to provide the same conditions under which respondents will
imagine the journey and answer the questions.
Since the questionnaire is dedicated to new service and future scenarios, it is very important to base
it on developed hypothetical scenarios, collecting information about:
•
•
•
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Mode choice in the case of non-coordinated service;
Evaluation of attributes in a case of non-coordinated service through ranking, rating level of
satisfaction/dissatisfaction as well as selecting statements that best describe respondents’
thoughts;
Evaluation of attributes in a case of coordinated service through rating level of
satisfaction/dissatisfaction as well as selecting statements that best describe respondents’
thoughts.
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Disembarking
time

Boarding time
Waiting time
non-aviation activities

Passport control
time

Security and passport
control time

Baggage claim

Check-in time

Custom control

Access time (ground travel time)

Home

Airport A
AAt

From home to the Airport 40km
The airport can be reached by:
car, taxi, train, metro and bus

Egress time (ground travel time)

Flight

Flight time 2 hours

Airport B
BBAaatB

Hotel

From Airport to the hotel 220 km
The hotel can be reached by:
train, intercity bus or rent-a-car

Figure 6.3: Transport scenario in survey

In T4.4 survey, a journey consisting of three segments (trip from home to airport, air trip, trip from
airport to hotel) is considered (Figure 6.3). The airplane is a main leg, but the segment from the airport
at the destination to hotel is set to be 220 km in order to collect information regarding the users’
attitudes when travelling on distances that cannot be reached by urban public transport. That distance
is also considered to obtain attitudes of potential users of new future service who do not live in a city
which has airport, because they might be very interested in purchasing a single ticket for multimodal
transport which should provide seamless D2D transport service. The same general transport scenario
(Figure 6.4) for all respondents includes:
•
•
•
•
•
•
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Big city with good transport infrastructure for all transport modes;
Origin airport is located 40 km from respondent’s hypothetical home;
Airport accessibility: train, bus, metro, taxi, car;
For each transport mode from home to airport information about cost, travel time, transfer
environment, service frequency, reliability, punctuality and environmental impact, are
provided;
Values of above mentioned attributes are determined from real cases taking into account
different European countries;
Destination airport is the same for all respondents. This airport is smaller;
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•
•

Final destination is located 220 km far from the airport;
From destination airport to hotel at final destination respondents can choose train, bus or
rent-a-car.

General transport scenario

Scenario
A1

Scenario
A2

Scenario
A3

Scenario
A4

Scenario
A5

Scenario
A6

Figure 6.4: “What-if” transport scenario structure in the questionnaire

In addition to the same transport scenario for all respondents, in the questionnaire they also choose
one from six scenarios related to the most frequent purpose of their travel. It was done due to the
need that imagined situation should be the most familiar for each respondent. Following hypothetical
scenarios that were offered to respondents, who were asked to choose one regarding the way they
most often travel:
•
•
•
•
•
•

Scenario A1: I most often travel with friends for leisure,
Scenario A2: I most often travel with partner for leisure,
Scenario A3: I most often travel as a family with kids for leisure,
Scenario A4: I most often travel for business alone,
Scenario A5: I most often combine business and leisure travel with my colleagues,
Scenario A6: Due to my disability, I most often travel with my partner, friend or colleague.

For each of six options, a hypothetical journey scenario is developed. The aim was to set the
respondent in familiar situation, but to be very precise regarding transport service attributes which
are same for all respondents in this imaginary situation. In this way, we could obtain their attitudes
about new future service referring to passenger multimodal transport which should provide seamless
D2D transport. Obviously, that the same person would give different answers depending on his/her
trip purpose (business or leisure):
•
•

In the case of business travel, costs are covered by company and according to that passenger
would give answers,
In the of leisure travel, costs are covered by passengers themselves which is different for
someone who travels alone, with partner or friend or with family with kids.

Presented methodology of the questionnaire design was applied to avoid answers based on the
respondents’ experience, since, as already stated, great level of heterogeneity among European
countries, among different airports in one country and among respondents would cause biased
answers. New service considered in SYN+AIR does not currently exist and it is not desirable that
respondents relate the new service with their existing experience, because that experience varies
greatly from country to country.
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The questionnaire consists of three parts: user profile regarding travel habits, transport scenario based
part and socio-demographic data (Figure 6.5). User profile part should identify travellers’
characteristics that reflect their attitude and travel behaviour when planning and executing journey in
regular situation, before Covid-19. Scenario based part: in order to analyse users’ attitudes and travel
behaviour, respondents will consider two cases (present situation and future service) on one
hypothetical example of journey. Respondents will select trip purpose with appropriate scenario and
based on that they will make choices related to the transport mode from home to origin airport and
from destination airport to hotel. Questions related to different aspects of journey for both cases will
be asked. Socio-demographic part consists of several questions common for all surveys.

PART 1: Socio-demographic characteristics of respondents
PART 2: User "transport" profile: attitude and travel behavior of respondents in
general
PART 3: Transport scenario based part including mode choice, non-coordinate and
coordinate transport service, new service, attribute perception

Figure 6.5: Three parts of questionnaire

In the part related to user profile, following is considered:
•
•
•
•
•
•

Frequency of travel by plane in regular conditions,
The most common purpose of travel,
Habits related to trip planning,
Frequency of travel by public transport in regular conditions (before Covid-19),
Mode of transport from home to airport in regular conditions (before Covid-19),
Questions related to environmental awareness are included in questionnaire due to Annex on
the Environmental Impact Assessment.

In the main part of the questionnaire related to D2D seamless multimodal trip and data sharing among
TSPs, following is considered:
•
•
•
•
•

Developed hypothetical journey scenarios for six different passengers’ profiles,
Multimodal chain consists of three trip segments,
Questions regarding satisfaction/dissatisfaction related to separate attributes and overall
satisfaction with new service,
Attitudes related to searching for information in non-coordinated and in coordinated service
during the trip,
Attitudes regarding respondents’ personal information shared by TSPs.

Finally, in the last part of the questionnaire related to socio-economic characteristic of respondents,
usual questions are asked: age, gender, employment, perception of income level, status related to
household - size of household and number of cars, country of permanent residence and questions
related to possible disabilities.
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The following types of questions are used within the questionnaire: mostly closed-ended questions
with single answer, filter questions (If yes, please…), multiple choice questions (select one option from
defined list of answers), ranking questions, Likert scale questions and demographic questions.
Additionally, few open-ended questions were used and at the end of the questionnaire respondents
could leave comments and impressions about future new service.
When it comes to the scales used, following are singled out scale ranking question (ranking seven
service attributes according to importance), descriptive ranking (selected one answer from options
listed and accompanied by descriptive explanations), and 5-point Likert scale (from 1 for Very
convenient to 5 for Very inconvenient, from 1 for Non-irritated to 5 for Extremely irritated, etc.).

6.4 The pilot survey and questionnaire refinement
Pilot survey was conducted to test developed questionnaire, to obtain information about time needed
to complete it and to check how well respondents understood the questions. Obtained feedback from
participants in pilot survey were used to modify or improve the questionnaire.
The pilot survey was conducted from November 8th until November 11th. In this survey, 28
respondents took a part (11 from Serbia, 11 from Italy, 3 from Greece, 2 from Spain, and 1 from
Ireland). The questionnaire was in English only.
Participants were asked to fill in the questionnaire and to answer the following questions or to give
comments:
1.
2.
3.
4.

How long does it take to complete the questionnaire?
Are the questions clearly formulated and understood?
If there are some mistakes, typos etc.
General impressions and opinion of the questionnaire.

Based on respondents’ answers, average time needed to complete the questionnaire was calculated.
That time was 22.3 minutes (maximum time was 40 minutes, while minimum time was 10 minutes). It
is worth noting that only 4 of 28 respondents needed more than 30 minutes to fill in the questionnaire.
Most of questions were clearly formulated. However, some of them are improved according to
respondents’ suggestions. The question 13 (see Appendix B) was mentioned as technically was not
presented well, but due to limitation of Google forms, improvement was not possible. It is also
observed that the respondents who fill in the questionnaire on their mobile phones might have a
problem with this question; therefore, so it will be suggested to respondents (in the invitation e-mail)
to use their PCs or laptops while answering the questions.
Some offered responses are changed – it was fine tuning of responses in accordance to suggestions
provided by expert for quantitative researches.
Also, it is confirmed that Likert scale should be the same for set of questions regarding features of
transport service (5-point Likert scale). Another confirmation is related to questions where only two
categories of answers in pilot questionnaire (either two positive or two negative) are obtained – these
questions should be kept in questionnaire in order to confirm respondents’ opinion related different
aspects of new future service.
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The question related to overall satisfaction is divided into two questions according to expert’s
suggestion. The reason for do this was to enable multiple choices and to avoid positive and negative
answers in the same question.
Some answers were missed and later added in the list of offered answers according to respondents’
suggestion (the questions 2, 8, and 16).
The questions 6 and 7 switch their places.
There were not typos observed in the questionnaire.
The impression was that the questionnaire is too long with so many explanations. Some effort was put
to keep the quality of questionnaire while reducing the explanations.
The text at the beginning of the questionnaire (explanation related to questionnaire aim and structure)
is significantly reduced. Also, the bar showing progress through the questionnaire was hidden, since it
gives the wrong impression to the respondents. Instead of that, approximate time needed to complete
the questionnaire and the total number of questions are added in this text. Part of the text will be used
in the invitation e-mail.
Finally, additional option is added at the end of questionnaire, aiming to provide possibility for
respondents to leave their comments about how new service could improve their travel experience.
The final version of questionnaire consists of 32 questions, and it can be seen in Appendix B.

6.5 Distribution of the questionnaire and data collection
The survey was conducted online, on Google form platform, from November 16th 2021 till December
15th 2021 with totally 656 responses collected. The questionnaire was disseminated across multiple
channels: LinkedIn, social networks, SYNAIR’s website, by sending emails to different Universities,
different partner projects (ENGAGE - SESAR Knowledge Transfer Network, MobiDataLab (Labs for
prototyping future Mobility Data sharing cloud solutions), FARO (saFety And Resilience guidelines for
aviatiOn), ANIMA (Aviation Noise Impact Management through Novel Approaches), European
Passengers' Federation, European Disability Forum, etc.

6.6 Data cleaning
The data cleaning process can have a significant impact on the reliability and validity of final data, since
using highest-quality data is necessary to perform proper analysis. Cleaning data means elimination of
any anomalous, incorrectly filled or otherwise inconsistent results that could skew an analysis. The
inconsistence indicates that illogical relations observed including contradictions and gaps in data.
After detailed analysis of collected data, from totally 656 collected responses, 19 have been rejected.
Cleaning the sample was based on excluding uncompleted questionnaires and those completed by
people who never travelled by plane, as well as those where inconsistence answers were noticed.
Finally, 637 complete questionnaires were collected and further analysed.
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6.7 Techniques used for data analysis
Besides of descriptive statistical analysis of the obtained data, a cross-tabulation analysis is used to get
deeper insights into the relationships between two or more considered variables. This type of analysis
presents tables in a matrix format which are used to display distribution of the variables’ frequencies.
For determining whether there is a statistical relationship between two variables, the Chi-square (χ2)
test of independence is used for check whether two categorical or nominal variables are likely to be
related or not. The null hypothesis in Chi-square test is that there is no dependence between the two
variables and the alternative hypothesis is the opposite. Commonly, the significance level, α, is set to
0.05, meaning that there is 5% risk of saying that the two variables are not independent when they
really are independent. In the cross-tabulation analysis of this survey, 0.05 level of significance is set
as critical value.
After calculating the test statistic, it is compared to the critical Chi-square value corresponding to
chosen significance level (0.05) and the degrees of freedom for observed data. If the test statistic is
lower than the critical Chi-square value, the hypothesis of independence fails to be rejected and if the
test statistic is higher than the critical Chi-square value the hypothesis of independence can be
rejected. The conclusion about rejecting the hypothesis of independence can be made based on the
calculated p-value (significance) for a test. If the p-value is less than or equal to significance level, it
indicates there is sufficient evidence to conclude that the observed distribution is not the same as the
expected distribution and the hypothesis of independence can be rejected, so one can conclude that
there is dependence between the categorical variables can be made.
In this report, all presented Contingency tables are such that Chi-square test showed dependence
between considered variable, what will be emphasized by quoting calculated Chi-square value and pvalue under the table or within the accompanying text. The calculated Chi-square value is written in
the form χ2 (d, N), where d denotes the number of degrees of freedom 𝑑 = (𝑟 − 1) ⋅ (𝑐 − 1), where 𝑟
is the number of rows and 𝑐 is the number of columns in observed contingency table and N is sample
size.
Other assumptions for performing a Chi-Square test of independence (both variables are categorical,
all observations are independent and cells in the contingency table are mutually exclusive) are satisfied
in all examples.
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7 Survey results and main findings
The results of the survey are presented in this section. They are grouped in accordance with the three
parts of the questionnaire. Each part consists of descriptive statistics and selected meaningful results
obtained from contingency tables. Additionally, descriptive statistics related to PRMs’ answers are
provided. Finally, all findings are summarised in the last sub-section.

7.1 Socio-economic characteristics of respondents – descriptive
statistics
The total sample consists of 600 respondents from Europe (31 countries) and 37 from other continents
(North America, South America, Asia, Africa and Australia). From 600 European respondents, 68.5%
are from the European Union, United Kingdom, Norway and Switzerland and 31.5% are from European
non-EU countries (Serbia, Montenegro, Bosnia and Herzegovina, North Macedonia, Russia and
Ukraine), Figure 7.1.
non-EU in Europe

EU+UK, Switzerland and Norway

31,5%

68,5%

Figure 7.1: Percentage of responses related to residence of respondents from Europe

This distribution (68.5% of respondents from EU+UK, Switzerland and Norway and 31.5% from non-EU
in Europe) is in accordance with the distribution of total population in Europe for 2020. From total
747.6 million in Europe1, 447.3 million is in EU2, and in EU + UK, Switzerland and Norway: 528 million
(70.6%), while approximately 220 million (close to 30%) live in non-EU countries in Europe.

1

https://www.worldometers.info/world-population/europe-population/

2

https://www.statista.com/statistics/253372/total-population-of-the-european-union-eu/
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The total sample consists of 57.3% male respondents, 41.4% female respondents, and 1.2% individuals
that chose answers “Rather not to say” or “Other”, Figure 7.2. The most of respondents are in age
categories 36-45 and 46-55, with 28.3% and 25.6%, respectively. They are followed by the age category
26-35 with 20.9% of the total number of respondents. Other age categories are present with lower
percentages: 56-65 (12.9%), 18-25 (8.3%), 66-75 (3.9%) and 76 or more (0.2%), Σφάλμα! Το αρχείο
προέλευσης της αναφοράς δεν βρέθηκε.. The percentage of respondents who have some disability
that can affect their travel experience is 2.4%.
The gender distribution within this sample is in accordance with other air passenger face-to-face
surveys, which usually have more male than female respondents (58% of male and 42% female
respondents, Greghi et al., 2013 and Yuan et al., 2021). All above mentioned confirms
representativeness of the sample realized.
Most of the respondents live in the households of two (29.8%) and four (27.6%) members. They are
followed by households of three members (21.4%). Single households represent 15.4% of respondents,
while 5.8% are in the category of more than 5 household members. Most households have one car
(47.1%), followed by two cars per household (32.5%). There are 14.8% of households with no car.
Finally, very few households have three (4.4%) or four or more (1.3%) cars.

Male

Female
0,9%

Rather not to say

Other

Average

High

Low

Rather not to say

0,3%
7,4%
6,1%

41,4%
24,0%
57,3%

Figure 7.2: Percentage of responses related to
gender

62,5%

Figure 7.3: Percentage of responses related to
approximate household income

7.2 Characteristics of respondents related to their travel habits –
descriptive statistics
Related to frequency of travel by plane, the vast majority of the sample (88%) were experienced air
passengers (passengers who travel at least one per year). Further, 64.7% of the sample were very
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experienced passengers (frequent fliers): 39.7% of respondents travel 2-4 times per year and 25%
travel 5 or more times per year. The percentage of respondents who usually travel once per year is
23.2%. Finally, very few respondents travel once in a few years (8.9%) or even rarely (3.1%), Figure 7.4.
The majority of respondents travel for both business and leisure purposes (42.7%). They are followed
by approximately equal number of respondents who travel mostly for leisure (20.7%) and mostly for
business (20.3%). The only purpose is leisure (vacation, visiting family and friends, etc.) for 13.7% of
respondents and very few travel only for business (2.7%), Figure 7.5.
45%
40%

40%
35%

35%
30%
23,2%

25%

25,0%

30%
25%

20%

20%

15%

15%
8,9%

10%
5%

42,7%

45%

39,7%

3,1%

20,3%

20,7%
13,7%

10%
5%

2,7%

0%

0%
Up to 3
Once in Once per 2-4 times 5 or more
times in few years
year
per year times per
my life
year

Figure 7.4: Percentage of responses related to
frequency

Only for Mostly for Both for Mostly for Only for
business business business leisure
leisure
and
leisure

Figure 7.5: Percentage of responses related to the
most common purpose of travel by plane

Regarding general travel planning habits, respondents were asked to answer a few questions. The
majority of respondents (55.7%) make detailed plans in advance, 43% make necessary plans and very
few (1.3%) don’t like to plan in advance. Related to buying a ticket for a trip (by any transport mode),
it can be noticed that 68.8% of respondents buy tickets online, 29.2% sometimes online, sometimes in
travel agencies and only 2% never buy tickets online, Figure 7.6. Almost one half of the respondents
always use some applications for planning trips (e.g., booking, routing) or during the journey (e.g.,
routing, travel companions apps), precisely 46.9%. Percentage of respondents who sometimes use
applications is 44% and 9.1% never use applications, Figure 7.7.
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I always use applications
Sometimes I use applications
I never use applications

I always buy ticket online
Sometimes I buy ticket online
I never buy ticket online
2,0%

9,1%
29,2%
46,9%
44,0%

68,8%

Figure 7.6: Percentage of responses related to
buying ticket

Figure 7.7: Percentage of responses related to
using applications for planning trip

In regular situations (before Covid-19 pandemic) 36.4% of respondents travel from home to the airport
by car and 25.4% by taxi/Uber/Cabify/Beat etc., which in total represents 61.8% of the sample. Public
transport is used by 23.4% of respondents to travel to the airport and 14.8% combine different modes
of transport, Figure 7.8.
Related to frequency of using public transport (PT) in regular conditions, before Covid-19 pandemic in
everyday activities (work, shopping, study, etc.), it can be seen that 35.3% of respondents never use
PT or use it very rarely, 23.9% use PT every day, 21% use PT few times per month and 19.8% few times
per week, Figure 7.9.
40%

40%

36,4%

35,3%

35%

35%

30%

25,4%

25%

30%
23,4%

25%
20%

20%
14,8%

15%

10%

5%

5%

0%

0%
Taxi

PT

Combination

Figure 7.8: Percentage of responses related to
mode choice from home to airport
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10%
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23,9%

Every day Few times Few times Never, or
per week per month very rarely

Figure 7.9: Percentage of responses related to
frequency of using public transport in everyday
activities
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One part of the questionnaire was related to respondents’ attitude toward environmental issues. They
were asked if they are familiar with the environmental impact of their travel choice (e.g., public
transport is more environmentally friendly than private cars due to lower emissions, congestion issues,
noise, etc.). This is followed by willingness to change travel habits with available and clear information
about the environmental impact of travel choice (e.g., to shift from private car or taxi to public
transport) to reduce the damage to the environment. Finally, respondents were asked how likely they
are to choose a slightly more expensive travel alternative if it is more environmentally friendly. All
results and findings related to environmental issues will be presented in the Annex on the
Environmental Impact Assessment of this report.

7.3 Contingency Tables Analysis related to socio-economic and
travel characteristics of respondents
In order to perform meaningful contingency tables analysis, some categories of answers are excluded
from further consideration. Namely, in a few of them we faced the issue of small frequency of answers
in some categories; therefore, those were excluded to perform appropriate statistical analysis, and
that resulted in reduction of sample size. For example, in cross-tabulation with Residence of
respondents, it was not possible to obtained meaningful results for 36 answers outside Europe. In a
few other questions, some categories of answers should be re-grouped in order to satisfy the
assumption of Chi-square test that expected value of cells should be 5 or greater in at least 80% of
cells. In the most of examined cross-tabulation, by such regrouping of answers, there were no cells
with less than 5 expected counts, and if some particularly interesting results for the analysis do not
satisfy this assumption (that in all cells the expected value is 5 or greater), it is emphasized in the text
and corresponding table.
Note that in the following bullet list (Q1) is a short notation for Question number 1, etc. Also note that
abbreviation EU+ denotes countries of the European Union, plus the United Kingdom, Norway and
Switzerland, while non-EU is an abbreviation for countries within Europe which are not part of the
European Union.
For the purposes of analysis, related to socio-economic and travel related characteristics of
respondents, the answers were re-grouped in the following questions:
•
•
•
•
•
•
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Travel frequency (Q1): categories “I travelled by plane up to three times in my life” and “I rarely
travel by plane, once in few years” joined as “I rarely travel by plane, once in few years”;
The most common purpose of travel (Q2): categories “Only for business (meetings,
conferences, etc.)” and “Mostly for business” joined as “Business” as well as “Mostly for
leisure” and “Only for leisure (vacation, visiting family and friends, etc.)” joined as “Leisure”;
The way of booking and buying ticket (Q4): categories “Sometimes I buy ticket online,
sometimes in travel agency” and “I never buy ticket online” joined as “Sometimes (or never) I
buy ticket online, sometimes in travel agency”;
What is the place of your permanent residence? (Q25): answers were grouped as “EU+”, “nonEU in Europe” and “outside Europe”;
Please select your age (category of age) (Q27): answers were grouped as “35 or less”, “36-55”
and “56 or more”;
Employment status (Q28): answers were grouped as “Employed (public sector)”, “Employed
(private sector)” and “Other (student, retired, unemployed)”;
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•
•

The number of household’s members (Q29): answers were grouped as “1 (just me)”, “2”, “3”
and “4+”;
Number of cars per household (Q31): answers were grouped as “0”, “1”, “2” and “3+”.

From the sample of totally 600 respondents from Europe, 411 (68.5%) were from EU+ and 189 (31.5%)
were from non-EU. A significant dependence between EU+ or non-EU residence within Europe and
gender distribution in the sample is obtained: χ2 (1, N = 593) = 6.639, p-value = 0.01. Percentage of
male respondents within EU+ was 61.2, and female 38.8%, while gender of respondents within nonEU were equally distributed: 50% male and 50% female respondents. Cross-tabulation Residence by
Age also showed significant dependence, Table 7.1.
Table 7.1: Cross-tabulation of Residence by Age
Age groups
35 or less
36-55
56 or more
Column total %
χ2 (2, N = 600) = 14.976, p-value = .001

Residence EU+
34.3%
49.6%
16.1%
100%

Residence in Europe – non-EU
19%
63.5%
17.5%
100%

Regarding employment status, both in EU+ and non-EU, the vast majority of respondents are employed
in the public sector: 48.2% and 64% respectively. Regarding the private sector, it can be seen that
39.2% of respondents from EU and 25.4% from non-EU work in the private sector, while 12.7%
respondents from EU+ and 10.6% from non-EU are students, retired or unemployed.
Characteristics of respondents concerning habits related to the way they buy a ticket for a trip and use
of applications for planning trips showed significant dependence with Residence. Obtained value of
Chi-square test for Cross-tabulation of Residence by Buying ticket online or not is χ2 (1, N = 600) =
50.545, p-value < 0.0001. Respondents from EU+ were more likely to buy a ticket online (78.3%), while
respondents from non-EU countries in Europe buy tickets online or in agency in almost equal
proportion, Figure 7.10. When it comes to the dependence regarding use of applications for planning
trips, the obtained value of Chi-square test is 24.435 with corresponding p-value < 0.0001, Figure 7.11.
Residence EU+

Residence in Europe – non-EU

100%
80%
60%

Residence EU+
60%

78,3%

54,4%

Residence in Europe – non-EU
55,6%

50%
50,8%

49,2%

40%

32,8%

37,7%

30%
40%

21,7%

20%

20%

10%

0%

0%
Always buy ticket online Sometimes (or never)
buy ticket online

Figure 7.10: Cross-tabulation of Residence by
Buying ticket online or not
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7,8%

11,6%

Always use Sometimes use Never use
applications
applications
applications

Figure 7.11: Cross-tabulation of Residence by Use
of applications for planning trip

D4.4. D4.4 IMPACT ASSESSMENT OF DATA SHARING

Further, a chi-square test of independence was performed to examine the dependence between
residence and the mode choice from home to the airport as well as the frequency of using public
transport (PT), both of them in regular situations (before Covid-19 pandemic). Obtained results are
presented in Table 7.2 and Table 7.3, and on Figure 7.12 and Figure 7.13, respectively.
Table 7.2: Cross-tabulation of Residence by Mode choice from home to airport
Mode choice from home to airport

Residence EU+
32.6%
19.5%
33.3%
14.6%
100%

Car
Taxi*
Public transport
Combination of modes
Column total %
χ2 (3, N = 600) = 62.734, p-value < .0001

Residence in Europe – non-EU
42.3%
38.1%
5.3%
14.3%
100%

Taxi* means Taxi or Uber/Cabify/Beat etc.

Obtained results show that public transport, as a mode choice from home to the airport, in non-EU
countries is very poorly used compared to EU+, which is caused by the fact that generally public
transport infrastructure is more developed within EU+. Also, higher proportion of Taxi* as a mode
choice from home to airport in non-EU countries compared to EU+ is caused by the lower cost of such
services in them.
Residence EU+
42,3%

45%

38,1%

40%
35%

Residence in Europe – non-EU

33,3%

32,6%

30%
25%

19,5%

20%

14,6% 14,3%

15%
10%

5,3%

5%
0%
Car

Taxi

Public transport

Combination of
modes

Figure 7.12: Cross-tabulation of Residence by Mode choice from home to airport

Regarding the frequency of using public transport in regular conditions, the results show that the
percentage of respondents who do not use public transport or use it very rarely is significantly higher
in non-EU countries than in EU+, while approximately equal percentage of respondents use it every
day.
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Table 7.3: Cross-tabulation of Residence by Frequency of using public transport
Frequency of using public transport
Every day
Few times per week
Few times per month
Never or very rarely
Column total %
χ2 (3, N = 600) = 13.516, p-value = .004

Residence EU+
24.3%
20.9%
24.6%
30.2%
100%

Residence EU+

Residence in Europe – non-EU
23.3%
16.4%
15.9%
44.4%
100%

Residence in Europe – non-EU

50%

44,4%

45%
40%
35%
30%
25%

30,2%
24,3% 23,3%

20%

24,6%
20,9%
16,4%

15,9%

15%
10%
5%
0%
Every day

Few times per week Few times per month Never or very rarely

Figure 7.13: Cross-tabulation of Residence by Frequency of using public transport

Cross-tabulations of Gender by Most common purpose of travel by plane and Gender by Approximate
income per household are examined. The obtained results are expected and it is shown that females
generally travel more for leisure, while men generally travel more for business compared to females
(for details see Table 7.4).
Table 7.4: Cross-tabulation of Gender by Most common purpose of travel by plane
Most common purpose of travel by plane
Business
Both business and leisure
Leisure
Column total %
χ2 (5, N = 629) = 21.560, p-value = .001

Male
28.8%
43.3%
27.9%
100%

Female
14.4%
42.8%
42.8%
100%

A significant dependence between Gender and Approximate income per household is obtained: χ2 (3,
N = 629) = 15.995, p-value = 0.001. Percentage of male respondents within high income was 29.9
compared to and 16.3% of female respondents with high income, Figure 7.14.
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Male
80%

Female
70,1%

70%
57,5%

60%
50%
40%

29,2%

30%

16,3%

20%

10%

7,1% 6,8%

5,5% 6,8%

0%
Low

Average

High

Rather not say

Figure 7.14: Cross-tabulation of Gender by Approximate income per households

Regarding differences among the age groups, the first (expected) result concerns the most common
purpose of travel by plane, where significant dependence is obtained: χ2 (4, N = 637) = 58.871, p-value
< 0.0001. Age categories 36-55 and 56 or more showed very similar distribution:
•
•
•

business is the most common purpose of travel by plane for 28.6% and 26.9% of respondents
respectively,
both business and leisure for 46.1% and 47.2% and
leisure for 25.4% and 25.9% respectively.

On the other hand, the distribution for category 35 or less was significantly different:
•
•
•

10.2% of respondents mostly travel for business,
33.9% both for business and leisure and
55.9% for leisure.

Similarly, and as expected, dependence among age groups and employment status can be observed,
Table 7.5. In this sample, a slightly higher percentage of young respondents are employed in the private
sector, compared to other two age groups.
Table 7.5: Cross-tabulation of Age groups by Employment status
Employment status
Employed in public sector
Employed in private sector
Other*
Column total %
χ2 (4, N = 637) = 101.914, p-value < .0001

35 or less
32.8%
40.9%
26.3%
100%

36-55
64.7%
34.4%
0.9%
100%

56 or more
49.1%
30.6%
20.4%
100%

Other* is for students, unemployed, retired etc.

Different age groups also showed different habits related to the way they buy a ticket for trip (χ2 (2, N
= 637) = 10.730, p-value = 0.005) and use of applications for trip planning (χ2 (4, N = 637) = 17.439, pvalue = 0.002). As expected, older respondents are less oriented to the use of applications for trip
planning and online purchasing of tickets, Figure 7.15 and Figure 7.16.
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Sometimes (or never) buy ticket online

Never use applications

Always buy ticket online

Always use applications

43,5%

56 or more

30,6%

36-55

25,3%

0%

20%

40%

60%

80%

Figure 7.15: Cross-tabulation of Age by Buying
ticket online or not

45,2%
47,2%

5,9%

35 or less

74,7%

39,8%
40,7%

7,6%

36-55

69,4%

35 or less

19,4%

56 or more

56,5%

Sometimes use applications

0%

44,1%
50,0%

20%

40%

60%

Figure 7.16: Cross-tabulation of Age by Using
applications for planning trip

When it comes to mode choice from home to the airport, it can be noted that car is dominant choice
in all age groups, but young respondents (35 or less) use public transport much more than other age
categories, more than double compared to respondents with age 56 or more, while it is opposite for
taxi or Uber etc. (see Table 7.6 for more details).
Table 7.6: Cross-tabulation of Age groups by Mode choice from home to airport
Mode choice from home to airport
Car
Taxi*
Public transport
Combination of modes
Column total %
χ2 (6, N = 637) = 16.448, p-value = .012

35 or less
38.7%
18.8%
30.6%
11.8%
100%

36-55
35.3%
26.2%
22.2%
16.3%
100%

56 or more
36.1%
34.3%
14.8%
14.8%
100%

Taxi* means Taxi or Uber/Cabify/Beat etc.

Similar conclusions may be made for Frequency of using public transport in regular conditions (before
Covid-19 pandemic) distribution by Age groups. It is noticeable that young respondents use public
transport much more frequently than middle-aged or older respondents, Table 7.7.
Table 7.7: Cross-tabulation of Age groups by Frequency of using public transport
Frequency of using public transport
Every day
Few times per week
Few times per month
Never or very rarely
Column total %
χ2 (6, N = 637) = 31.179, p-value < .0001

35 or less
34.4%
24.2%
19.4%
22.0%
100%

36-55
21.0%
18.7%
21.0%
39.4%
100%

56 or more
14.8%
15.7%
24.1%
45.4%
100%

Related to dependence between Employment status and the Most common purpose of travel by plane,
the majority of employed respondents both in public and private sector travel both for business and
leisure, while only for business purpose employed in the public sector travel more (30.1%) than in the
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private sector (18.1%). As expected, retired, students or unemployed respondents mostly travel for
leisure (75.5%), Figure 7.17.
Business

Both for business and leisure

Leisure
75,5%

80%
70%
60%
46,4%

50%

44,9%
37,0%

40%
30,1%
30%

23,5%
18,9%

18,1%

20%

5,4%

10%
0%
Public sector

Private sector

Other

Figure 7.17: Cross-tabulation of Employment status by Most common purpose of travel by plane

7.4 Analysis of respondents’ attitudes related to future new service
and impact of TSPs’ data sharing on users’ satisfaction –
descriptive statistics
This section provides descriptive analysis of survey results related to respondents’ attitudes towards
new future service, and they will be presented in two parts. The first part is related to the current
situation and responses regarding hypothetical travel scenarios which are presented in the
questionnaire. Respondents made choices regarding mode of transport from home to the origin
airport and from destination airport to the hotel and answered questions related to these choices. It
is very important to emphasize that this hypothetical scenario was imagined in regular conditions,
without pandemic. The second part of analysis is related to the concept of the future new service, or
fully integrated multimodal transport service. The idea of a new transport service - to integrate
different modes of transport into a single smooth and enjoyable travel experience for passengers - is
briefly explained to respondents. It is pointed out that future new service should be achieved by data
sharing among TSPs which would provide introduction of single ticket for passengers for all trip
segments of one journey (for example, integrated ticket for rail-airline-metro), synchronization of
timetables for all transport modes, single information platform, possibility of remote check-in at the
beginning of journey and infrastructure improvements. As in the first part, the hypothetical travel
example consisted of three segments: from home to the airport, from the origin airport to the
destination airport and from the destination airport to the hotel. Through the set of questions some
aspects of this new service are presented and respondents give their opinion related to that.

7.4.1 Current situation: Descriptive statistics of responses
Six hypothetical scenarios were offered to respondents, who were asked to choose one of them,
regarding the way they most often travel. Based on the chosen scenario, respondents answer the
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group of questions related to factors affecting their mode choice in the current situation. It should be
noted that scenarios are designed to match previously created personas (in deliverable D3.1 of
SYN+AIR).
All scenarios are based on situations where respondents live in a city in which the airport is located 40
km from their home and the airport can be reached by different means of transport (metro, bus, train,
taxi, car). Imaginary trip includes travel by plane (two-hours flight).
Scenario A1 - leisure trip with friends who go on a six days’ vacation on a hiking or touristic tour. They
travel as a group of three friends (respondent and two friends). Each of them carries a backpack or
suitcase (13-15 kg) that must be checked-in at the airport. The respondent travels alone from home to
the airport and he/she will meet friends at the airport.
Scenario A2 - leisure trip with a partner who goes on a three-days city break tour (Friday to Sunday).
Each of them has carry-on luggage (each piece 8kg) and they travel together from home to the airport.
Scenario A3 - leisure trip for family with two kids (respondent, partner and two kids aged 15 and 10).
They go to ten-days summer holiday at the seaside. They have two big suitcases and three carry-on
luggage and travel together from home to the airport.
Scenario A4 - business trip for solo travellers who go abroad to business meetings. He/she will stay
two days and travel costs are covered by the company. He/she has one small suitcase and one laptop
bag (both carry-on luggage) and travels alone from home to the airport.
Scenario A5 - business and leisure combination trip abroad to the conference for respondents with
two colleagues. Conference lasts three days and they will extend their stay for three days for leisure.
Their travel costs and other costs during the conference are covered by the company they work for.
Additional three days are on their own cost. He/she has one suitcase (must be checked-in) and one
laptop bag (carry-on luggage). He/she travels alone from home to the airport and will meet colleagues
at the airport.
Scenario A6 – leisure or business trip for a person with a disability with an accompanying person. They
travel abroad for a one-week holiday or seminar at a Resort/Spa centre. A companion is a friend,
partner or colleague. Each of them has a suitcase and one carry-on luggage and they travel together
from home to the airport.
Bearing in mind all stated, respondents were asked to make a choice regarding different means of
transport from home to the airport exclusively based on data given in Table 7.8. It is important to
emphasize that it was a hypothetical example, and not a real situation in respondents’ hometown.
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Table 7.8: Inputs for making mode choice from home to airport

Metro

Bus

Train

Taxi

Car

Cost (total)

7 € per person

4 € per person

10 € per person

50 €

5€ fuel and parking
ticket 6 € per day

Total travel
time

35 - 45 min,
including time to
reach metro
station, to buy
ticket, waiting time,
in-vehicle time,
walking time from
metro station to
airport

60 - 70 min,
including time to
reach bus station,
to buy ticket,
waiting time,
in-vehicle time,
walking time from
bus station to
airport

45 - 50 min,
including time to
reach train station,
to buy ticket,
waiting time,
in-vehicle time,
walking time from
train station to
airport

35 min
from home to
airport

50 - 55 min,
including walking
time from parking
to airport

Accessibility/
Transfer
environment

10 min of walking
from home to
metro station;
escalators and
elevators available
at the station

5 min of walking
from home to bus
station

10 min of walking
from home to train
station; escalators
and elevators
available at the
station

---

You, alone or with
group or family
come to the airport
by car and leave it
at the parking
during your journey

Frequency

every 7 min

every 15 min

every 20 min

---

---

Reliability/
Punctuality

On time
performance

Possible delay
caused by traffic
congestion

On time
performance

Possible delay
caused by traffic
congestion

Possible delay
caused by traffic
congestion

Good
environmental
choice:

Very good
environmental
choice:

Not
environmentally
friendly choice:

Least
environmentally
friendly choice:

medium level of
congestions,
emissions, noise

low level of
congestions,
emissions, noise

high level of
congestions,
emissions, noise

the highest level of
congestions,
emissions, noise

Environmental
The most friendly
impact
environmental
(related to
choice:
levels of
congestions,
the lowest level of
emissions and
congestions,
generated
emissions, noise
noise)

Note that respondents were not given the option to have someone else drop them off by car from
home to the airport, since in that case there is no corresponding TSP providing that part of the service
(including parking service).
Regarding the offered scenarios, the most of respondents (200 or 31.4%) choose the option to travel
with a partner for leisure, followed by 141 respondents (22.1%) who chose to travel as a family with
kids. Travel for business alone was a choice for 118 respondents (18.5%), travel with friends for leisure
for 97 respondents (15.2%) and combination of business and leisure with colleagues is a choice for 74
respondents (11.6%). Finally, 7 respondents (1.1%) choose a scenario to travel as a person with
disability, Figure 7.18.
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Travel with companion due to disability

1,1%

Combination of business and leisure travel with colleagues

11,6%

Travel for business alone

18,5%

Travel as a family with kids for leisure

22,1%

Travel with friends for leisure

31,4%

Travel with friends for leisure

15,2%
0%

5%

10%

15%

20%

25%

30%

35%

Figure 7.18: Percentage of responses related to the choice of hypothetical scenarios

Regarding different means of transport from home to the airport, metro was the most common choice
(321 respondents or 50.4 %), followed by taxi (94 respondents or 14.8%), train (90 or 14.1%), car (83
or 13%) and bus (49 or 7.7%), Figure 7.19. These results refer to all scenarios, while results per each
scenario are given in Table 7.17.
Metro

Bus

Train

Taxi

Car

13,0%

14,8%
50,4%
14,1%
7,7%

Figure 7.19: Percentage of responses related to the mode choice from home to airport in hypothetical
scenarios

Respondents were asked to rank the attributes in order of importance for making a choice regarding
mode of transport from home to the airport. Ranking was marked from 1 to 7, with 1 being the mark
for most important attribute, 2 for second most important, ..., and 7 for the least important. The
attributes were ranked by the respondents in following order, on scale 1-7:
1.
2.
3.
4.
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Reliability/Punctuality (mean 3.30)
Total travel cost (mean 3.51)
Accessibility/Transfer environment (mean 4.11)
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5. Frequency (mean 4.21)
6. Comfort (mean 4.70)
7. Environmental impact (mean 5.47)
The obtained ranking was expected and in accordance with the generally known facts and other
SYN+AIR’s results. The first three attributes (total travel time, reliability/punctuality and total travel
cost) are in top three choices according to the importance for 71.6%, 55.5% and 55.1% of respondents
respectively. On the other hand, environmental impact was in top three choices according to the
importance for only 12.8% of respondents, see Figure 7.20.
1

2

Total travel time

3

4

5

28,3%

Reliability/Punctuality

21,7%

Total travel cost

23,5%

6

7

31,1%
16,8%

13,2%

17,0%

19,0% 12,6%

Accessibility/Transfer environment
Frequency
Comfort

21,0%

Environmental impact

26,2%
0%

20%

40%

60%

26,5%
34,2%
80%

100%

Figure 7.20: Factors of importance for making choice regarding mode of transport from home to airport

Respondents whose mode choice in a hypothetical scenario was metro, bus or train were asked for
the most frustrating components of total travel time. For an approximately equal number of
respondents those are components related to waiting time: 37% of respondents find waiting time for
train/metro/bus as the most frustrating, and for 36.7% it is waiting time in queue for tickets. Walking
time is the most frustrating for 15.7% and in-vehicle time for 10.7% of respondents, Figure 7.21.
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Walking time

Waiting time for tram/metro/bus

Waiting time in a queue for tickets

In-vehicle time

10,7%

15,7%

36,7%
37,0%

Figure 7.21: Percentage of responses related to the most frustrating component of total travel time by public
transport

The other respondents who chose car or taxi as a mode choice from home to the airport in a
hypothetical scenario were asked for reasons for not choosing public transport. The greatest share of
respondents (37.3 %) do not like crowds in vehicles, especially when carrying luggage. This share is
followed by 26.6% of respondents who do not like walking with luggage to public transport stations
and 19.8% who do not like to wait at the station because they are anxious that they might be late for
flight. There are also 14.1% of respondents who use car/taxi on all occasions and do not have a habit
of using public transport, and 2.3% who answered that they avoid public transport due to their
disability, Figure 7.22.
Walking with luggage to PT station

Crowd in vehicle, especially with luggage

Very anxious might be late for flight

Use car/taxi in all occasions

Avoid PT due to disability
2,3%
14,1%
26,6%
19,8%

37,3%

Figure 7.22: Percentage of responses related to the reasons for not choosing PT as a mode choice from home
to airport in hypothetical scenarios

The questionnaire continued with a hypothetical scenario by giving different options to respondents
to finish their trip to the final destination, which was assumed to be located around 220 km from the
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destination airport. The final destination can be reached by different means of transport – train, renta-car or bus. Train station and rent-a-car office were imagined as located within the airport, while in
the case of the bus which goes to the final destination, respondents had to reach the main bus station
located in the city and they needed first to transfer there by local bus from the airport. Respondents
were asked to make a choice from Table 7.9:
Table 7.9: Inputs for making mode choice from airport to final destination in hypothetical scenario

Cost (total)

Total travel time

Bus

Train

Rent-a-car

Total cost 12 € per person
(children aged 0-14 have 50%
discount).
10 € one-way per person for
bus ticket plus 2 € for ticket
from airport to main bus
station

Total cost 35 € per person
(children aged 0-14 free of
charge).

Total cost 60 € per car.
Average 40 € per day for
renting a car plus 20 € for fuel
costs

Total travel time is 5h:
20 min from airport to main
Total travel time 3h:
bus station (including time to
in-vehicle time 2 hours 35 min,
reach bus station at the
10 min of walking to reach train
airport and to buy ticket),
station and to buy a ticket, 10
waiting time at the main bus
min waiting time, 5 min of
station 1 hour, in-vehicle time
walking time to hotel
3h 25 min, 15 min of walking
time to hotel

Total travel time 2h 45 min
from airport to final
destination, including 10 min
to reach pick-up location.

Rent-a-car agency is located
within the airport complex.
Distance from airport to
destination 225 km.

Accessibility/ Transfer
environment

5 min of walking from bus stop
to main bus station.
Distance from main bus
station to destination 220km.

Train station is located within
the airport complex.
Distance from train station to
destination 190 km. 5 min of
walking from train station to
hotel; escalators and elevators
available at the station.

Frequency

6 per day

20 per day

---

Reliability/ Punctuality

Possible delay caused by
traffic congestion

On time performance

Possible traffic congestion

The dominant choice is train with 68.1% of respondents who chose it. This is followed by rent-a-car
with 20.6% and bus with 11.3% of respondents, Figure 7.23.
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Bus

Train

Rent-a-car

11,3%
20,6%

68,1%

Figure 7.23: Percentage of responses related to mode choice from airport to the final destination

It is interesting to note that 29% of respondents choose the train because the train station is within
the airport, 27.2% because it is the fastest alternative and 25.3% because they find the train is
comfortable. Lower percentage can be observed in the case of respondents who choose a train
because bus/rent-a-car can be delayed due to traffic congestion is 11.1% and 7.4% choose train
because it is a more environmentally friendly alternative, Figure 7.24.
35%
30%

29,0%

27,2%

25,3%

25%
20%
15%

11,1%

10%

7,4%

5%
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The fastest
alternative

Comfortable

Can not be delayed
More
due to traffic
environmentally
congestion
friendly alternative

Figure 7.24: Percentage of responses related to reason to choose train from the airport to the final destination

The bus is mainly chosen as the cheapest alternative (44.4%), which is followed by 30.6% of
respondents who choose bus because they prefer sightseeing and 25% of respondents who choose
bus because it is comfortable, Figure 7.25. The most common reason for choosing rent-a-car is
flexibility to decide when to make a stop, take a break or lunch during a journey to the final destination
(41.2%). The percentage of respondents who choose rent-a-car because they need a car at the final
destination is 33.6%, while 15.3% of respondents find it comfortable due to plenty of luggage and 9.9%
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of respondents choose rent-a-car because it is cheap (cost-effective) when the cost is shared with a
group, Figure 7.26.

Need a car at the final
destination

It is the cheapest
alternative

30,6%
44,4%

33,6%

41,2%

It is comfortable
I prefer sightseeing

9,9%

25,0%

Comfortable due to
plenty of luggage
Flexibility to decide when
to make a stop, etc.

15,3%

Figure 7.25: Percentage of responses related to
reason to choose bus from the airport to the final
destination in hypothetical scenarios

Cost-efective when share
the cost with group

Figure 7.26: Percentage of responses related to
reason to choose rent-a-car from the airport to the
final destination in hypothetical scenarios

Respondents are required to rate their perception of the following factors or activities during journey
from home to the final destination, in terms of how convenient or inconvenient they feel about:
•
•
•
•

Buying separate tickets for trip from home to airport, air ticket and ticket from/to airport to
final destination,
Multiple documents needed (passport, different tickets, etc.),
Usage of different platforms for information related to different modes of transport, and
Usage of different access facilities at terminals.

Percentages for following factors or activities during the journey which could not cause inconvenience
to passengers are: 44.8% (7.1%+10.4%+27.3%) for buying separate tickets for each part of journey,
39% (3.5%+6.9%+28.6%) for multiple documents needed, 32.3% (6.4%+8.3%+17.6%) for searching for
information during journey at different platforms and 74.4% (24.5%+17.1%+32.8%) for access
facilities, Table 7.10.
Table 7.10: Factors or activities during journey which could cause convenience or inconvenience to passengers

FACTORS / ACTIVITIES
DURING WHOLE JOURNEY
Buying separate tickets*
Multiple documents
needed**
Searching for
information***
Access facilities****

It is very
convenient

It is slightly
convenient

7.1%
3.5%

10.4%
6.9%

Neither
convenient
nor
inconvenient
27.3%
28.6%

6.4%

8.3%

24.5%

17.1%

It is slightly
inconvenient

It is very
inconvenient

38.8%
42.1%

16.5%
19%

17.6%

41.8%

25.9%

32.8%

17.9%

7.7%

*Buying separate tickets for each part of journey (e.g., metro-airplane-train)
**Multiple documents needed (passport, tickets, boarding-pass etc.)
*** Searching for information during journey at different platforms for different modes of transport
**** Access facilities (elevators, ramps, vertical and horizontal escalator, automated people mover)
information during journey at different platforms for different modes of transport
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Table 7.11. shows the percentage of responses related to the factors or activities that might irritate
respondents during the journey from home to the final destination. Results showed that respondents
perceive Possible disruptions and delays as the most irritating factor. Total of 95.1% of respondents
find this factor irritating, very irritating and extremely irritating, while as much as 43.6% of respondents
find this factor Extremely irritating. Non-coordinated timetables in the terms of non-synchronized
arrival and departure times are the second irritating factor (83.7% of respondents find it irritating, very
irritating and extremely irritating). These are followed by Long walking distance between terminals
during transfer (70.1%) and Carrying baggage during transfer (63.7%), Table 7.11.
Table 7.11: Factors or activities during journey which could cause passengers’ irritation
FACTORS / ACTIVITIES
DURING WHOLE JOURNEY

It is nonirritating

Timetables *
Long walking distance**
Possible disruptions and delays***
Carrying baggage****

1.9%
4.6%
0.6%
8.2%

It is
slightly
irritating
14.4%
25.3%
4.2%
28.1%

It is
irritating

It is very
irritating

33.3%
34.5%
19.6%
28.4%

31.4%
22.3%
31.9%
22%

It is
extremely
irritating
19%
13.3%
43.6%
13.3%

*Timetables are non-coordinated and arrival/ departure times are non-synchronised which cause prolonged waiting times in
transfer points
**Long walking distance between terminals of different modes of transport (e.g., metro station and airport) during transfer.
***Possible disruptions and delays in one part of journey may cause missing flight or ride from airport to hotel.
****Carrying baggage during transfer from one mode to other mode

7.4.2 Current situation: Contingency Tables Analysis related to hypothetic
travel scenarios
In this part of the report, selected cross-tabulations related to the current situation in the context of
multimodal transport chain with the air transport as the main leg, are presented, enabling deeper
insights into certain relations among selected hypothetical scenarios, choices related to the transport
mode and respondents’ characteristics.
A significant dependence between EU+ or non-EU residence within Europe and mode choice in
hypothetical scenarios is obtained: χ2 (4, N = 600) = 22.461, p-value < 0.0001. Although, both in EU+
and in non-EU the most frequent choice from home to the airport in hypothetical scenarios (under
conditions from Table 7.10) was metro, significantly different percentage of respondents were
observed for bus (8.8% in EU+ and 5.8% in non-EU), train (16.8% in EU+ and 9% in non-EU) and taxi
(10.2% in EU+ and 23.3% in non-EU), Figure 7.27. This difference in percentage of responses who
choose a taxi might be caused by respondents’ experience. Due to the given conditions (cost, total
travel time, accessibility) for making mode choice in a hypothetical scenario, it seems that respondents
also made choices based on their previous experience, which is, in the case of taxi service, cheaper and
so more accessible in non-EU countries. On the contrary, respondents in EU+ have much better
experience with using train, due to better rail infrastructure and that may be the reason for almost
double percentage of train as a mode choice to the airport in EU+ than in non-EU countries.
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Residence EU+
60%
50%

52,1%

Residence in Europe – non-EU

49,7%

40%
30%

23,3%
16,8%

20%
8,8%

10%

9,0%

5,8%

12,2% 12,2%

10,2%

0%
Metro

Bus

Train

Taxi

Car

Figure 7.27: Cross-tabulation Residence by Mode choice from home to the airport in hypothetical scenarios

When it comes to dependence between Age of respondents and Mode choice from home to the airport
in hypothetical scenarios, it can be noted that generally, younger respondents are more oriented to
public transport – totally 82.8% of respondents up to 35 years old choose PT options (metro, bus or
train). At the same time, respondents who are older (56 years or more) in higher percentage choose
taxi or car compared to other two age groups, (see Table 7.12 for more details).
Table 7.12: Cross-tabulation of Age groups by Mode choice from home to airport in hypothetical scenarios
Mode choice from home to airport in
hypothetical scenarios
Metro
Bus
Train
Taxi
Car
Column total %
χ2 (8, N = 637) = 27.710, p-value = .001

35 or less

36-55

56 or more

61.8%
10.2%
10.8%
8.1%
9.1%
100%

47.8%
7.0%
15.7%
15.7%
13.7%
100%

38.9%
5.6%
14.8%
23.1%
17.6%
100%

Table 7.13 presents mode choices from home to the airport in hypothetical scenarios distributed by
the Age groups and by the Residence. It can be noticed that older EU+ citizens prefer the train, just
after metro, while older non-EU respondents most frequently choose taxi or metro to access the
airport, while train is the very last option. Similar conclusions can be made for the middle-aged
category, except that metro is absolutely the most frequent choice (47.1% in EU+ and 51.7% in nonEU European countries).
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Table 7.13: Mode choice from home to the airport in hypothetical scenarios by the Age groups and by the
Residence
Mode choice from
home to airport in
hypothetical
scenarios
Metro
Bus
Train
Taxi
Car
Column total %

Residence
35 or less

EU+
36-55

56 or more

35 or less

63.8%
12.1%
9.2%
5.7%
9.2%
100%

47.1%
8.3%
20.6%
11.3%
12.7%
100%

42.4%
3.0%
21.2%
16.7%
16.7%
100%

61.1%
2.8%
11.1%
16.7%
8.3%
100%

non-EU in Europe
36-55
56 or more
51.7%
5.0%
9.2%
22.5%
11.7%
100%

30.3%
12.1%
6.1%
33.3%
18.2%
100%

It can also be noted that different age groups differently value some of attributes based on importance,
regarding mode of transport from home to the airport. Statistically significant differences among age
groups in ranking factors from 1-7, with 1 being the most important factor to 7 being the least
important, were obtained for factors Total travel cost and Accessibility/Transfer environment, Table
7.14. Based on that, it can be concluded that the importance of total travel cost is decreasing by aging,
while the importance of factors related to accessibility and transfer environment is increasing by aging.
Table 7.14: Importance of Total travel cost and Accessibility on scale 1-7 by Age groups

Total travel cost
Accessibility/Transfer environment

35 or less
3.13
4.50

36-55
3.53
4.01

56 or more
4.07
3.78

For respondents who chose public transport modes (metro, bus or train) in hypothetical scenario from
home to the airport, Chi-square test for independence showed statistically significant dependences for
Residence (χ2 (3, N = 441) = 9.042, p-value = 0.029) and Age groups (χ2 (6, N = 460) = 13.819, p-value =
0.032) with Most frustrating component of total travel time by public transport.
Figure 7.28 shows that respondents from EU+ find Walking time and In-vehicle time more frustrating
compared to non-EU respondents, while for non-EU respondents the most frustrating component of
total travel time is Waiting time in queue for tickets.
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Residence EU+

Residence in Europe – non-EU

50%

44,3%

45%

39,3%

40%

35,7%

34,8%

35%
30%
25%
20%
15%

16,9%
12,5%

11,5%

10%

4,9%

5%
0%
Walking time

Waiting time for
train/metro/bus

Waiting time in
queue for tickets

In-vehicle time

Figure 7.28: Cross-tabulation Residence by Most frustrating component of total travel time by public

transport
Different age groups also showed different distributions of responses related to the most frustrating
component of total travel time, Figure 7.29. Both for young and older respondents, the most
frustrating component is Waiting time for train/metro/bus, while for middle-aged respondents it is
Waiting time in queue for tickets. In-vehicle time component was significantly less frustrating for older
respondents than for young and middle-aged.
Walking time

Waiting time for train/metro/bus

Waiting time in queue for tickets

In-vehicle time

100%
90%

13,0%

11,2%

80%
70%

29,9%

3,1%

43,8%
39,3%

60%
50%
40%

40,9%

30%

32,2%

45,3%

20%
10%

16,2%

17,4%

35 or less

36-55

0%

7,8%
56 or more

Figure 7.29: Cross-tabulation Age by Most frustrating component of total travel time by public transport

Table 7.15 presents distribution of percentages of answers related to the most frustrating component
of total travel time both among different ages and between EU+ and non-EU respondents.
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Table 7.15: The most frustrating component of total travel time by public transport for different Age groups
and different Residence in Europe
AGE

EU + UK,
Switzerland and
Norway

Walking time
Waiting time for
train/metro/bus
Waiting time in
queue for tickets
In-vehicle time

Total

Non-EU countries
in Europe

Walking time
Waiting time for
train/metro/bus
Waiting time in
queue for tickets
In-vehicle time

Total

35 or less
18.3%
40.0%

36-55
20.0%
29.0%

56 and more
2.3%
47.7%

28.3%

36.8%

45.5%

13.3%
100%
3.7%
44.4%

14.2%
100%
12.7%
38.0%

4.5%
100%
18.8%
37.5%

40.7%

45.6%

43.8%

11.1%
100%

3.8%
100%

0.0%
100%

Related to the factors or activities that might irritate respondents during the journey from home to
the final destination, dependence of factor Carrying baggage during transfer from one mode to
another with gender is obtained. Chi-square test for Cross-tabulation of Gender by Carrying baggage
during transfer from one mode to another is χ2 (4, N = 629) = 17.508, p-value = 0.001. As expected,
females are almost twice the percentage extremely irritated by carrying baggage, Figure 7.30.
Male
35%

31,8%
29,3%

30%

26,5%

25,8%
23,9%

25%
20%

Female

17,8%

18,9%

15%
10,1%

9,9%

10%
6,1%
5%
0%

Extremely
irritating

Very irritating

Irritating

Slightly irritating Non-irritating

Figure 7.30: Cross-tabulation Gender by Carrying baggage during transfer from one mode to other

Moreover, different Age groups showed statistically significant different levels of irritation by Carrying
baggage during transfer from one mode to another, Table 7.16. As expected, two thirds of both middlePage I 63
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aged and older respondents are extremely irritated, very irritated and irritated by carrying baggage
during transfer. At the same time, more than half of younger respondents are also extremely irritated,
very irritated and irritated (54.3%).
Table 7.16: Cross-tabulation Age groups by Carrying baggage during transfer from one mode to other
Carrying baggage during transfer from
on mode to other
Extremely irritating
Very irritating
Irritating
Slightly irritating
Non- irritating
Column total %
χ2 (8, N = 637) = 20.165, p-value = .010

35 or less

36-55

56 or more

14.5%
12.9%
26.9%
33.9%
11.8%
100%

12.2%
26.5%
29.4%
24.5%
7.3%
100%

14.8%
23.1%
27.8%
29.6%
4.6%
100%

Different offer of hypothetical scenarios was, among the other reasons, caused by the fact that users
make different choices of transport mode from home to the airport and from the airport to the final
destination, depending on the size of the group with which they travel and the purpose of travel, as
well. Obtained results prove that claim. Both in mode choice from home to the airport and from the
airport to the final destination showed significant dependence with the choice of scenarios. From Table
7.17 one can see that the metro is the first choice in all scenarios, with the percentage varying from
38.3 when travelling as a family with kids (A3) to 57.5 in scenario when travelling with friends for leisure
(A1). Taxi or Car as a mode choice from home to the airport under conditions from Table 7.8 are chosen
in higher percentage in Scenario A3: I most often travel as a family with kids for leisure. Train is the
second best mode choice for both scenarios concerning business travellers (Scenario A4 and A5). Car
is the second best choice with 17.5% of respondents in Scenario A2: I most often travel with a partner
for leisure. Due to small frequency of responses (only 7) Scenario A6: Due to my disability, I most often
travel with my partner, friend or colleague was not considered in Cross-tabulation and results related
to respondents with reduced mobility will be presented separately.
Table 7.17: Cross-tabulation Hypothetical scenario choice by Mode choice from home to airport
Mode choice
from home to
airport

Scenario A1
(with friends
for leisure)

Scenario A2
(with partner
for leisure)

Metro
57.7%
54.0%
Bus
13.4%
8.0%
Train
10.3%
13.0%
Taxi
12.4%
7.5%
Car
6.2%
17.5%
Column total %
100%
100%
χ2 (16, N = 630) = 56.229, p-value < .0001

Scenario A3
(family with 2
kids for leisure)

Scenario A4
(solo business)

Scenario A5
(business and
private with
colleagues)

38.3%
5.0%
11.3%
27.0%
18.4%
100%

50.0%
4.2%
20.3%
16.9%
8.5%
100%

55.4%
9.5%
17.6%
10.8%
6.8%
100%

Conditions for mode choice from the airport to the final destination are given in Table 7.9. The most
frequent choice in all scenarios is train, but with significantly different proportions: χ2 (8, N = 630) =
52.564, p-value < 0.0001. Figure 7.31 shows distribution of choices per scenario. Briefly, one can
Page I 64

D4.4. D4.4 IMPACT ASSESSMENT OF DATA SHARING

conclude that Train is absolutely the dominant choice for business travellers, while rent-a-car was quite
a frequent choice for leisure trip for family with kids (A2), followed by leisure trip with friends (A1).
These results are also expected due to the fact that the final destination in the hypothetical example
was set to be 220 km away from the airport.
Bus

Sc. A5

4,1%

Sc. A4

6,8%

Sc. A3

11,3%

Sc. A2

Train

83,8%

9,3%

51,8%

36,9%

69,0%

17,5%
0%

12,2%

83,9%

13,5%

Sc. A1

Rent-a-car

17,5%

59,8%
20%

40%

22,7%
60%

80%

100%

Figure 7.31: Mode choice from the airport at destination to the final destination in hypothetical scenario
choices

7.4.3 Future new service: Descriptive statistics of responses
In this section statistical analysis related to respondents’ attitudes toward future new service is
presented. It is important to emphasize that respondents were asked to express their perception about
satisfaction of service that does not exist yet. Their impressions are based on imaginary scenarios and
situations in which they might find themselves, but also on their travel experience in the past.
Regarding general satisfaction with future new service, 98.6% of respondents would be satisfied with.
From them, 55.3% think that with new service journeys will be seamless and easier for passengers,
27.2% find that the level of service will be improved and 15.1% think that new service will promote
public transport as a more environmentally friendly option. Additionally, 15 respondents answered in
open form and most of them think that the new service will improve all three described aspects of
service. Few respondents point out their scepticism about the safety of remote check-in luggage in a
sense that possibility to lose luggage could be increased.
Very few respondents would not be satisfied with future new service. As a main reason for
dissatisfaction, they choose the answer that there is no significant difference between present and
new future service. Besides, few respondents don’t like it because they don’t like to be monitored
during the journey or they don’t like to plan in advance how they will go to/from the airport. One
respondent gave an answer in open form noting that future new service could be implemented only
in large cities and noticed that in remote areas with, for example, one bus a day it will be hard to
implement it.
Table 7.18 presents results related to passenger satisfaction on different aspects of new transport
service. A negligibly small percentage of respondents would not be satisfied (very unsatisfied and
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unsatisfied) with any aspect of the service (0.9% - 1.8%). There are also respondents who are
indifferent to various aspects of the new service. For example, close to 10% of respondents are neither
satisfied nor dissatisfied with the service Drop off the luggage in the city centre and Single Card with
QR code.
Most respondents would be satisfied with all the new service attributes listed in Table 7.18.
Approximately 93% of respondents are satisfied or very satisfied on Synchronized arrival/departure
times among different transport service providers, Single information platform and Message related
to delay. It is followed by 90% and 88.6% of respondents who would be satisfied with the services
Single Card with QR code and Drop off the luggage in the city centre.
Table 7.18: Aspects of future new service

ASPECT OF NEW SERVICE

Single ticket with QR code*
Timetable**
Single information platform***
Message related to delay****
Drop off the luggage in the city
centre*****

Very
unsatisfie
d

Unsatisfied

0.5%
0.6%
0.3%
0.3%
0.9%

0.9%
0.9%
0.6%
0.8%
0.9%

Neither
satisfied
nor
unsatisfie
d
8.6%
4.7%
5.5%
5.5%
9.6%

Satisfie
d

Very
satisfie
d

44.3%
36.6%
40%
36.7%
37.7%

45.7%
57.1%
53.5%
56.7%
50.9%

* Single ticket with QR code (for example, rail, air and bus tickets as one ticket) meaning that you buy a ticket before journey
at single provider (online or in travel agency) so during the journey you will not wait for buying ticket (counter ticketing or
ATM machine)
** Synchronized arrival/departure times among different transport service providers in order to minimize waiting time during
transfers
*** Single information platform, meaning that all real time information related to your journey (including all segments of
your trip) will be available on a mobile (cellular) phone application.
**** In case of a disruption causing delay during a journey, you will receive an instant mobile phone message about the
options for continuing the journey
*****In some terminals, for example located in a city centre or at train stations, it will be possible to check-in at the beginning
of your journey, meaning that you can drop off the luggage, pick up the boarding pass and enjoy stress-free transfer to the
airport

In order to implement new transport service, it is necessary to assess respondents’ willingness to share
some personal data from air tickets to other transport service providers. It was noted to the
respondents that, within the new service, their personal data are going to be handled in respect of
data protection and privacy regulations by all transport service providers (TSPs). Related to using data
from single tickets by different TSPs (e.g., airlines, rail operators etc.), 79.5% of respondents answered
that they would agree with data sharing. Percentage of respondents who would not agree with data
sharing is 9.7%, and 10.8% of respondents don’t know if they would agree, Figure 7.32. Of those who
would not agree, 52.5% answered that they don’t like to be monitored during the journey, 47.5% are
afraid that someone could abuse their personal data and 4.3% are worried about both security and
data privacy. It is worth noting that of the 131 respondents (20.5% of total sample) who said that they
wouldn’t agree with sharing data from their single ticket among different TSPs or still don’t know if
they would share data, 88.5% answered that they use applications for planning trip (Table 7.19), which
usually include some data sharing.
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Table 7.19: Answers from respondents who wouldn’t agree with sharing data from their single ticket related
to the use of applications for trip planning
Using data from your single ticket by
different transport service providers
No, I would not
agree

Use of applications
for planning trip

I
always
use
applications
I sometimes use
application
I
never
use
applications

Total

Yes, I would agree

Total
% Within Use of
app.

I don’t know

38.7%

40.6%

39.7%

46.8%

50.7%

48.9%

14.5%

8.7%

11.5%

100%

100%

100%

No, I would not agree

I don’t know

10,8%
9,7%

79,5%

Figure 7.32: Percentage of responses related to respondents’ willingness to agree with using data from their
single tickets by different transport service providers

Percentage of respondents who has already used public transport from home to the airport is 28.1.
With this new service, considering a trip from home to the airport, 56.7% of respondents would shift
from car to public transport, while 12.1% of respondents would not do that, and 3.1% don’t know if
they would change their choice, Figure 7.33. Totally 361 respondents would shift to public transport,
from which 95 respondents would absolutely shift to public transport with new service (26.3%). Most
of respondents (143 or 39.6%) would shift to public transport if its station or stop is near their home
or hotel, followed by 81 respondents (22.4%) who would shift if they travel only with hand luggage
and 42 respondents (11.6%) who would shift to public transport if they travel alone, Figure 7.34.
Respondents who would not shift to public transport (77 of them) prefer car or taxi, think that public
transport is not comfortable to them when going to/from the airport or don’t see that the new service
could be significantly better compared to the present situation with public transport.
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3,1%
Yes, if I travel alone

11,6%

12,1%
28,1%

I already use PT

Yes, if I travel with hand
luggage

I would shift to PT
I wouldn't shift to PT

22,4%

Yes, absolutely

26,3%

I don't know

56,7%

Yes, if public transport
station or stop is near my
home or hotel

39,6%
0% 10% 20% 30% 40% 50%

Figure 7.33: Percentage of responses related
possibility to shift to PT with future new service

Figure 7.34: Percentage of responses related to
conditions for shifting to PT with new service

Regarding single ticket price, 47.6% of respondents would use this service, if the price of a single ticket
is the same as the sum of prices of separated tickets for different transport modes. Percentage of
respondents who would use this service, even if the price of a single ticket is slightly higher than the
sum of prices of separated tickets for different transport modes (e.g., sum of prices of separated tickets
is 300 €, single ticket price is 330 €) is 35.3. Finally, 16.6% of respondents would use this service, only
if a single ticket is cheaper than the sum of prices of separated tickets for different transport modes
and only 0.5% wouldn’t use this service, no matter what the price of a single ticket.

7.4.4 Future new service: Contingency Tables Analysis
Shift to public transport, as one of the goals of future new service showed statistically significant
dependence with the Residence. With Chi-squared test of independence, it is obtained that χ2 (3, N =
600) = 35.234, p-value < 0.0001. In addition to the already noticed tendency of respondents from EU+
to use public transport, obtained results showed significantly higher proportion of respondents from
non-EU willing to shift to PT with new service compared to EU+ (68.3% vs. 50.9%), Figure 7.35.
Residence EU+

Residence in Europe – non-EU

80%
68,3%

70%
60%

50,9%

50%
40%

36,7%

30%
20%

13,2%

10,0%

13,8%

10%

2,4%

4,8%

0%
I already use PT

Yes

No

I don't know

Figure 7.35: Cross-tabulation of Shift to PT to airport with future new service by Residence
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More detailed analysis with cross-tabulation of the conditions under which respondents would shift to
PT by the Residence is presented in Table 7.20.
Table 7.20: Cross-tabulation of the conditions under which respondents would shift to PT by the Residence
Shift to PT to airport with future new service

36.7%
13.1%
12.9%
6.8%
18.0%
4.6%

Residence in Europe –
non-EU
13.2%
19.6%
13.2%
6.3%
29.1%
7.9%

2.4%

3.7%

2.9%

2.1%

2.4%
100%

4.8%
100%

Residence EU+

I already use public transport
Yes, absolutely
Yes, if I travel with hand luggage
Yes, if I travel alone
Yes, if PT station or stop is near my home or hotel
No, I prefer car or taxi
No, I don’t see it could be significantly better
comparing to present situation with public transport
No, public transport is not comfort to me when I go
to/from airport
I don’t know
Column total %
χ2 (8, N = 600) = 41.180, p-value < .0001

Significant dependence was also obtained in cross-tabulation of Shift to PT with future new service by
Age groups: χ2 (6, N = 637) = 18.506, p-value = 0.005. It can be concluded from Figure 7.36 that in
category No, older respondents are less willing to shift to PT compared with middle-aged and younger
respondents.

35 or less

36-55

56 or more

70%
58,3% 58,3%

60%

52,7%

50%
40%
30%
20%

37,6%
25,7%
19,4%

18,5%
8,1%

10%

12,2%
1,6%

3,8% 3,7%

0%
I already use PT

Yes

No

I don't know

Figure 7.36: Cross-tabulation of Shift to PT with future new service by Age groups

As expected, results of Chi-square test of independence also show significant dependence between
Number of cars per household and Shift to PT while traveling from home to the airport with future
new service, Table 7.21. Category “I don’t know” is excluded due to the small frequency of answers for
respondents who do not own cars and those who own more than three cars per household.
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Table 7.21: Cross-tabulation Shift to PT with future new service by Number of cars per household
Shift to PT with future new service
I already use public transport
Yes
No
Column total %
χ2 (6, N = 617) = 64.485a, p-value < .0001
a1

0 car per
household
54.8%
40.9%
4.3%
100%

1 car per
household
33.3%
55.9%
10.8%
100%

2 cars per
household
13.4%
69.8%
16.8%
100%

3 or more cars
per household
14.7%
61.8%
23.5%
100%

cell (8.3%) have expected count less than 5. The minimum expected count is 4.24.

Finally, female respondents would shift to PT from home to the airport with this new service in a higher
percentage (60.2%) compared to male (54.2%). Statistically significant dependence was confirmed by
Chi-square test of independence: χ2 (2, N = 610) = 7.395, p-value = 0.025, Figure 7.37.
Male
70%

Female
60,2%

60%

54,2%

50%
40%
30%

27,9% 28,4%
15,1%

20%

8,0%

10%

2,7%

3,4%

0%
I already use PT

Yes

No

I don't know

Figure 7.37: Cross-tabulation of Shift to PT with future new service by Gender

To have a better insight into different groups of respondents’ willingness to pay for future new service,
a group of 175 respondents who chose Car or Taxi as a mode choice from home to the airport in
hypothetical scenarios is selected. Cross-tabulation between Age groups and price of a single ticket
that they are willing to pay show significant dependence: χ2(4, N = 175) = 12.561, p-value = 0.014,
Figure 7.38.
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I would use this service, if the price of single ticket is the same as sum of prices of separated tickets
I would use this service, even if the price of single ticket is slightly higher than the sum of prices of separated tickets
I would use this service, only if single ticket is cheaper than sum of prices of separated tickets
46,9%

50%

44,0%

40%

44,0%

37,2%

34,4%

34,9%
27,9%

30%
18,8%

20%

12,0%
10%
0%
35 or less

36-55

56 or more

Figure 7.38: Cross-tabulation of Single ticket price by Age groups

7.5 Survey results related to answers from respondents with
disabilities that may affect their travel experience: Descriptive
statistics
Totally 15 respondents answered that they have some disabilities that may affect their travel
experience. Regarding their country of residence and gender, it can be seen that nine respondents are
from EU+, five are from non-EU countries in Europe and one respondent is outside Europe, six are
males and nine are females. Other socio-economic characteristics of these 15 respondents are:
•

Age groups: two respondents are 35 or younger, eight respondents in group 36-55 and five of
them are in group 56 or older.
Employment status: six are employed in public sector, four in private sector, four are retired
and one is student
Approximate household income: average for eight respondents, high for two, three of them
rather not say and two have low income
Household size: eight respondents live in household of two members, three of them live alone,
one in a household of three members and three in household of four or more members. Only
two respondents have no car per household, ten of them have one and three two cars per
household.

•
•
•

Respondents were allowed to choose multiple choices related to area in which disability affect them:
•
•
•
•
•
•
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Hearing – one respondent
Mobility – nine respondents
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I rarely travel by plane, once in few
years

3

4

I usually travel by plane once per
year
I often travel by plane, two, three or
four times per year

3
I frequently travel by plane, five or
more times per year

5

Figure 7.39: Frequency of travel by plane for PRM respondents

The most of respondents (6) travel for both business and leisure purposes, 2 travel mostly for business,
3 travel mostly for leisure and 4 respondents only purpose is leisure (vacation, visiting family and
friends, etc.). Related to frequency of travel by plane, the most of respondents are experienced air
passengers, Figure 7.39. Most of them make detail travel plans in advance (11), only 2 of them never
buy ticket online and 3 of them do not use applications for planning trip.
Regarding mode choice from home to airport, only two respondents use public transport and one
combination of different modes of transport, Figure 7.40. Eight of them do not use public transport or
use it very rarely, while three respondents use it every day in regular conditions.

By combining different modes of transport

By public transport

By Taxi or Uber/Cabify/Beat etc.

By car
0

1

2

3

4

5

6

Figure 7.40: Mode choice from home to airport in regular conditions (before Covid-19 pandemic)

Related to mode choice in hypothetical scenario with inputs given in
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Table 7.8 respondents mostly choose metro and taxi, Figure 7.41.
Metro

Bus

Train

Taxi

Car

2
5

5
1
2

Figure 7.41: Mode choice from home to airport in hypothetical scenario

Table 7.22 presents results related to ranking of attributes in order of importance for making a choice
regarding mode of transport from home to the airport. Ranking was marked from 1 to 7, with 1 being
the mark for most important attribute, 2 for second most important, ..., and 7 for the least important.
Table 7.22: Ranking attributes in order of importance for making a choice regarding mode of transport from
home to the airport
Attributes:
Total travel time
Accessibility/Transfer
environment
Total travel cost
Comfort
Reliability/Punctuality
Frequency
Environmental impact

N
15

Minimum
1

Maximum
6

Mean
3.07

Std. Deviation
1.831

15

1

7

3.47

1.959

15
15
15
15
15

1
1
1
2
2

7
7
7
7
7

3.53
3.60
4.00
4.87
5.47

1.995
2.414
1.927
1.552
1.457

It is interesting that ranking for PRM respondents is slightly different than for respondents without
disability that may affect travel experience. As expected, they value Accessibility/Transfer environment
more – for PRM respondents it is second by importance (with mean 3.47), while for all respondents it
is on the fourth place (with mean 4.11). Also, note that Total travel time is the most important attribute
for PRM respondents and all respondents. Comfort is more important for PRM respondents (mean
3.60) compared to all respondents (4.70).
Most of respondents who chose taxi or car as a mode choice from home to airport in hypothetical
scenarios answered that they avoid public transport due to their disability. Those who chose public
transport, answered that the most frustrating component of total travel time component is related to
waiting time (waiting for bus/metro/train or waiting in a queue for tickets).
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Concerning mode choice from destination airport to final 220km away destination in hypothetical
scenario, with inputs for choice given in Table 7.9, 9 respondents choose train, 4 choose rent-a-car and
2 choose bus.
Related to respondents’ perception of selected factors or activities during journey from home to the
final destination, in terms of how convenient or inconvenient they feel about, following results are
obtained, Table 7.23. It can be noticed that obtained answers are distributed similarly as in general
sample.
Table 7.23: Factors or activities during journey which could cause convenience or inconvenience – responses
of PRM passengers

FACTORS / ACTIVITIES
DURING WHOLE JOURNEY

It is very
convenient

It is slightly
convenient

1

3

Neither
convenient
nor
inconvenient
5

0

2

0
6

Buying separate tickets*
Multiple documents
needed**
Searching for
information***
Access facilities****

It is slightly
inconvenient

It is very
inconvenient

4

2

5

4

4

2

4

3

6

3

0

6

0

*Buying separate tickets for each part of journey (e.g., metro-airplane-train)
**Multiple documents needed (passport, tickets, boarding-pass etc.)
*** Searching for information during journey at different platforms for different modes of transport
**** Access facilities (elevators, ramps, vertical and horizontal escalator, automated people mover)

Distribution of responses related to factors that might irritate travellers during the journey is presented
in Table 7.24.
Table 7.24: Factors or activities during journey which could cause passengers’ irritation – responses of PRM
passengers
FACTORS / ACTIVITIES
DURING WHOLE JOURNEY

It is nonirritating

Timetables *
Long walking distance**
Possible disruptions and delays***
Carrying baggage****

1
0
0
1

It is
slightly
irritating
5
6
2
4

It is
irritating

It is very
irritating

7
5
1
1

1
3
8
6

It is
extremely
irritating
1
1
4
3

*Timetables are non-coordinated and arrival/ departure times are non-synchronised which cause prolonged waiting times in
transfer points
**Long walking distance between terminals of different modes of transport (e.g., metro station and airport) during transfer.
***Possible disruptions and delays in one part of journey may cause missing flight or ride from airport to hotel.
****Carrying baggage during transfer from one mode to other mode

Reactions of respondents with some disabilities that might affect travel experience are examined
through next set of questions. Attitude for 14 of 15 respondents is that they would generally be
satisfied with future new service, of which most think that with new service the journeys will be
seamless and easier for passenger, followed by those who think that the level of service will be
improved, and one respondent gave answer in open form: “I like it, it will create less barriers for people
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with disabilities like me”. One respondent answered that he/she would not be satisfied with future
new service, and explained reasons by a following comment: “The realism. This would work likely with
a few large cities. What if the destination is far, in a remote area with 1 bus a day? Also, security: if you
drop off your luggage at a bus stop and it will be checked in already there, there are multiple
possibilities for failure. Delays, physical security of your stuff, higher likelihood for it delayed, and you
will not have any access to your stuff until the destination. Oh, and accessibility”. The levels of
satisfaction related to selected aspects of new service are presented in Table 7.25.
Table 7.25: The level of satisfaction related to aspects of new service – responses of PRM passengers

ASPECT OF NEW SERVICE
Single ticket with QR code*
Timetable**
Single information platform***
Message related to delay****
Drop off the luggage in the city
centre*****

Very
unsatisfied

Unsatisfied

0
0
0
0
0

0
0
0
1
0

Neither
satisfied
nor
unsatisfied
1
2
0
0
1

Satisfied

Very
satisfied

3
5
5
6
3

11
8
10
8
11

* Single ticket with QR code (for example, rail, air and bus tickets as one ticket) meaning that you buy a ticket before journey
at single provider (online or in travel agency) so during the journey you will not wait for buying ticket (counter ticketing or
ATM machine)
** Synchronized arrival/departure times among different transport service providers in order to minimize waiting time during
transfers
*** Single information platform, meaning that all real time information related to your journey (including all segments of
your trip) will be available on a mobile (cellular) phone application.
**** In case of a disruption causing delay during a journey, you will receive an instant mobile phone message about the
options for continuing the journey
*****In some terminals, for example located in a city centre or at train stations, it will be possible to check-in at the beginning
of your journey, meaning that you can drop off the luggage, pick up the boarding pass and enjoy stress-free transfer to the
airport

Answers related to respondents’ willingness to share some personal data from air tickets to other
transport service providers are shown in Figure 7.42.
No, I would not agree

I don’t know

Yes, I would agree

1
2

12

Figure 7.42: Answers on question related to share some personal data from air tickets to other TSPs
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Beside 2 respondents who answered that they already use public transport from home to airport, 6 of
them would not shift to PT with this new service (1 don’t see significant difference to current situation,
2 of them prefer car/taxi and 3 of them don find public transport comfortable to/from the airport).
Willingness to shift to PT with future new service showed 7 respondents, but none of them absolutely
(3 of them would shift to PT if travel with hand luggage, 3 if PT station is close to their home/hotel and
1 if travels alone). Generally, this group of respondents with some disabilities that might affect travel
their experience showed less will to shift to PT with new service compared with respondents without
disabilities.
Regarding the price of single ticket, 8 respondents would use this service, even if the price of a single
ticket is slightly higher than the sum of prices of separated tickets for different transport modes, 4 of
them if the price of a single ticket is the same as the sum of prices of separated tickets for different
transport modes and 3 of them if a single ticket is cheaper than the sum of prices of separated tickets
for different transport modes.
At the end of the questionnaire, respondents were given option to comment how could new service
additionally improve their travel experience, if they wish. Few obtained comments, that can be useful
for TSPs, may be seen below:
•
•
•

If it was accessible and comfortable to use for all passengers, it could be useful between select
destinations. E.g., a lot less stress while traveling blind etc.
One-time payment... if I could add more types of transport to 1 ticket... online
Make end-to-end accessibility information clear and sure. The main problem for people with
disabilities is that bus/metro/train accessibility is not guaranteed in advance, so that the safest
option is (rent-a-) car or taxi.

7.6 Findings and conclusions
Sample: Despite challenges of online survey conducting, the obtained sample satisfied all
requirements such as sample size and its representativeness. The set goals have been achieved
concerning target population (frequent travellers) from all continents of which majority from Europe
(31 countries), gender and age distribution, as well as proper ratio between employed and other
categories (students, retired and unemployed).
Mode choice from home to the airport in regular non-Covid condition: Obtained results (23.4% Public
transport, and 14.8% Combination of different modes of transport) are in accordance with the share
of public transport to airports in Europe. On average, the share of public transport as mode choice to
access the airport varies between 20% and 40% (based on data for different airports and countries in
Europe, given in DATASET2050, 2016). The level of public transport mode share is the result of many
years of planning and investment into infrastructure access to the airport. Most major European cities
have a train/metro/short distance train that connects the airport to the city centre as well as the
airport catchment area. The share of public transport to London Heathrow Airport is 41.1%, followed
by German airports 30% on average for 22 airports, DATASET2050, 2016. Scandinavian countries have
the highest share of public transport as access mode to the airport. For example, the public transport
share at Oslo Airport was up to 72 percent in 2019, which is among the highest in the world, AVINOR
2020. Public transport to the Copenhagen airport has a very substantial modal share of surface access
– 62% public transport share in 2015 (metro 23%, train 36%, bus 3%), OECD 2018.
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Mode choices in hypothetical scenarios: Although respondents were given precise inputs for all
possible modes of transport from home to the airport, it can be noticed that the experience of real
situations in respondents’ hometowns/countries had significant influence on their choices. For
example, respondents from non-EU countries in Europe more frequently choose taxi as a mode choice
compared to respondents from EU, despite the fact that they have the same inputs in a hypothetical
scenario. Namely, taxi service in non-EU countries is significantly cheaper than in the EU. Also, train as
a mode choice is much more frequent among EU respondents. This is due to the high level of rail
infrastructure development in EU countries, while in non-EU last decades there was no investment
into infrastructure of railway systems.
Time factors as key driver for mode choice: Based on obtained results on ranking factors of
importance for making decisions about transport mode choice from home to the airport, total travel
time and reliability/punctuality are singled out. That is why it is not surprising that waiting time (waiting
time for train/metro/bus and waiting time in queue for tickets) is the most frustrating component of
total travel time. Besides, these results are in line with respondents’ opinion about the most irritating
factor during the journey in general - possible disruptions and delays, followed by non-coordinated
timetables in the terms of non-synchronized arrival and departure times. In that sense, the aspects of
future new service that would mostly satisfy potential customers are again related to travel time.
Majority of respondents mostly prefer the following aspects of new service: Synchronized
arrival/departure times among different transport service providers and Message related to delay.
New future transport service: The idea of a new future service – multimodal transport – means
integration of different modes of transport including single ticket for passengers for all trip segments
of one journey (for example, integrated ticket for rail-airline-metro), synchronization of timetables for
all transport modes, single information platform, possibility of remote check-in at the beginning of
journey and infrastructure improvements. Synchronization is requested for low frequency systems.
Metro or, in general, high frequency systems (more than 4 rides/hours) synchronisation exists de facto.
Taking into account all above mentioned aspects of multimodal transport, the vast majority (98.6% of
respondents) would be satisfied with the new service. Besides already singled out aspects of time
(Synchronized arrival/departure times among different transport service providers and Message
related to delay) Single information platform is very important for 93.5% of respondents.
Data sharing from users’ perspective: In order to provide a high level of integration between transport
modes and further to make an environment for cooperation among TSPs, especially in a domain of
transport, traffic and passenger data sharing, it is necessary to have customers’ consent to share some
personal data. Taking into account that data will be shared in respect of data protection and privacy
regulations by all transport service providers, almost 80% of respondents answered that they would
agree with data sharing.
Shift from car/taxi to the public transport: Not taking into account respondents who already use
public transport, 79% of respondents are willing to shift to public transport on their trip from home to
the airport, under some conditions. Most respondents (39.6%) would shift to public transport if the
public transport station or stop is near their home or hotel, followed by 22.4% respondents who would
shift if they travel only with hand luggage and 11.6% respondents who would shift to public transport
if they travel alone. One quarter of respondents would shift to public transport without any conditions.
PRM: The opinions of passengers with reduced mobility slightly differs from the opinions of other
passengers. The main difference can be observed in their ranking Accessibility/Transfer environment
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as the second by importance (while for all respondents it is on the fourth place). Also, note that Total
travel time is the most important attribute for PRM respondents and all respondents. Comfort is
another aspect that is more important for PRMs compared to all respondents. Due to their disability,
PRMs avoid PT, and most of them would not shift to PT. In general, these respondents have positive
opinion related to new service.
Impact assessment of not sharing the data: Based on survey results, as the most significant current
losses caused by not sharing the data among TSPs, following factors/activities are singled out as
inconvenient:
•
•
•

Searching for information during journey at different platforms for different modes of
transport for 67.7% of respondents;
Multiple documents needed (passport, tickets, boarding-pass etc.) for 61.1%;
Buying separate tickets for each part of journey (e.g., metro-airplane-train) for 55.3%.

Survey results also show that in the case when Timetables are non-coordinated and arrival/departure
times are non-synchronised which cause prolonged waiting times in transfer points, 98.1%
respondents are more or less irritated.
Impact assessment of data sharing: Data sharing is measured through the passengers’ satisfaction
related to new future service. The results show that vast majority of respondents would be satisfied
by new service including data sharing among TSPs. The influence of data sharing can be perceived
through following:
•

•

•

All ages groups show willingness to use PT as a part of new future service. Regarding
respondents who already use or would shift to PT, results show that percentage of
respondents in these categories is in inverse proportion with the ages: 77.7% from category
56 or more, 84% from 36-55, and 90.3% from 35 or less. Note that young respondents are
actually future users of this new service, and this high percentage will provide added value due
to the fact that they will get used on using PT.
Respondents from EU+ already use public transport in significantly higher proportion
compared to non-EU respondents (36.7% vs. 13.2%). Considering shift to PT, non-EU
respondents from European countries show higher willingness (68.3% vs. 50.9%). These results
are expected since PT systems and infrastructure are highly developed in EU+ countries.
Female respondents are slightly more willing to shift to PT.

Directions for policy makers and TSPs could be derived from the conditions under which possible users
would shift to PT. Namely, almost 40% of respondents would shift to PT if station or stop is near home
or hotel. These results indicate the importance of strategic planning of the network and stations, which
should provide stations and stops in the highly densely populated areas. Besides infrastructure
improvements, development of single information platform is recognised as notable advantage of
future new service.
Guidance for TSPs regarding the single ticket price is obtained from readiness of possible users to pay
certain price for this new service. Namely, 82.9% of respondents would pay a single ticket slightly more
or the same as the sum of prices of separated ticket for different transport modes.
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8 Annex on the Environmental Impact
Assessment
8.1 Introduction
According to Grant Agreement (Grant Agreement-894116-SYN AIR), an Environmental Impact
Assessment (EIA) should be executed when the Smart Contracts Framework3 is created technologically.
However, the prevalent elements of the EIA should be defined in T4.4.
Data sharing and improved collaboration among TSPs lead to improved operations which impact the
environment in a currently unexamined way. Therefore, potential impact of introducing the new
multimodal service, which should optimize the overall transportation system and allow passengers to
make informed choices by choosing transport option based on information related to environmental
impact: carbon footprint, other emissions and noise (i.e. environmental awareness in transport mode
choice) should be analysed.
This Annex lays the foundations for executing an EIA by determining the variables, impacted by
improved data sharing, that have the potential to affect the environment. As already mentioned, the
EIA is envisioned to be executed after piloting the technology which will provide insight into the impact
of the technology in correlation with real-world variables (since SYN+AIR remains an exploratory
project, the impact of the proposed technology after implementation will be projected and not
measured (SYN AIR, 2020).
Firstly, a sustainable transport is defined and set goals for the European transportation system are
discussed. Secondly, the EIA scope and main characteristics are explained with reference to legislation
and other documents. Thirdly, the main findings of the literature review related to environmental
impact assessment are given. Also, indicators which could be used for environment impact assessment
are proposed. Finally, survey results related to environmental issue are presented in the last
subsection.

8.2 European Sustainable Transportation System
In an increasingly urbanizing world, transportation has emerged as one of the most important
industries with constant demand growth (both passenger and freight). Such growth has its positive as
well as negative effects on the society and environment. In order to “control” negative effects of the
constant growth, concept of sustainability and sustainable development has been introduced in
transportation, like in many other areas. The most widely used definition of sustainable development,
from the Brundtland Commission, is the basis of most definitions for sustainability in various

3

Business Process Model which will include the steps for generating a Smart Contract i.e., agreements among
TSPs that define data sharing criteria, and for defining its scope, parties’ obligations, contract’s time span and
fulfilment criteria
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disciplines: ‘‘Development that meets the needs of the present without compromising the ability of
future generations to meet their own needs’’ (WCED, 1987).
While the definition of a sustainable transportation system is varied, there is emerging consensus that
transportation system sustainability should capture attributes of system effectiveness and system
impacts on economic development, environmental integrity, and social quality of life (Figure 8.1).
However, the present status of addressing sustainability in transportation planning indicate a higher
focus on the effectiveness of transportation systems as well as the resulting environmental impacts
(mainly air quality impacts), and less of a focus on economic and social impacts. Sustainability
assessment can be incorporated at the planning level in order to influence decision making, and
support policies that affect regional sustainability (Jeon et al., 2013).

Environmental Sustainability

Transportation
System
Sustainability

Environmental Integrity
Natural Resources
System Resilience

Economic Sustainability
Economic Efficiency
Economic Development
Financial Affordability

Transportation
System
Sustainability

Socio-cultural Sustainability
Social Equity
Safety
Human Health
Quality of Life

Transportation System Effectiveness
Congestion reduction
Mobility
System Performance

Figure 8.1: Main factors of transportation system sustainability
Source: Jeon et al. (2013)

More sustainable transport means putting users first and providing them with more affordable,
accessible, healthier and cleaner alternatives. A key objective is to significantly increase the use of
clean vehicles and alternative fuels (European Commission, 2022a).
Improving efficiency across the whole transport system is crucial. Multimodal transport – the
combining of various transport modes throughout a journey – can contribute to efficiency and also
increase the use of sustainable transport modes. In fact, EU European Commission has been actively
supporting sustainable urban mobility plans (SUMP) whose main concept is the integration of all
transport modes (ELTIS, 2019).
The pollution is felt the most in cities. A combination of measures is needed to address air quality,
emissions, urban congestion and noise. Transportation plays a key role in urban sustainability planning,
while public transportation is often framed as a key component of building sustainable cities.
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Conversely, the social, economic, and environmental impacts of transport are framed as critical issues
that can challenge the sustainability of cities and regions (Miller et al., 2016).
In aviation, the Single European Sky initiative should significantly reduce aviation emissions at zero
cost to consumers and companies by reducing flight times. The EU will pay particular attention to
reducing pollution in EU ports as well as the pollutants emitted by aeroplanes and airport operations
(European Commission, 2022a). Also, the substitution of certain air passenger transport, mainly shorthaul flights, with equivalent high-speed rail services implies potential savings in the quantities and
related costs of social and environmental impacts, such as airport airside delays, noise, and local and
global emissions of greenhouse gases (Janić, 2011).
Even the Europe's transport system has been a huge success, transport is currently responsible for a
quarter of the EU's greenhouse gas (GHG) emissions and this figure continues to rise as demand grows.
The reduction targets are set, e.g., the European Green Deal seeks a 90% reduction in these emissions
by 2050 (European Commission, 2022a).
The transportation related white papers and vision documents define the future KPIs and goals from
an emission reduction point of view. For example, the White Paper (European Commission, 2011) on
the future of transportation, defines its key goals for 2050 as the following (Rohacs and Rohacs, 2020):
•
•
•
•

no more conventionally-fuelled cars in cities;
40% use of sustainable low carbon fuels in aviation;
at least 40% cut in shipping emissions;
50% shift of medium distance intercity passenger and freight journeys from road to rail and
waterborne transport;
• all of which will contribute to a 60% cut in transport emissions by the middle of the century.
According to European Aviation Environmental Report 2019 (EASA, EEA, EUROCONTROL, 2019), in
2016, aviation (as one of the main legs in the multimodal chain in this project) was accountable for
3.6% of the total EU28 greenhouse gas emissions and for 13.4% of the emissions from transport. This
percentage is still growing, and it is expected that until 2050 air transport CO2 emission would grow 3
to 4 times compared to emission level of the year 2000 (Lee et al., 2010). The major Air Traﬃc
Management (ATM) initiatives in Europe – Single European Sky ATM Research (SESAR), set the targets
for reducing the environmental impacts in terms of noise, air quality and climate change. Very
important European project Clean Sky, has the goal to identify, develop and validate the key
technologies necessary to achieve major steps towards the ACARE (Advisory Council for Aeronautics
Research in Europe) environmental goals for 2050 and those are: CO2 emissions per passenger
kilometre reduced by 75%, NOx emissions reduced by 90%, reduction in perceived external noise of
65%, all compared to 2000 levels, emission-free aircraft movements when taxiing, etc. (ACARE, 2017).

8.3 Environmental Impact Assessment
The Environmental Impact Assessment (EIA) Directive is one of the oldest and one of the most
important pieces of EU environmental legislation. It ensures that environmental considerations are
properly taken into account when project decisions are made. Since its initial adoption 35 years ago, it
has systematically provided a high level of protection of the environment and contributed to the
integration of environmental considerations into the preparation of projects. All this with a view to
reducing their environmental impact and making the projects more sustainable, contributing to
sustainable development (European Commission, 2021). Currently, in the EU, the EIA procedure is
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implemented under European Union Directive 2011/92/EU, as amended by Directive 2014/52/EU on
the assessment of effects of certain public and private projects on the environment (EIA Directive),
(European Commission, 2017).
The main tool for ensuring the proper integration of environmental concerns into the decision-making
process of projects is the environmental impact assessment procedure. It ensures that projects, likely
to have significant effects on the environment (because of their nature, size and location), are subject
to an environmental assessment prior to their approval or authorisation (prior to Development
Consent4 being given). The EIA must identify, describe, and assess the direct and indirect effects of a
project on a number of environmental factors, as well as the interaction among these various elements
(European Commission, 2021).

8.3.1 Review of the relevant literature for the EIA
For the purpose of this Annex, the relevant research is selected and presented, with the emphasis on
the indicators used for the environmental impact assessment. More details about analysed factors and
indicators are presented in Appendix D.
In order to better address current socio-economic and environmental challenges arising within a
transport environment, new technological developments and innovative approaches are required.
Research and innovation can provide the answer to many issues arising through this changing reality,
offering novel solutions to assist the mobility of people and goods, but it has to be supported by the
appropriate policy framework that will act as an enabler toward this direction (Tsakalidis et al., 2020).
Roadmaps focusing on seven thematic areas including smart mobility are defined, as follows (European
Commission, 2022b):
•

•
•
•

•

•

4

Connected and automated transport, supporting the development of a customer-centric,
intermodal and integrated transport system aiming at greater efficiency, safety and wellbeing,
and environmental impacts mitigation;
Transport electrification;
Vehicle design and manufacturing;
Low-emission alternative energy for transport, focusing on renewable fuels production,
alternative fuel infrastructures, as well as the impact of these technologies on transport systems
and services covering all transport modes;
Network and traffic management systems, supporting the development of an advanced
multimodal transport system through the optimization of the entire transport network across new
areas;
Smart mobility and services, supporting new and emerging technologies such as electric and
autonomous vehicles, drone technology and on-demand mobility services;

Development Consent means the decision by the Competent Authority or authorities that entitles the Developer to proceed
with the Project (European Commission, 2017).
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•

Transport infrastructure, supporting the development of research and innovation, testing new
methodologies, and preparing the ground for future transport infrastructure policies.

New transport-related systems and services need to be evaluated in terms of their contribution to the
overall energy and transport system sustainability. Therefore, the importance of advanced multimodal
transport system and environmental impact issue could be noticed, and the EIA should be provided.
Sustainability is usually evaluated using a set of measurable indicators. Generally, transportation
sustainability indicators may be classified into the four major categories: transportation system
effectiveness-related, economic, environmental, and socio-cultural/equity-related indicators. The
present status of addressing sustainability in transportation planning and provision seems to indicate
a higher focus on the effectiveness of transportation systems as well as the resulting environmental
impacts (mainly air quality impacts), and less of a focus on economic and social impacts. It is very
important that performance measures are developed to capture a community’s goals and objectives.
So, performance measures or indicators for different regions may be different if their visions are
different (Jeon et al., 2013).
When selecting transportation performance indicators, the following principles should be applied
(Litman, 2011):
•

Comprehensive – Indicators should reflect various economic, social and environmental impacts,
and various transport activities (such as both personal and freight transport);
• Data quality – Data collection practices should reflect high standards to insure that information
is accurate and consistent;
• Comparable – Data collection should be standardized, so the results are suitable for comparison
between various jurisdictions, times, and groups. Indicators should be clearly defined. For
example, “Number of people with good access to food shopping” should specify ‘good access’
and ‘food shopping’;
• Easy to understand – Indicators must be useful to decision-makers and understandable to the
general public. The more information condensed into a single index, the less meaning it has for
specific policy targets (for example, Ecological Footprint analysis incorporates many factors) and
the greater the likelihood of double counting;
• Accessible and Transparent – Indicators (and the data they are based on), and analysis details
should be available to all stakeholders;
• Cost effective – The suite of indicators should be cost effective to collect. The decision-making
worth of the indicators must outweigh the cost of collecting them;
• Net Effects – Indicators should differentiate between net (total) impacts and shifts of impacts to
different locations and times;
• Performance targets – Select indicators that are suitable for establishing usable performance
targets.
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8.3.2 Proposed indicators for EIA
According to Grant Agreement, an EIA is envisioned to be executed after piloting the technology, which
will provide insight into the impact of the technology in correlation with real-world variables. However,
the prevalent elements of the EIA, defined as “all conditions and variables that can potentially affect
the environment, positively or negatively, provided that all other variables remain unchanged”, should
be defined in T4.4.
The introduction of new coordinated multimodal services - seamless door-to-door (D2D) transport, as
well as technology support which allows passengers to make more informed choices, is expecting to
have some implications on travellers’ behaviour and choices, e.g., related to mode choice.
The main “contribution” of the new service, related to environmental issue, is expected to be shift
from private car or taxi to public transport: bus, train, metro (all with different potential environmental
impact). Also, demand responsive transportation can potentially affect positively, since it regulates the
usage of modes to match only what is required, minimising unnecessary usage (SYN AIR, 2020).
Since SYN+AIR is an exploratory project, the impact of the proposed technology after implementation
will be projected and not measured (SYN AIR, 2020). So, the values of assumed (proposed) indicators,
that reflects previously mentioned issues should be estimated, and then determine the direct and
indirect effects of those values (changes related to current state). It is very important to define
“current” values properly, i.e., define a baseline scenario (before introduction of a new service).
The changes should be determined (estimated) per airport for the following indicators, before and
after introduction of a new service:
Passenger demand related indicators:
1. Shift from private car or taxi to PT for travel from/to airport expressed in number of passengers Shift of a certain number (percentage) of passengers from private car or taxi to some of the
available modes of PT (bus, train, metro) is expected to lead to lower number of cars on the
streets, which is positive effect (see indicator listed as No. 2, e.g. public space could be used for
more greenery, wider sidewalks, bicycle lanes, easier goods delivery, etc.). On the other hand, this
could cause the need for certain changes in capacity and infrastructures in transport area, which
could be considered as a negative effect (see indicator listed as No. 3). Also, new service could
potentially induce increase in number of travels, but with assumption of shift of certain number
of passengers to PT, the impact of this increase could be partly “mitigated”;
2. Shift from private car or taxi to PT for travel from/to airport expressed in number of cars – It is
expected that number of cars (on the streets/roads) will decrease, which will have direct and
indirect impact on congestion, generated emissions and noise, climate change, as well as on the
land use. This shift will be expressed through the estimated number of cars based on number of
passengers shifted (the shift could be one passenger per car, two passengers per car, etc.,
therefore, some average value could be assumed);
3. Change in number of passengers by available transport modes for multimodal chain (modal split
before and after introduction of a new multimodal service) – Changes in modal split (changes in
demand) could cause the need for changes in the necessary capacity and infrastructures for some
of transport modes and TSPs, with potential to have both positive and negative effect. The
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exchange of information among different TSPs could (partially) mitigate those need for changes,
by minimising unnecessary capacity (due to lower demand uncertainty). Also, since the shift to
more environmentally friendly modes of transport (train, metro) is expected to a certain extent,
these changes could be considered as positive as well. Negative effects could relate to potential
additional costs for TSPs, in terms of infrastructure changes which could lead to lower greenery,
while fleet renewal could positively affect the environment;
Indicators related to characteristics of transport systems and each mode of transport:
4. Average age of fleet by available modes of transport for multimodal chain - Average age of fleet
in different modes of transport could influence emission and noise – younger fleet usually has
better performances, and promote the use of more sustainable fuels, which all induce lower
emissions and noise generation;
5. Quality level of airport access infrastructure expressed in average speed, average fuel/energy
consumption, access facilities, average or total walking time/distance between transfer points –
Better quality of access infrastructure could influence the higher level of shift of passengers to the
“target” mode of transport to/from the airport (depending on availability and characteristics of
certain transport modes for the given airport), in order to promote mode(s) with the lower
environmental impact;
6. Congestion and delays indicator – With expected decrease in number of cars on the street/roads
and with better demand management (due to information exchange and consequently lower
demand uncertainty), decrease in congestions and delays are expected, too. That means lower
unnecessary fuel consumption, and consequently lower levels of generated emissions and noise,
and better land use (land devoted to transportation facilities), as well;
Indicators related to general environmental impact (different measures and indicators could be used,
depending on the available data, target level of accuracy, etc.):
7. GHG emissions indicator – Derived indicator from the previous ones (indicators 1-6). The objective
is as lower as (practically) possible level of emissions of greenhouse gasses. The emitted gasses
have negative effects. Some of these effects could be more local, while other could be more
global. Some emissions have short-term and others long-term impact (on climate change). The
negative effects depend on location of the emission, type and quantity of emitted gas, weather
conditions, etc.
8. Generated noise indicator – Also derived indicator from the previous ones (indicators 1-6). It is
better when the level of generated noise is as lower as possible. The spatial distribution of noise
generation is also very important (for example, the “damage” of generated noise is lower in rural
or uninhabited areas, than in urban city areas).

8.4 Survey results related to environmental issue
In order to perceive the user’s awareness of the impact of their travel on the environment (generally
or with certain transport mode choice), their interest for this issue and willingness to change their
travel habits, or even pay slightly higher price for the more environmentally friendly travel choice,
several questions are included in the questionnaire used in passengers' survey (Section 7, Appendix B).
Page I 85

D4.4. D4.4 IMPACT ASSESSMENT OF DATA SHARING

The environmental related questions, included in User profile part of the questionnaire (which should
identify travellers’ characteristics that reflect their attitude and travel behaviour when planning and
executing journey), were the following (questions 8-10, see Appendix B):
•
•
•

Are you familiar with environmental impact of your travel choice (e.g., public transport is more
environmentally friendly than private car due to lower emissions, congestion issue, noise,
etc.)?
If you could have easily available and clear information about environmental impact of your
travel choice, how willing would you be to change your travel habits (e.g., to shift from private
car or taxi to public transport) to reduce the damage you cause to the environment?
How likely you are to choose a slightly more expensive travel alternative if it is more
environmentally friendly?

In hypothetical scenarios, for different transport mode choice (metro, bus, train, taxi, and private car)
presumed characteristics related to the given attributes, were presented (Table 7.8). Environmental
impact related to different transport mode choices, with corresponding levels of congestions,
emissions, and generated noise, was presumed as follows (question 12, Appendix B):
•
•
•
•
•

Metro → The most friendly environmental choice: the lowest level of congestions, emissions
and noise,
Bus → Good environmental choice: medium level of congestions, emissions, and noise,
Train → Very good environmental choice: low level of congestions, emissions, and noise,
Taxi → Not environmentally friendly choice: high level of congestions, emissions, and noise,
Private car → Least environmentally friendly choice: the highest level of congestions,
emissions, and noise.

Questions that are not “directly” environmental related, but are related to public transport use in
everyday activities (question 7, Appendix B) and shift from car to PT (as one of the very important
issues for environmentally friendly transport (question 23, Appendix B), also could be interesting in
further analysis. The results of the survey (descriptive statistics and selected results obtained from
contingency tables) related to environmental issues are presented below.
Related to familiarity with the environmental impact of their travel choice (e.g., public transport is
more environmentally friendly than private car due to lower emissions, congestion issue, noise, etc.),
most of the respondents (86.5%) are familiar with the given issue: 59.3% are also very interested, while
27.2% are not interested much in the same issue. The percentage of respondents who are not familiar
with the same issue is 13.5%, of which 10.4% are interested in the given issue, while very few
respondents (3.1%) are not familiar and not interested in the same issue.
The highest percentage of the respondents (37%) would be moderately willing to change their travel
habits (e.g., to shift from private car or taxi to public transport) to reduce the environment damage, if
they could have easily available and clear information about the environmental impact of their travel
choice. But, also, 31% of the respondents would be very willing and 9.3% extremely willing (40.4% in
total) for this change, under mentioned conditions. Further, 17.1% of the respondents are slightly
willing and 5.5% are not at all willing to change their travel habits to reduce the negative environmental
impact, Figure 8.2. The similar likeliness of choosing slightly more expensive travel alternative, if it is
more environmentally friendly (but with somewhat lower values for extremely and very likely), is
obtained, Figure 8.3.
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Extremely willing

Very willing

Extremely likely

Very likely

Moderately willing

Slightly willing

Moderately likely

Slightly likely

Not at all likely

Not at all willing

5,5%

8,6% 4,4%

9,3%

17,1%
26,7%

21,4%
31,1%

37,0%
38,9%

Figure 8.2: Percentage of responses related to
willingness to change travel habits to reduce the
negative environmental impact

Figure 8.3: Percentage of responses related to
likeliness of choosing slightly more expensive
travel alternative

On the other hand, when respondents were asked to rank the attributes (total travel time,
reliability/punctuality, total travel cost, accessibility/transfer environment, frequency, comfort,
environmental impact) in order of importance for making transport mode choice from home to airport
(ranking was marked from 1 to 7, with 1 being the mark for most important attribute, 2 for second
most important, ..., and 7 for the least important), the environmental impact has shown to be of the
least importance (mean value of 5.47). This attribute was in top three choices for only 12.8% of
respondents, see Figure 7.20 (Section 7.4.1). It could be concluded that the environmental impact is
still not so important for respondents when choosing mode of transport to/from the airport.
Also, “I choose train because it is more environmentally friendly alternative” was offered as one of the
possible reasons for choosing train (among bus, train and rent-a-car) to travel from the airport to final
destination. Percentage of respondents who chose train because it is more environmentally friendly
alternative is 7.4%, Figure 7.24 (Section 7.4.1). This result confirms the conclusion from the previous
paragraph - the environmental impact still does not affect the transport mode choice significantly.
Regarding general satisfaction with future new service (seamless D2D passenger multimodal
transport), 98.6% of respondents would be satisfied with, 15.1% of which thinks that the new service
will promote public transport as more environmentally friendly option.
The willingness to shift from car to public transport, under certain conditions, is also one of the
important indicators for the environmental issue. Percentage of respondents who already use public
transport from home to airport is 28.1. With the new service, 56.7% of respondents would shift from
car to public transport (considering trip from home to airport), while 12.1% of respondents would not
and 3.1% don’t know, Figure 7.33 (Section 7.4.3). From respondents who would shift to public
transport, 26.3% would absolutely shift to public transport with new service, and the rest of
Page I 87

D4.4. D4.4 IMPACT ASSESSMENT OF DATA SHARING

respondents would shift to public transport under certain conditions, Figure 7.34 (Section 7.4.3). Those
results indicate that (potentially) high percentage of passengers would shift to public transport (under
certain conditions and/or with new improved service), which means more environmentally friendly
transport to the airport.
For the purposes of analysis, for some questions the answers were re-grouped and those are (besides
those already listed in Section 7.3):
•

•

•

Are you familiar with the environmental impact of your travel choice: categories “Yes, and I’m
very interested in that issue” and “Yes, but I’m not interested much in that issue” joined as
“Yes” as well as “No, but I’m interested in that issue” and “No, and I’m not interested in that
issue” joined as “No”;
How willing would you be to change your travel habits to reduce the damage you cause to the
environment: categories “Extremely willing” and “Very willing” joined as “Very or extremely
willing” as well as “Not at all willing” and “Slightly willing” joined as “Slightly willing or not at
all willing”;
How likely you are to choose a slightly more expensive travel alternative if it is more
environmentally friendly: categories “Extremely likely” and “Very likely” joined as “Very or
extremely likely” as well as “Not at likely” and “Slightly likely” joined as “Slightly likely or not
at all likely”.

Some of characteristics of the respondents’ travel habits and their environmental issues attitude
showed significant dependences, for example, frequency of using public transport in everyday
activities (work, shopping, study, etc., in regular conditions, before Covid-19 pandemic) and willingness
to change travel habits to reduce the damage to the environment. Respondents who use public
transport more frequently (every day or few times per week), are more willing to change travel habits
(very or extremely willing), than those that less frequently use public transport in every day’s activities,
Table 8.1.
Table 8.1: Cross-tabulation of Frequency of using public transport by Willingness to change travel habits to
reduce the damage to the environment
Changing travel habits to
reduce the damage to the
environment

I use public
transport every
day

Slightly or not at all willing
18.4%
Moderately willing
34.2%
Very or extremely willing
47.4%
Column total %
100%
χ2(6, N = 637) = 30.781, p-value < .0001

I use public
transport few
times per week

I use public
transport few
times per month

16.7%
27.8%
55.6%
100%

20.9%
41.0%
38.1%
100%

I never use
public transport,
or use it very
rarely
29.8%
41.8%
28.4%
100%

Also, respondents who usually travel from home to airport by combining different modes or by public
transport are more willing to change travel habits, Table 8.2.
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Table 8.2: Cross-tabulation of Mode choice from home to airport by Willingness to change travel habits to
reduce the damage to the environment
Changing travel habits to
reduce the damage to the
By car
environment
Slightly or not at all willing
27.2%
Moderately willing
36.6%
Very or extremely willing
36.2%
Column total %
100%
χ2(6, N = 637) = 14.006, p-value = .030

By Taxi or
Uber/Cabify/Beat
etc.
20.4%
44.4%
35.2%
100%

By public
transport
18.8%
35.6%
45.6%
100%

By combining
different modes
of transport
21.3%
27.7%
51.1%
100%

The respondents who mostly travel for business, or both for business and leisure are more likely to
choose a slightly more expensive travel alternative, if it is more environmentally friendly, than mostly
leisure travellers, Figure 8.4.
Slightly or not at all likely
45%
40%

38,40% 37,70%

Moderately likely
39,30%

25%

37,90% 38,80%

33,80%

35%
30%

Very or extremely likely

24,00%

26,80%

23,30%

20%
15%
10%
5%
0%
Business

Both for business and
leisure

Leisure

Figure 8.4: Cross-tabulation of Most common purpose of travel by plane by Likeliness to choose a slightly more
expensive, but more environmentally friendly, travel alternative

Familiarity with the environmental impact of travel choice could influence travellers (respondents) to
change their travel habits in order to reduce the damage to the environment, Table 8.3.
Table 8.3: Cross-tabulation of Familiarity with the environmental impact of travel choice by Willingness to
change travel habits to reduce the damage to the environment
Changing travel habits to reduce the damage to the
environment
Slightly or not at all willing
Moderately willing
Very or extremely willing
Column total %
χ2(2, N = 637) = 43.325, p-value < .0001

Familiarity with the environmental impact of
travel choice
Yes
No
18.7%
47.7%
37.0%
37.2%
44.3%
15.1%
100%
100%

Also, familiarity with environmental impact of travel choice could impact on respondents to choose
slightly more expensive travel alternative if it is more environmentally friendly, Figure 8.5.
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Slightly or not at all likely

Moderately likely

Very or extremely likely

60%
48,80%

50%
38,30%

40%
30%

43,00%
34,70%

27,00%

20%
8,10%

10%
0%
Yes

No

Familiarity with the environmental impact of travel choice

Figure 8.5: Cross-tabulation of Familiarity with the environmental impact of travel choice by Likeliness to
choose a slightly more expensive, but more environmentally friendly, travel alternative

If one looks at the results obtained for the likeliness to choose a slightly more expensive, but more
environmentally friendly travel alternative (Table 8.4), it could be noticed that the biggest difference
is in the percentage related to the respondents who already use public transport. They are less likely
to pay more expensive travel then to change travel habits (35.2% very or extremely likely, 30.7%
moderately likely and 29.6% slightly or not at all likely to choose a slightly more expensive travel
alternative).
Table 8.4: Cross-tabulation of Shift to PT with new service by Likeliness to choose a slightly more expensive,
but more environmentally friendly, travel alternative
Choose slightly more expensive travel
alternative if it is more environmentally
friendly
Slightly or not at all likely
Moderately likely
Very or extremely likely
Column total %
χ2(4, N = 617) = 15.318, p-value = .004

I already use
public
transport
29.6%
35.2%
35.2%
100%

Yes

No

27.1%
41.0%
31.9%
100%

46.8%
36.4%
16.9%
100%

Some of the main findings and conclusions related to the environmental issue, based on the survey
results, are the following:
•
•
•
•
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Most of the respondents (86.5%) are familiar with the environmental impact of their travel
choice, of which 59.3% are also very interested in that issue;
However, the environmental impact is still not so important when choosing mode of transport
to/from the airport;
High percentage of passengers would shift from private car or taxi to public transport (under
certain conditions and/or with new service);
Some of characteristics of the respondents’ travel habits and their environmental issues
attitude showed significant dependences (for example, respondents who use public transport
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•
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more frequently, are more willing to change travel habits in order to reduce the environment
damage);
It is important to provide easily available and clear information about the environmental
impact of travel choice, since the majority of the passengers would be willing to change their
travel habits and even to choose slightly more expensive travel alternative, in order to reduce
the environment damage.
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9 Conclusion
This deliverable provides impact assessment of TSPs’ data sharing (in a sense of transport service fully
coordination) on users’ satisfaction obtained from the survey data and the corresponding analysis. The
survey was conducted online with the aim to collect information about users’ perception and opinion
regarding future new transport service. Questionnaire design was very demanding since it was a
challenge to explain new service to respondents and at the same time to obtain possible users’
satisfaction or dissatisfaction.
Despite these challenges, survey was successfully conducted and amount of useful data, both
quantitative and qualitative, are obtained. This is result both of good quality of sample (sample size
and its representativeness) and well-designed questionnaire.
Extensive literature review gave inputs to questionnaire design, specially to select the most important
factors and metrics to assess the impact of data sharing during integrated D2D transport service
(multimodal transport). Selection of factors and metrics was carried out on internal Workshop
(brainstorming session with all SYN+AIR’s project partners and advisory board member).
Since this survey is about the service that does not exist yet, the crucial task was to explain the new
transport service (multimodal trip as coordinated trip) in order to represent to respondents a clear
picture of this future concept. This is a double uncertainty, as passengers evaluate a system that does
not yet exist, and imagine scenarios and situations in which they might find themselves - fully
coordinated service consisting of: single ticket for passengers for all trip segments of one journey,
synchronization of timetables for all transport modes, single information platform, possibility of
remote check-in at the beginning of journey and infrastructure improvements.
From survey results, travel time is recognized as key driver for mode choice as well as reliability and
punctuality. The most irritating factor during the journey are, in general, possible disruptions and
delays, followed by non-coordinated timetables in the terms of non-synchronized arrival and
departure times. In that sense, the aspects of future new service that would mostly satisfy potential
customers are again related to travel time. Besides total travel time and reliability/punctuality, total
travel cost is also very important factor for mode choice. The effort allocated in T4.4 has enabled the
team to obtain the results from users’ perspective that can be inputs for TSPs in implementing new
service.
New service implies that users are consent with some personal data sharing among TSPs. Survey results
confirmed willingness of majority of respondents to share their data.
Possible users recognised future new service as synergies among different aspects of service
improvement, such as: seamless and easier travel for passengers, better level of transport service,
promotion of PT as environmentally friendly option, single information platform.
Moreover, future new service enabled by data sharing will allow for synergies not only among TSPs
but also with local administrations and airport authorities, that will be able to make strategic plans for
better transport infrastructure, as well as for better service infrastructures by facilitating the exchange
between modes of transport.
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Finally, this deliverable includes Annex on Environmental Impact Assessment (EIA) as a base for further
research. The EIA scope and main characteristics are defined, and based on the main findings of the
comprehensive literature review related to the given issue, the indicators which could be used for EIA
are proposed. Survey results’ (related to environmental issue) main conclusion is that, although the
environmental impact still does not affect the transport mode choice significantly, it is important to
provide easily available and clear information about the environmental impact of travel choice, since
the majority of the passengers would be willing to change their travel habits and even to choose slightly
more expensive travel alternative, in order to reduce the environment damage.

Page I 93

D4.4. D4.4 IMPACT ASSESSMENT OF DATA SHARING

10 References
This section links our work with the work conducted by other researchers and projects (providing the
relative references) during the latest years, allowing us to build on solid basis and extent the state of
art with our results.
[1] ACARE, 2017. Strategic Research & Innovation Agenda - 2017 Update, Volume 1
[2] Allen, J., Muñoz, J. C., de Dios Ortuzar, J., 2019. Understanding public transport satisfaction:
Using Maslow's hierarchy of (transit) needs. Transport Policy 81, 75-94.
[3] Amitran Consortium, 2012. D2.1: Framework Requirements Definition. Amitran Project.
[4] AVINOR, 2020. Environmental report, https://avinor.no/globalassets/_oslo-lufthavn/om-oslolufthavn/miljo-og-lokalsamfunn/miljodokumenter/miljoarsrapport-2020-engelsk.pdf.
[5] Bellizzi, M. G., Eboli, L., Mazzulla, G., 2020. Air Transport Service Quality Factors: a Systematic
Literature Review. Transportation Research Procedia, 45, 218–225.
[6] Chautan, V., Gupta, A., Parida, M., 2021. Demystifying service quality of Multimodal
Transportation Hub (MMTH) through measuring users’ satisfaction of public transport.
Transport Policy 102, 47-60.
[7] Chowdhury, S., Hadas, Y., Gonzalez, V., Schot, B., 2018. Public transport users' and policy
makers' perceptions of integrated public transport systems, Transport Policy, 61, 75-83.
Kulash, D. J., Transportation and Society, Chapter 2.
[8] Cochran, W. G. 1963. Sampling Techniques, 2nd Ed., New York: John Wiley and Sons, Inc.
[9] COMMUTE, 2000. Common Methodology for Multi-Modal Transport Environmental Impact
Assessment - Final Report, COMMUTE ST-96-SC-203
[10] D3.1 – Report on Customer Journeys, 2021. SYN+AIR.
[11] D3.2 - TSP's Collaboration and Data Sharing parameters, 2021. SYN+AIR.
[12] D4.1 - Report on planning and operational activities of TSPs, 2021. SYN+AIR.
[13] D4.2 - Report on Network Sensitivity Analysis, 2022, SYN+AIR.
[14] DATASET2050, 2016. Data driven approach for a Seamless Efficient Travelling in 2050, D4.1.
Current
supply
profile,
Page
16
and
Page
19,
https://westminsterresearch.westminster.ac.uk/download/7a84b43349612e309ff7f50c778a
9d4e63c8e6175b529ccc253e88f7f1b1e329/10221625/DATASET2050%20D4.1%20%20Current%20Supply%20Profile.pdf.
[15] de Ona, J., 2020. The role of involvement with public transport in the relationship between
service quality, satisfaction and behavioral intentions. Transportation Research Part A, 142,
296-318.
Page I 94

D4.4. D4.4 IMPACT ASSESSMENT OF DATA SHARING

[16] de Ona, J., 2021. Understanding the mediator role of satisfaction in public transport: A crosscountry analysis. Transport Policy, 100, 129-149.
[17] de Ona, J., Est´evez, E., de Ona, R., 2021. Public transport users versus private vehicle users:
Differences about quality of service, satisfaction and attitudes toward public transport in
Madrid (Spain). Travel Behaviour and Society, 23, 76-85.
[18] Del Castillo, J. M., Benitez, F. G., 2012. A methodology for modelling and identifying users
satisfaction issues in public transport systems based on users surveys. Procedia – Social and
Behavioral Sciences 54, 1104-1114.
[19] EASA, EEA, EUROCONTROL, 2019, European Aviation Environmental Report 2019
[20] ELTIS, 2019. Guidelines for Developing and Implementing a Sustainable Urban Mobility Plan,
Second Edition.
[21] European Commission, 2011. White Paper: Roadmap to a Single European Transport Area
– Towards a Competitive and Resource Efficient Transport System. European Commission.
31 p. (https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/
?uri=CELEX:52011DC0144&qid=1588424022750&from=EN)
[22] European Commission, 2017. Environmental Impact Assessment of Projects - Guidance on
the preparation of the Environmental Impact Assessment Report (Directive 2011/92/EU as
amended by 2014/52/EU), Luxemburg (doi:10.2779/41362);
[23] European Commission, 2021. 35 years of EU Environmental Impact Assessment. European
Union, Luxembourg (doi:10. 2779/593710)
[24] European Commission, 2022a. https://ec.europa.eu/transport/themes/sustainable_en
[25] European Commission, 2022b. https://trimis.ec.europa.eu/about-trimis
[26] European Union, Eurostat, 2000. Methodological manual on the design and implementation
of surveys on inbound tourism, Publisher Luxembourg: EUR-OP.
[27] Fiorio, C. V., Florio, M., Perucca, G., 2013. User satisfaction and the organization of local
public transport: Evidence from European cities. Transport Policy 29, 209-218.
[28] Greghi, F.G., Rossi, T.N., de Souza, J.B.G., Menegon, N.L., 2013. Brazilian passengers’
perceptions of air travel: Evidence from a survey, Journal of air transport management, Vol.
31, issue C, p. 27-31.
[29] Ingvardson, J. B., Nielsen, O. A., 2019. The relationship between norms, satisfaction and
public transport use: A comparison across six European cities using structural equation
modelling. Transportation Research Part A, 126, 37-57.
[30] ISIS S.A., 2005. NPF - Urban Transport Urban Transport Statistical and Public Perception Data,
Final Report: Project Deliverable 5.5 (European Commission Contract No.
ETU/B2.704/STD/002/2002), Lyon, France

Page I 95

D4.4. D4.4 IMPACT ASSESSMENT OF DATA SHARING

[31] Janić, M. 2011. Assessing some social and environmental effects of transforming an airport
into a real multimodal transport node. Transportation Research Part D: Transport and
Environment, Volume 16, Issue 2, March 2011, p. 137-149
[32] Janssens, D., Taverne, C., Wynen, V., De Witte, A., Liu, F., 2011. A Behavioural Analysis and
Examination of Environmental Implications of Multimodal Transportation Choice
“ESTIMATE”. Final Report. Brussels: Belgian Science Policy 2011 – 126 p.
[33] Jeon, C.M., Amekudzi, A.A., Guensler, R.L., 2013. Sustainability assessment at the
transportation planning level: Performance measures and indexes, Transport Policy 25,
pp10–21.
[34] Lee, D.S., et al., 2010. Transport impacts on atmosphere and climate: aviation. Atmospheric
Environment, Volume 44, Issues 37, December 2010, pp. 4678-4734
[35] Li, X., Tang, J., Hu, X., Wang, W., 2020. Assessing intercity multimodal choice behavior in a
Touristy City: A factor analysis. Journal of Transport Geography 86, 102776.
[36] Litman, T., 2011. Developing Indicators for Comprehensive and Sustainable Transport
Planning, Victoria Transport Policy Institute (published at Transportation Research Record
2017, TRB (www.trb.org), 2007, pp. 10-15.
[37] Litman, T., Burwell, D., 2006. Issues in Sustainable Transportation. International Journal of
Global Environmental Issues, Vol. 6, No. 4, pp. 331-347; at www.vtpi.org/sus_iss.pdf.
[38] Lunke, E. B., 2020. Commuters’ satisfaction with public transport. Journal of Transport &
Health 16, 100842.
[39] Miaoulis, George, and R. D. Michener. 1976. An Introduction to Sampling. Dubuque, Iowa:
Kendall/Hunt Publishing Company.
[40] Miller, P., de Barros, A.G., Kattan, L., Wirasinghe, S.C., 2016. Public Transportation and
Sustainability: a review. KSCE Journal of Civil Engineering 20(3):1076-1083
(DOI:10.1007/s12205-016-0705-0)
[41] Mulley, C., Clifton, G. T., Balbontin, C., Ma, L., 2017. Information for travelling: Awareness
and usage of the various sources of information available to public transport users in NSW.
Transportation Research Part A, 101, 111-132.
[42] Nielsen, O. A., Eltved, M., Anderson, M. K., Prato, C. G., 2021. Relevance of detailed transfer
attributes in large-scale multimodal route choice models for metropolitan public transport
passengers. Transportation Research Part A: Policy and Practice, 147, 76-92.
[43] OECD (2020), Transport Bridging Divides, OECD Urban Studies, OECD Publishing, Paris,
https://doi.org/10.1787/55ae1fd8-en.
[44] OECD, International Transport Forum, 2018. Surface Access to Airports: The Case of Mexico
City’s New International Airport, https://www.itf-oecd.org/sites/default/files/docs/surfaceaccess-airports.pdf

Page I 96

D4.4. D4.4 IMPACT ASSESSMENT OF DATA SHARING

[45] Rohacs, J., Rohacs, D., 2020. Total Impact Evaluation of Transportation Systems, Transport
2020, Volume 35, Issue 2: 193–202 https://doi.org/10.3846/transport.2020.12640)
[46] Soza-Parra, J., Raveau, S., Muñoz, J. C., Cats, O., 2019. The underlying effect of public
transport reliability on users’ satisfaction. Transportation Research Part A 126, 83-93.
[47] Sukhov, A., Lattman, K., Olsson, L. E., Friman, M., Fujii, S., 2021. Assessing travel satisfaction
in public transport: A configurational approach. Transportation Research Part D 93, 102732.
[48] SUMI, 2022. Sustainable Urban Mobility Indicators. European
https://transport.ec.europa.eu/transport-themes/clean-transport-urbantransport/sumi_en

Commission,

[49] Susilo, Y. O. & Cats, O., 2014. Exploring key determinants of travel satisfaction for multimodal trips by different traveler groups. Transportation Research Part A, 67, 366-380.
[50] SYN+AIR, 2020. Grant Agreement-894116-SYN AIR— H2020-SESAR-2019-2
[51] Tavares, V. B., Lucchesi, S. T., Larranaga, A. M., Cybis, H. B. B., 2021. Influence of public
transport quality attributes on user satisfaction of different age cohorts. Case Studies on
Transport Policy. Article in press. https://doi.org/10.1016/j.cstp.2021.04.018.
[52] TRB (Transportation Research Board - Sustainable Transportation Indicators Subcommittee),
2008. Sustainable Transportation Indicators - A Recommended Research Program for
Developing Sustainable Transportation Indicators and Data, Transportation Research Board
Annual Meeting 2009, Paper 09-3403
[53] Tsakalidis, A., van Balen, M., Gkoumas, K., Haq, G., Ortega Hortelano, A., Grosso, M., and
Pekár, F., 2020. Research and innovation in smart mobility and services in Europe: An
assessment based on the Transport Research and Innovation Monitoring and Information
System (TRIMIS), EUR 30212 EN, Publications Office of the European Union, Luxembourg,
2020, doi:10.2760/732047
[54] Vicente, P., Suleman, A., Reis, E., 2020. Index of Satisfaction with Public Transport: A Fuzzy
Clustering
Approach.
Sustainability
2020,
12(22),
9759.
https://doi.org/10.3390/su12229759.
[55] WCED (World Commission on Environment and Development), 1987. Our Common Future.
Oxford University Press, Oxford, England.
[56] Yuan, Y., Yang, M., Feng T., Rasouli, S., Ruan, X., Wang, X., Li, Y., 2021. Analyzing
heterogeneity in passenger satisfaction, loyalty, and complaints with air-rail integrated
services, Transportation Research. Part D: Transport and Environment, Vol. 97, August 2021,
102950.
[57] Yuan, Y., Yang, M., Feng, T., Rasouli, S., Li, D., Ruan, X., 2021. Heterogeneity in passenger
satisfaction with air-rail integration services: Results of a finite mixture partial least squares
model. Transportation Research Part A, 147, 133-158.

Page I 97

D4.4. D4.4 IMPACT ASSESSMENT OF DATA SHARING

Appendix A

Page I 98

Selected papers review

D4.4. D4.4 IMPACT ASSESSMENT OF DATA SHARING

Factor
Analysed/Cons Indicators
tructs

Authors

Study Area

Del Castilo et
al. (2012)

Methodology that can Connectivity
be used to predict the
overall public
transport service
users’ satisfaction. The Accessibility
satisfaction with
various factors of
service on 0-10 scale
Information
was obtained from
survey conducted in
Bilbao in 2010 with 35
questions and 1508
respondents.
Time satisfaction
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Critical Factors/ Results

Connect to lines of the same operator; Connection to
Model of the overall satisfaction index based on
lines of other operators; Line diversity (number of lines of identified mostly influence aspects is obtained
the transit network)
based on comparison of three different models:
models based on averages, a model based on
Accessibility of the bus network (number of bus stops);
multivariate discrete distribution and
Reduced mobility users’ accessibility; Adequacy of the
generalized linear model. As the most
most used bus stop location
important aspects for user’s satisfaction authors
obtained: line reliability, bus stop location
Service information availability; Availability of timetables adequacy, bus illumination, bus punctuality and
and line plans; Line information explicitness; Information connections to lines of other operators and
panels on terminals and bus stops; Information panel on service frequency.
next stop; Information on passes and tariffs
Bus punctuality; Service frequency; Trip duration; Line
reliability; Service time window

Used attendance

Driver kindness; Staff kindness

Comfort

Physical state of vehicles; Bus cleanliness; Bus comfort;
Bus illumination; Bus temperature adequacy; Average
user volume; Professionality/caution/driver skilfulness;
Bus stop cosiness (weather conditions); Bus stop
conservation and cleanliness; Bus stop illumination;
Adequate visual arrival of buses at bus stops

Security/Safety

Bus safety (vehicles); Security on buses; Bus stop safety
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Authors

Fiorio et al.
(2013)

Study Area

Relationship between
organizational models
of local public
transport (LPT) and
user satisfaction is
explored. Research is
based on
Eurobarometer survey
data on quality of life
in 33 selected
European cities from
2009 with 500
respondents per city.

Factor
Analysed/Cons Indicators
tructs
Environmental
impact

Noise; Bus contribution to traffic fluidity

Degree of
deregulation

Low (public authorities are dominant service providers)
Medium (competitive tendering models)
High (fully deregulated market)

Variables at
individual level

Commute to work (dummy variable equal to 1 if
respondent uses PT to work)
Time to work (in minutes)
Frequency of usage (set of dummy variables equal to 1 if
respondent used PT less than once per month/at least 1
per month/weak/daily/never)
Transit is one of top 3 priorities (1 for yes, 0 for no)
Individual overall satisfaction apart from PT (health care,
culture, sport, public and green spaces etc.)

Variables at city
level

Per capita GDP (measured in Parity Purchasing Power)
City size
Population size
Fare (single PT ticket price)

Page I 100

Critical Factors/ Results

The main research question of the paper was “Is
satisfaction correlated to the number of local
transport providers”. Authors conclude that
monopolistic, integrated service was correlated
with higher user satisfaction. Results showed
that many LPT providers reduced satisfaction
for 6-8%. Per capita income, population, city
size and fare were not statistically significant
variables, while number of cars reduced
satisfaction in a sense that increase of 1% in the
average number of cars (approximately 5000
cars in a city) lead to 0.55% decrease in
probability of satisfaction. Further, respondents
who rated transport as one of priorities tended
to be less satisfied with it. Competitive
tendering procedures are related with the
highest level of satisfaction. Individually,
females and highly educated were less likely to
be satisfied, while age was not significant.
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs

Critical Factors/ Results

Number of registered cars (as an indirect measure of city
congestion)
Susilo and Cats Overall journey
satisfaction for
(2014)
different travel modes
and traveller groups
(considering multimodal multi-stage
trips and the impact of
individual trip stages).
Car and public
transport users,
cyclists and
pedestrians in eight
European cities:
Bucharest, Coventry,
Dublin, Rome,
Stockholm,
Turin, Valencia and
Vilnius were
interviewed. A total of
554 responses were
collected: 307 on-site
and 247 via on-line
questionnaire.
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Individual
attributes – sociodemographic and
mobility
behaviour

Gender, Age, Personal income, Reported total travel time
spent on an average weekday, Travel mode of the main
trip leg on the given journey, Average number of trip
stages on the given journey, Reported level of travel
satisfaction (average) for each reported mode: 1 (very
dissatisfied) to 5 (very satisfied)

Travel experience
factors (at the
individual tripstage level)

Station environment, Ease of transfer, Onboard comfort,
Safety at stop, Seat availability, Relative travel time,
Safety, Absence of hindrances, Information and wayfinding

Attitudes

Mode loyalty, Perceived cycling safety, Reluctance to
transfer

• mode(s) of transport (e.g., for public
transport the ease of transfer, the station
environment and onboard comfort are the key
determinants of travel satisfaction),

Past satisfaction

Satisfaction with upstream trip stages, Satisfaction with
previous travel experience, Overall satisfaction with past
experience

• satisfaction with the primary trip stage (it is
strongly linked to overall trip satisfaction, while
the access and egress trip stages have a very
marginal effect)

Respondents were required to indicate their agreement with statements
referring to satisfaction or dissatisfaction with a certain service factor on a
scale of 1 (strongly disagree) to 5 (strongly agree).

Multivariate statistical analyses were used to
examine the relationships between overall
satisfaction and travel experience variables, trip
complexity, subjective well-being indices,
travel-related attitudes as well as individualand trip-specific attributes. Most significant
factors affecting the overall traveller
satisfaction depends on:
• traveller group “type” (e.g., women, lowincome),

• past experience, travellers’ expectations and
attitudes, and travellers’ emotional state.
These findings imply that transport planners
and operators need to tailor the level of service
improvement based on the profiles of users.
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs

Mulley et al.
(2017)

The relationship
between availability
and use of information
sources and overall
satisfaction

Sociodemographic
characteristics
and mobility
patterns

Age, Gender, Full driving licence, Occupation, Education,
Access to: smartphone, tablet, laptop or desktop
computer, car, Usage of public transport

The paper uses an ordered choice modelling
approach and finds few differences between
frequent and infrequent users.

Overall
satisfaction

Overall satisfaction with public transportation in general

There are significant relationships between the
intensity of use and the awareness of different
information media and between intensity of use
and use of different media;

Awareness of info

Awareness and use of different information media:

source
Use of info

for the most regular or most recent public transport trip
and

source

for a changed or cancelled public transport trip,

with information
provision and with
public transportation
in general. Survey
conducted for Sydney
Public Transport
system (internet
survey, focussing on
commuters).

by intensity of public transport use (low, infrequent or
regular users) and also by age, measured as a percentage
of respondents.

Final sample consisted
of 554
respondents
distributed over
different age ranges
and frequency of
public transport use.

(The questions were similar but required adjustment for
low users).
Usefulness of info
source

Which source of information do you find most useful?
when:
(1) planning a trip, (2) waiting at the stop or station, (3)
during the trip, and (3) from the time you leave public
transport until you arrive at your destination.
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Critical Factors/ Results

The awareness and use of information media
differed by mode on which users spent the
majority of their journey (main mode -bus or
train).
There appears to be big differences in use by
intensity of use for app and for Government
Website use.
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs

Critical Factors/ Results

A five-point scale from ‘‘extremely dissatisfied” to ‘‘extremely satisfied” is
used.
Allen et al.
(2019)

Ingvardson et
al. (2019)
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In this paper authors
test hypothesis of the
existence of hierarchy
of PT attributes, based
on Maslow’s hierarchy
of needs. The transit
needs are, in that
sense, composed of
functional (frequency,
reliability, accessibility,
speed), security and
hedonic or excitement
(number of available
seats, wi-fi connection,
integrated services for
payment etc.)
attributes.

The key drivers of
passenger satisfaction

Customer profile

Gender, age, educational level, occupation status, driver’s Data were collected from the customer
licence, ownership of car and gross household income
satisfaction survey for specific bus rapid transit
(BRT)-type systems in 4 cities in Latin America in
Usage profile
Frequency of bus use, the purpose (work, study, other),
2015 with 2000 to 4387 respondents. According
time of day, use of bus-only lanes or corridors, number of to tested models (PCA, SEM, SEM-MGA, SEMM)
buses used on a one-way trip and two-way travel time
reliability, customer service and safety showed
high relevance. A hierarchy with four steps was
Reliability
Access to transport, availability: time interval, speed,
constructed: Reliability, Safety, Customer
reliability: arrival on time, easiness to transfer
service and Comfort. Explanation for the
reliability at the bottom of hierarchy might be in
At bus-stops, at stations, at integrated terminals, inside
Comfort
a fact that most people use PT to travel to work
buses
or to study, so to fulfil their basic needs in life.
Customer services Customer services, customer information, easiness to pay Hence, even in unsafe mode they will choose to
travel.
and reload travel card
Safety

Security: thefts and assaults, road safety, exposure to
noise and pollution

Satisfaction

Expenses with PT and general satisfaction with PT

Loyalty

“Bus increases quality of life”, “I can rely on a bus system
for mobility”, “I recommend the bus system”

Location and
purpose (4 items

PT is good for:
work/school trips;

Factor analysis based on principal axis factoring
with orthogonal Varimax rotation resulted by
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Authors

Study Area
with public transport
(PT), their relationship
with travel frequency
and with willingness to
recommend it to
others are analysed for
Vienna, Oslo, Geneva
Stockholm, Helsinki
and Copenhagen,
2009-2015.
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Factor
Analysed/Cons Indicators
tructs
measured,
separated by ;)

shopping, leisure etc.; trips in the city centre; trips
outside the city centre.

Comfort (4 items
measured)

Travelling with PT is comfortable; The busses and trains
are modern; The busses and trains are clean; I normally
get a seat when I travel with PT

Norms (3 items
measured)

More people will travel with PT in the future; PT is good
for the environment; PT is beneficial to society

Costs (2 items
measured)

PT gives value for money;

Critical Factors/ Results

seven factors: accessibility (items related to
service frequency, travel time, waiting time and
ease and attractiveness of using PT),
Accessibility
Nearest stop is close to where I live; Travel time on public information (quality of information when using
measures (6 items transport is reasonable; Waiting time is short at transfers; PT), staff (information about helpfulness of the
measured)
I am satisfied with the number of departures; PT mostly
staff), safety, comfort, norms (personal beliefs)
runs on schedule; Transfers are easy
and costs. Structural Equation Modelling (SEM)
is used for evaluation of hypotheses. In all six
Information (5
It is easy to get the information needed before a trip; The
cities travel satisfaction is positively related to
items measured) information is good when problems occur; The
accessibility measures (travel speed, ease of
information is good in stops and terminals; The staff
access and service frequency), reasonable costs
answers my questions correctly; The staff behaves nicely
and norms (perceived societal and
and correctly
environmental importance of PT). Young
respondents were less satisfied with service
Safety and
I feel secure at stations and bus stops; I feel secure onquality (explained by early formed travel
security (3 items
board busses and trains; I am not afraid of traffic
habits).
measured)
accidents when using PT
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs

Critical Factors/ Results

PT fares are reasonable
Satisfaction (2
items measured)
Soza-Parra et
al. (2019)
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The paper explores the
impact of the
crowding level and
waiting time reliability
on users’ satisfaction.
An ordered logit
model was estimated
with data from
revealed preference
survey conducted
among 1150 PT users
in Santiago de Chile in
July 2018.

I gladly recommend travelling with PT to others;
How satisfied are you with PT in general?

Global satisfaction Rated on Likert 1-7 scale
Number of denied On how many vehicles user could not board due to
boardings
insufficient capacity
Location during
the most heavily
loaded section

Respondents were shown diagram for metro/bus to
indicate where they were located

Characterisation
of the most
heavily loaded
section

Respondents characterised the passenger density
experienced at the most heavily loaded moment by
identifying one of six images showing different crowding
level.

Woman

1 for woman and 0 for man

Under35

1 if under 35 and 0 if not

Peak hour

1 if travel in peak and 0 if not

Density

Density in bus or metro

Door

1 if respondent was located at door and 0 if not

The headway variance was recognized as an
element with strong impact on the reliability of
PT service. The survey with the goal to
characterize the effect of comfort and waiting
on bus and metro users’ satisfaction. The nonlinear relation between crowding and
satisfaction was tested. Results showed that
there is a significant negative shift for bus
evaluation and larger impact of traveling seated
in buses. Socio-economically, people under 35
almost always evaluate service taking into
account comfort. In group over 35, women are
much more sensitive to comfort.
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs
Seat

Bellizzi et al.
(2020)

Literature review
Behavioural
paper: Air Transport
Intentions
Service Quality Factors
Satisfaction/
Perceptions with
the service

Importance/
Expectations
about the service,
in terms of
satisfaction

Critical Factors/ Results

1 if respondent travelled seated and 0 if not
Passengers’ intentions to reuse the service or to
recommend it to other people.

There is a large variety of methods both for
collecting the opinions of the passengers

and for analysing them (determining the most
People provide their judgments on the used services
critical or the most important service)
indicating their level of satisfaction with the various
service aspects, or providing a rate on the performance of
the service aspects.
Passengers are requested to express also what they
expect from the service and therefore to provide a rate of
importance on each of the analysed service aspect.

and rates
Li et al. (2020)
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A survey with 1231
valid answers was
conducted in Xi’an,
China in March 2018
to investigate the
multimodal choice
(airplane, HSR,
traditional train and
express bus)

Individual
characteristics
Travel demand
characteristics
Ticketing
characteristics
Access
characteristics

Gender, age range, career, monthly income, car
ownership

Results showed that for a bus as the reference
group, safety, comfort and punctuality have
significant impact, besides well-known factors
Travel purpose, travel distance
such as age and car ownership. Further, the
distance, service quality of the mode and
accessibility of transportation hubs are also
Online ticketing or counter ticketing
important. HRS’s advantages are punctuality,
safety and comfort (elderly prefer this mode).
Access mode (PT or car), access time in minutes (0-30, 30- For TSPs, an efficient and unified online ticket
60, 60-90), access cost

D4.4. D4.4 IMPACT ASSESSMENT OF DATA SHARING

Authors

Study Area

Factor
Analysed/Cons Indicators
tructs

behaviours of intercity Intercity travel
travellers.
characteristics

Lunke (2020)

The author explores
how different
characteristic of public
transport journeys
influence people’s
travel satisfaction
related to their
commutes, specifically
to the last trip to work.
A survey was
conducted with 7630
PT users in Oslo in
2018.

Transport mode (airplane, HSR, train or bus), travel cost,
travel time

Intercity travel
service quality

Safety, comfort, punctuality on 1-5 Likert scale

Departure
characteristics

Departure mode (PT or car), departure time in minutes
(0-30, 30-60, 60-90), departure cost

Walking distance

>500m from home to station
>500 m from work to station

Frequency

<4 departures per hour from the nearest stop

Need to transfer

Yes
No

Waiting time on
transfer

>5 minutes

Delays

If the commute took longer than expected

Accompanied
children

Yes
No

Likert scale with -3 to 3 ranging
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Critical Factors/ Results
system should be considered, especially for
express bus mode.

Five subgroups by mode choice and travel time
were extracted from dataset: train users with
>40 min D2D travel time; bus and tram users
with <20 min; subway users with >40 min;
subway users with <20 min and bus users with
>40 min. Users with 20-40 min travel time were
omitted to make clear separation between
groups. Strong effect of a long waiting time
during the transfer on commute satisfaction
was shown. The need to transfer and walking
distance had less strong, but significant effect.
Unreliability and accompanied children
significantly reduce satisfaction.
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Authors

Study Area

Vicente et al.
(2020)

Individual user
satisfaction with the
public transport
service in the
metropolitan area of
Lisbon (includes

Factor
Analysed/Cons Indicators
tructs
Socio-economic
characteristics
and mobility
patterns

Users’ perceptions
about service
road, rail (train, tram,
characteristics
and subway), and boat
based on 26
transport) is analysed
service attributes.
A total of 1166 valid
(rated using a tenquestionnaires were
point Likert-type
obtained from public
scale: 1 - totally
transports users.
dissatisfied
to 10 - totally
satisfied)

Age, Gender, Income, Travel reason, Use frequency,
Private car available etc.

(1) punctuality/waiting time, (2) speed on route,
(3) adequacy of routes offered,
(4) timetables,
(5) frequency of vehicles on weekdays,
(6) frequency of vehicles on weekends,
(7) comfort of vehicles,

Using fuzzy clustering,
an index that measures individual user
satisfaction with the public transport service is
developed and the possible determinants of
satisfaction by means of a regression tree
model were identified.
The frequency of delay in arriving at the
destination—never or seldom arriving late at
the destination accounts positively for overall
satisfaction with the transit system.

(8) number of seats,
(9) safety of persons and property,

The transport mode also

(10) ease of entering/exiting the vehicles/stations,

influences transit users’ satisfaction;
specifically, using the subway

(11) distance to the stop/station/terminal,
(12) frequency of strikes,
(13) alternative transport in strike period,
(14) rules of purchase and use of tickets and passes,
(15) inspection of transport tickets,
(16) price compared to alternative transport,
(17) intermodal coordination,
(18) staff behaviour,
(19) single ticket price,
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and not using the train account for higher
satisfaction.
Punctuality is an
attribute of the service that is considered
important by users when evaluating bus
transport service.
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs

Critical Factors/ Results

(20) availability and clarity of information about lines,
schedules and tariffs,
(21) behaviour of other passengers,
(22) monthly pass price,
(23) service for complaints and suggestions,
(24) complaints resolution capacity,
(25) quality/price ratio
(26) comfort of stops and stations.
de Ona (2020)

The role of
involvement with
public transport.
Survey carried out for
public transport in five
European cities
(Madrid, Rome, Berlin,
Lisbon and London).

Sociodemographic
characteristics
and mobility
patterns

Gender, Age, Time living in the area, Household location,
education level, Occupation status, Family size,
Dependent members in the family, Household net,
Frequency of use

Service quality
(SQ)

Service hours, Proximity, Frequency, Punctuality, Speed,
Cost, Accessibility, Intermodality, Individual space,
Temperature, Cleanliness, Safety, Security, Information

The questionnaire was
completed by 2,579
Satisfaction (SA)
General satisfaction, Expectations, Needs, Global
public transport users
experience
(525 from Madrid, 509
from Rome, 508 from Involvement (INV) Low income, Freedom, Save time and money, Lifestyle,
Environment, Reduce traffic, Recommendation,
Judgement
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Structural equation modelling approach is
applied to understand the role of involvement
with public transport. Also, multiple indicators
and multiple causes structural equation
modelling approach (SEM-MIMIC) is used to
analyse the effect of heterogeneity present in
the data over the four constructs considered
(SQ, SA, INV, BI).
Satisfaction is a full mediator between service
quality and
involvement, and involvement is a full
mediator between satisfaction and behavioural
intentions. Involvement is the factor that
contributes most to behavioural intentions or
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs

Berlin, 530 from
Lisbon and 507 from
London)

Behavioural
intentions (BI)

Critical Factors/ Results

I will use PT for one-off trips, I will use PT for regular trips, loyalty, followed by service quality perceptions
and satisfaction.
I will increase PT usage, I will recommend PT

*All indicators were rated with a 5-point scale
de Ona (2021)

The mediating role of
customer satisfaction
between service
quality and
behavioural intentions
or loyalty in the area
of urban and
metropolitan public
transport (Madrid,
Rome, Berlin, Lisbon
and London)

Same as in the
Same as in the research De Ona (2020), excluding
research De Ona
indicators related to Involvement
(2020), excluding
Involvement (INV)

Structural equation modeling (SEM) is used to
compare two competitive models, one in which
satisfaction plays a partial mediating role (i.e.,
service quality presents direct and indirect
effects on behavioral intentions or loyalty), and
another where satisfaction exerts a complete or
full mediator effect (i.e., service quality
presents only indirect effects).
The results support the superiority of the full
mediator model.
From a practical standpoint, the results suggest
that service quality has a more significant effect
on behavioural intentions or loyalty, than
satisfaction.
Also, the intermodality of public transport is
one of the attributes that contributes most to
the appraisal of its service quality (together
with frequency, punctuality and speed).

de Ona, et al.
(2021)
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Analysis of the main
factors influencing the

Same as in the
research De Ona

Same as in the research De Ona (2020), excluding
indicators related to Behavioural intentions

Non-parametric tests and ordinal logit models
have been applied.
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Authors

Study Area
behavioural intentions
of private vehicle users
towards public
transport. An online
survey conducted

Factor
Analysed/Cons Indicators
tructs
(2020), excluding
Behavioural
intentions (BI).

Critical Factors/ Results
Identified indicators with no significant
differences between public transport and
private vehicle users are: punctuality,
information and low-income, as well as those
that did show

Also, factor
Involvement is
in Madrid’s
named: Attitudes
metropolitan area with towards the use of
a sample size of 1025 public transport
respondents: 525
(but the indicators
regular public
are the same as in
transport users and
the mentioned
500 regular private
research).
vehicle users)

significant differences in all the segments
(proximity, intermodality, save time and money,
and lifestyle)
The main differences between public transport
and private vehicle users were found in the
attitudes towards public transport and for
certain user segments (residents in the city
centre, males, young, with university
qualification and with incomes above
2700€/month).
Findings can be used to develop policies and
recommendations
for persuading more private vehicle users to use
the public transport services.

Chautan et al.
(2021)
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The paper explores the
factors and their
effects which influence
service quality of
Multimodal
Transportation - on
Hub (MMTH) in Anand

Accessibility &
Signposting

Fix Pick & drop places and parking spaces; Separate entry
and exit points for arrival and departure passengers;
Information signs, markings and crossings

Transport Modes
& Travel
Information

Timetable and travel information; Travel information
boards/screens in required languages; Accuracy and

The six factors: transfer environment &
important facilities (the most significant effect),
safety & security, transport modes and travel
information, accessibility & signposting,
comfort, convenience & quality of environment
and staff managing & ticketing obtained by
exploratory factor analysis and confirmed by
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs

Vihar, Delphi (metro,
bus and rail).

Reliability of information related to different modes;
Schedule coordination among different modes
Staff Assistance &
Ticketing

Ticket and enquiry counters; Time used in queuing,
buying tickets and security check; Behaviour and
assistance by the staff

Transfer
Environment

Transfer distances between different modes as well as
parking; Escalators, walkways, lifts with sufficient spaces;
Level of encroachment and obstructions

Public Utilities and Facilities for people with luggage; Availability of utilities
Important
like public toilets, drinking water facilities and dustbins;
Facilities
Facilities for disabled people; Facilities/Care rooms
provided for infants, children, pregnant women and
elderly people
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Quality of
Environment

Noise, Air quality and cleanliness

Comfort and
Convenience

Different varieties of shops, restaurants, ATMs and
waiting areas; Seating availability; Wi-Fi and Mobile &
Internet signals; Availability of charging points

Safety and
Security

Safety and security in the waiting areas; CCTVs cameras
and security guards; Adequate lightning during day &
night; Safety and security in transfer areas and pedestrian
crossings

Critical Factors/ Results
confirmatory factor analysis. The service quality
model was formed on 390 respondents and the
rest of 125 samples were used for validation.
Transfer environment & important facilities
appears to be the most influencing latent factor
followed by safety & security. Staff
management had the least influence on service
quality. Structural Equation Modelling (SEM) is
used to identify relationships between service
quality attributes and overall service quality.
Various improvements are suggested related to
observed factors.
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Authors

Study Area

Nielsen et al.
(2021)

A route choice model
for the large-scale
multimodal public
transport network is
presented for the
Greater Copenhagen
Region (4810 observed
routes, revealed
preference survey)
served by metro, three
train services and bus
with the aim to
analyse in detail the
components of
transfer penalties.

Factor
Analysed/Cons Indicators
tructs
Shop availability
(high in all
criteria)

no shop

Level changes
(high in all
criteria)

The number of times traveller has to ascend or descend
stairs summed for the whole route with and without
escalators

Shelters (high in
all criteria)

Found to be non-significant regardless to the model
specification, probably because all major terminals have
shelters in Copenhagen

a kiosk
several shops

Ease of wayfinding - easy (good information level and departing stop can be
(high or medium
found intuitively)
in all criteria)
- low difficulty (it takes more than few seconds to find the
direction for the next departing stop and relatively short
distance)

Critical Factors/ Results

The study provided range of fixed transfer
penalty from 5.4 min to 12.1 min (studies in the
literature provide 5 to 20 min). Ease of
wayfinding appears to be significant for work
related trips. Regarding shopping availability, it
did not matter for passengers which types or
how many shops are available, but only if at the
transfer station there is a shopping possibility
and this parameter is less significant for leisure
passengers. Concerning the level changes
parameters, only the sum of escalators at the
transfer terminals proved to be significant.
Passengers with both work and leisure purposes
preferred escalators at transfers.

- moderate difficulty (requires walking for several
minutes such increasing risk of getting lost, or complicate
to find correct bus stop at a larger terminal etc.)
- very difficult (low information level and very difficult to
find direction)
Sukhov et al.
(2021)
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The aim of this
research is to explore
how satisfaction with
selected PT service

Reliability/functio …travel time.
nality (all
…number of departures.
sentences starting
…distance to the nearest bus stop.
with “I am

fsQCA confirmed three propositions: P1) High
travel satisfaction is a multifaceted and holistic
phenomenon that occurs in the interplay
between different service quality attributes; P2)
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Authors

Study Area
quality attributes
contribute to high
travel satisfaction by
applying fuzzy-set
Qualitative
Comparative Analysis
(fsQCA). In Karlstad in
June 2013, 150 data
collected before the
intervention on
improving PT service
quality, and 203 data
in May 2014.

Factor
Analysed/Cons Indicators
tructs
satisfied with
the…”)

…trip coordination during transfers.
…way I am paying for the trip.
…punctuality

Information

…bus provider’s mobile app.
…information provided on bus provider’s homepage.
…information provided at the bus stop.

Courtesy/simplicit …onboard announcements.
y
…the driver’s attitude/behaviour.
…written information provided onboard the buses.
…boarding and exiting.
Comfort

…air quality onboard.
…cleanliness onboard.
…lighting onboard.
…noise level onboard.
…comfort.
…number of seats/available space.

Page I 114

Safety

I feel safe and secure.

Overall travel
satisfaction
(Satisfaction with
Travel Scale - STS)

I feel very stressed, hurried, worried VS. I feel relaxed,
calm, confident

Critical Factors/ Results
No single best configuration of highly
satisfactory attributes leads to high overall
satisfaction, instead, there exists multiple
configurations of highly satisfactory service
quality attributes resulting in high overall travel
satisfaction; P3) The configurations that lead to
high overall travel satisfaction differ before and
after improvement in service quality. Results
showed that frequent users of PT do not require
high satisfaction of all service attributes for high
overall satisfaction (configurations “I’m well
informed, it’s simple and safe”,
“Uncomfortable, but I’m well informed and
safe”, “Unreliable, uncomfortable but simple
and safe” reported high overall satisfaction
before intervention, and after “When
everything works well the information doesn’t
matter”).
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs

Critical Factors/ Results

I feel very bored, tired, fed up VS. I feel very enthusiastic,
alert, engaged
The trips work very poor, have low standard, are the
worst possible VS.
The trips work very good, have high standard, are the
best possible
Likert scale from 1 to 7 was used.
Tavares et al.
(2021)

The relationship
between general
satisfaction and
quality attributes of
public bus
transportation for
different age cohorts,
based on the users’
perception (sample of
1,330 interviews in
Porto Alegre, Brazil)

Sociodemographic
characteristics
and mobility
patterns

Age, traveling reasons, daily routines and the way they

General
satisfaction

5-point Likert scale (from “1. very dissatisfied” to “5. very
satisfied)

use public transportation.

Quality attributes: Expenses with public transportation
Observed
variables Expenses
Unobservable variables (latent variables):
Operational
characteristics
(interviewees’
satisfaction with
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Speed, Reliability, Buses departure on time, Arrival at
final destination without delay, Congestion faced by
buses.

The structural equation model approach was
applied.
Results indicated that Operational
characteristics are the most impacting elements
on users’ satisfaction with PT system. Elements
such
as speed, departure and arrival without delay,
congestion faced by buses are highly valued by
interviewees.
There is a significant difference in the impact of
Operational characteristics on General
satisfaction among young adults and the other
groups.
Expenses seem to affect differently the General
satisfaction (more important to young adults).
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs

Critical Factors/ Results

aspects of the bus
system
operation):
Comfort (related
to users’
perception of
comfort both
inside the vehicles
and in the system
installations):

Comfort at bus stops,
Comfort at terminals,
Comfort inside buses,
Customer information.

User exposure to Public security,
externalities
Road safety,
(refers to users’
Exposure to noise and pollution.
satisfaction in
relation to aspects
of safety, both
public and road,
and the
environment):
5-point Likert scale (from “1. very dissatisfied” to “5. very satisfied” or “1.
strongly disagree” and “5. strongly agree”) is used.
Yuan et al.
(2021)
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The quality evaluation
of air-rail integration
services (ARIS) is

Socio-economic
characteristics

Gender, Age, Education, Net monthly income

Psychological variables:

The relationships among passenger
expectations, perceived quality, perceived

D4.4. D4.4 IMPACT ASSESSMENT OF DATA SHARING

Authors

Study Area

Factor
Analysed/Cons Indicators
tructs

Critical Factors/ Results

analysed based on
sample of 1345

Passenger
expectations (PE)

Have a high expectation of the overall service before
taking ARIS, Highly expect the personalized service to
meet the demand before taking ARIS, Have a high
expectation of service reliability before taking ARIS

value, satisfaction, complaints and loyalty are
hypothesized and analysed by using a passenger

The safety in the cabin of ARIS is very satisfactory, The
security at the transfer hub is very satisfactory, The
security of the through-handling baggage is very
satisfactory, The overall safety and security of ARIS is very
satisfactory

The results show that perceived quality,
perceived value and passenger expectations
have a significant positive impact on passenger
satisfaction toward ARIS. Moreover, three
passengers

intermodal passengers
at Shijiazhuang
Zhengding
Perceived quality
International Airport
(PQ):
Safety and
security

Comfort

Personalized
service

Information
service
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satisfaction index (PSI) model. Also, a finite
mixture partial least squares (FIMIX-PLS)
technique is applied to explore the
heterogeneity.

segments are found, namely, “perceived value
The ARIS seats are very comfortable, The temperature
and expectation-oriented passengers”,
and air quality in the cabin are very comfortable, The on“perceived
board noise and vibration are not very strong, The overall
quality-oriented passengers”, and “satisfied
riding experience of ARIS is comfortable
loyal-conscious passengers”.
The baggage through-handling service is very convenient,
Meals on ARIS are very satisfactory, The inquiry service of
Passenger satisfaction is determined more by
staff is friendly and enthusiastic, The overall personalized
perceived quality than by perceived value and
service of ARIS is very satisfactory
passenger expectations.
The transfer guidance signs in the airport and rail station
are clear, The broadcast transfer information at the
station is sound and timely, The display of real-time
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs
operation information of ARIS is timely and accurate, The
overall information service of ARIS is very satisfactory
Service Reliability

Ticket service

Connectivity
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The flight or rail usually arrives on time, The flight or rail
usually departs according to schedule, The recovery
service in cases of delay is very satisfactory, The overall
reliability of ARIS is very satisfactory

Critical Factors/ Results
Therefore, managers and planners need to pay
more attention to different service dimensions
to improve passengers’
travel experiences.
In addition, perceived quality is determined
more by the operation schedule, ticket service,
connectivity and reliability.

The integrated ticket price is reasonable, Buying the
integrated ticket is very easy, Picking up the integrated
ticket is very convenient, The overall ticket service of ARIS
Furthermore, passenger satisfaction is found to
is very satisfactory
have a significant positive impact on loyalty,
and a negative impact on complaints.
The shuttle bus between the airport and rail station is
efficient, The transfer time between the airport and rail
station is not very long, Transferring to an airport or rail
Passengers’ satisfaction has a significant impact
station is easy and convenient, The overall connectivity
on their willingness to pay for ARIS.
between the airport and rail station is satisfactory

Operation
schedule

The time schedule of ARIS is reasonably set, The
operation frequency of ARIS is appropriately arranged,
The operation lines of ARIS are sufficient, The overall
operation schedule is very satisfactory

Managers are recommended to prioritize
improving the punctuality rate, delay
compensation, operation lines and timetables.

Accessibility

The access time to the airport or high-speed rail station is
not very long, The access to the airport or high-speed rail
station is easy and convenient, The expenditures for the
airport or rail station are not very expensive, The overall
accessibility of ARIS is very satisfactory

To facilitate the planning and guidance of
intermodal passengers, intelligent information
services and ticketing systems are
recommended for adoption in ARIS.
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs
Perceived value
(PV)

Critical Factors/ Results

The perceived service weighs the current ticket price, The
ticket price is set well considering the current service
Managers need to urgently focus on service
dimension aspects such as luggage through
Passenger
ARIS overall is very satisfactory, The provided service
handling, meals, staff attitude, and real-time
does not differ much from my expectations, It is wise to
satisfaction (PS)
information and it is necessary to strengthen
take ARIS for intercity travel
the safety and security of passengers and
luggage in all processes.
Behavioural intention variables:
Passenger
complaints (PC)

Did you express complaints about ARIS to your family or
friends? Did you sue ARIS?

Passenger loyalty
(PL)

I’m willing to take ARIS next time, I’m willing to take ARIS
if it can take me to my destination, I would recommend
ARIS to family and friends

All constructs except passenger complaints were rated on a 5-point scale
ranged from 1 to 5 that indicates from “strongly disagree” to “strongly agree”
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Appendix B

SYN+AIR's air traveler's questionnaire

This questionnaire aims to collect information regarding the users’ attitudes about new future service
referring to passenger multimodal transport which should provide seamless door-to-door transport.
The journey consisting of three segments (trip from home to airport, air trip, trip from airport to hotel)
will be considered in this survey.
Multimodal transport chain consists of surface modes and air transport segments which will be
covered by different carriers of all modes of transport. The goal of multimodal transport is to integrate
different modes of transport into a single smooth, efficient, safe, secure and enjoyable travel
experience for passengers.
The questionnaire should identify travelers’ characteristics that reflect their attitude and travel
behavior when planning and executing journey in regular situation, before Covid-19.
The questionnaire consists of 32 questions and takes approximately 20 minutes.

1. How often do you travel by plane in regular conditions, before the Covid-19 pandemic (one travel
by plane means round trip)? *
• I have never travelled by plane (* excluded from sample)
• I travelled by plane up to three times in my life
• I rarely travel by plane, once in few years
• I usually travel by plane once per year
• I often travel by plane, two, three or four times per year
• I frequently travel by plane, five or more times per year
2. What is your most common purpose of travel? *
• Only for business (meetings, conferences, etc.)
• Mostly for business
• Both for business and leisure
• Mostly for leisure
• Only for leisure (vacation, visiting family and friends, etc.)
3. Related to general planning of your whole journey (including transport by different transport
modes and accommodation), which statement best describes you (please select one statement): *
• I like to make detail plans and in advance
• I only make the necessary plans (air ticket and accommodation)
• I don’t like to plan in advance
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4. Regarding booking and buying ticket for your trip (by any transport mode), which statement
best describes you (please select one statement): *
• I always buy ticket online
• Sometimes I buy ticket online, sometimes in travel agency
• I never buy ticket online
5. Do you use some applications for planning trip (e.g., booking, routing) or during the journey
(e.g., routing, travel companions apps)? *
• I always use applications
• I sometimes use applications
• I never use applications
6. In regular situation (before Covid-19) how did you usually go from home to airport? *
• By car
• By Taxi or Uber/Cabify/Beat etc.
• By public transport
• By combining different modes of transport
7. In your everyday activities (work, shopping, study, etc.) how often did you use public transport
in regular conditions, before Covid-19 pandemic? *
• I use public transport every day
• I use public transport few times per week
• I use public transport few times per month
• I never use public transport, or use it very rarely
8. Are you familiar with the environmental impact of your travel choice (e.g., public transport is
more environmentally friendly than private car due to lower emissions, congestion issue, noise,
etc.)? *
• Yes, and I’m very interested in that issue
• Yes, but I’m not interested much in that issue
• No, but I’m interested in that issue
• No, and I'm not interested in that issue
9. If you could have easily available and clear information about the environmental impact of
your travel choice, how willing would you be to change your travel habits (e.g., to shift from
private car or taxi to public transport) to reduce the damage you cause to the environment? *
• Extremely willing
• Very willing
• Moderately willing
• Slightly willing
• Not at all willing
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10. How likely you are to choose a slightly more expensive travel alternative if it is more
environmentally friendly? *
• Extremely likely
• Very likely
• Moderately likely
• Slightly likely
• Not at all likely
•
11. Please choose one of the following travel scenarios (it is very important to emphasize that this
hypothetical travel is realized in regular conditions, without pandemics situation/restrictions): *
• Scenario A1 - Travel with friends for leisure
• Scenario A2 - Travel with partner for leisure
• Scenario A3 - Travel as a family with kids for leisure
• Scenario A4 - Travel for business alone
• Scenario A5 - Combination of business and leisure travel with colleagues
• Scenario A6 - Due to disability, I most often travel with my partner, friend or colleague
12. A1 Now imagine that you live in a city in which airport is located 40 km from your home. You
can reach the airport by different means of transport (metro, bus, train, taxi, and car). You travel
by airplane (two-hour flight). Your plan is to go to six days’ vacation on a hiking or touristic tour.
You travel as a group of 3 (you and 2 friends). Each of you carries a backpack or suitcase (13 -15 kg)
that must be checked-in at the airport. You travel alone from home to the airport and you will meet
your friends at the airport. Bearing in mind stated imaginary situation, please make a choice
regarding different means of transport from home to airport, given in the following table:
•

A2 Now imagine that you live in a city in which airport is located 40 km from your home. You can
reach the airport by different means of transport (metro, bus, train, taxi, and car). You travel by
airplane (two-hour flight). Your plan is to go to three days city break tour (Friday to Sunday) with
your partner. Each of you has carry-on luggage (each peace 8kg). You travel together from home to
the airport. Bearing in mind stated imaginary situation, please make a choice regarding different
means of transport from home to airport, given in the following table:

•

A3 Now imagine that you live in a city in which airport is located 40 km from your home. You can
reach the airport by different means of transport (metro, bus, train, taxi, and car). You travel by
airplane (two-hour flight). Your plan is to go to ten days summer holiday at the seaside with your
family (your partner and your kids aged 15 and 10). You have 2 big suitcases and 3 carry-on luggage.
You travel together from home to the airport. Bearing in mind stated imaginary situation, please
make a choice regarding different means of transport from home to airport, given in the following
table:

•

A4 Now imagine that you live in a city in which airport is located 40 km from your home. You can
reach the airport by different means of transport (metro, bus, train, taxi, and car). You travel by
airplane (two-hour flight). Your plan is to go abroad to the business meetings. You will stay 2 days.
Your travel costs are covered by company you work for. You have one small suitcase and one laptop
bag (both carry-on luggage). You travel alone from home to the airport. Bearing in mind stated
imaginary situation, please make a choice regarding different means of transport from home to
airport, given in the following table:
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•

A5 Now imagine that you live in a city in which airport is located 40 km from your home. You can
reach the airport by different means of transport (metro, bus, train, taxi, and car). You travel by
airplane (two-hour flight). Your plan is to go abroad to the conference with 2 colleagues.
Conference lasts three days and you will extend stay for three more days for leisure. Your travel
costs and other costs during the conference are covered by company you work for. Additional three
days are on your own cost. You have one suitcase (must be checked-in) and one laptop bag (carryon luggage). You travel alone from home to the airport and you will meet your colleagues at the
airport. Bearing in mind stated imaginary situation, please make a choice regarding different means
of transport from home to airport, given in the following table:

•

A6 Now imagine that you live in a city in which airport is located 40 km from your home. You can
reach the airport by different means of transport (metro, bus, train, taxi, and car). You travel by
airplane (two-hour flight). Your plan is to go abroad to one week holiday or seminar at Resort /Spa
center. Your companion is a friend, partner or colleague. Each of you has a suitcase and one carry on luggage. You travel together from home to the airport. Bearing in mind stated imaginary
situation, please make a choice regarding different means of transport from home to airport, given
in the following table:

Cost (total)

Metro

Bus

Train

Taxi

7 € per person

4 € per person

10 € per person

50 €

60 - 70 min,
including time to
reach bus station,
to buy ticket,
waiting time,
in-vehicle time,
walking time from
bus station to
airport

45 - 50 min,
including time to
reach train station,
to buy ticket,
waiting time,
in-vehicle time,
walking time from
train station to
airport
10 min of walking
from home to train
station; escalators
and elevators
available at the
station
every 20 min

35 - 45 min,
including time to
reach metro
station, to buy
Total travel
ticket, waiting time,
time
in-vehicle time,
walking time from
metro station to
airport
10 min of walking
from home to
Accessibility/
metro station;
Transfer
escalators and
environment
elevators available
at the station
Frequency
every 7 min
Reliability/
Punctuality

On time
performance

5 min of walking
from home to bus
station
every 15 min
Possible delay
caused by traffic
congestion

Environmental
impact
The most friendly
Good environmental
(related to
environmental
choice:
levels of
choice:
medium level of
congestions, the lowest level of
congestions,
emissions and
congestions,
emissions, noise
generated
emissions, noise
noise)
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On time
performance
Very good
environmental
choice:
low level of
congestions,
emissions, noise

35 min
from home to
airport

---

--Possible delay
caused by traffic
congestion

Car
5€ fuel and parking
ticket 6 € per day

50 - 55 min,
including walking
time from parking
to airport

You, alone or with
group or family
come to the airport
by car and leave it
at the parking
during your journey
--Possible delay
caused by traffic
congestion

Least
Not environmentally environmentally
friendly choice: high
friendly choice:
level of congestions, the highest level of
emissions, noise
congestions,
emissions, noise
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Keeping in mind your mode choice from home to the airport in assumed hypothetical scenario
(airport is located 40 km from your home and accessibility is defined in previous table), please
answer the following questions.
13. Please rank the following attributes in order of importance for making your choice regarding
mode of transport from home to airport (1 being most important, 2 second most important ....7
the least important to you). *
a) Total travel cost
b) Total travel time
c) Accessibility/Transfer environment
d) Frequency
e) Reliability/Punctuality
f) Environmental impact
g) Comfort
•

Attributes that affect your choice (metro/bus/train)
14. Please select what is the most frustrating component of total travel time:
• Walking time
• Waiting time for train/metro/bus
• Waiting time in queue for tickets
• In-vehicle time
•
Attributes that affect your choice (car/taxi)
14. Which statement best describes the reason for not choosing public transport (please select one
statement)?
• I don’t like walking with luggage to public transport station
• I don’t like crowd in vehicle, especially when I carry luggage
• I don’t like to wait at the station because I’m very anxious that I might be late for flight
• I use car/taxi in all occasions and I don’t have habit to use public transport
• I avoid public transport due to my disability

Continue with your scenario
After your aircraft landed at the airport, you (and your companions, depending on chosen Scenario)
should continue your trip to final destination, which is located around 220 km from the airport. You
can reach the final destination by different means of transport – train, rent-a-car or bus. Train station
and rent-a-car office are located within the airport. Bus to final destination leaves from the main bus
station located at the city and you need to transfer there by local bus from airport. Let’s remind that
(each of) you carry some luggage (depending on chosen Scenario, listed below):
Scenario A1 - leisure trip with friends: You carry a backpack or suitcase of 13-15 kg
Scenario A2 - leisure trip with partner: Both of you have carry-on luggage (each peace 8kg)
Scenario A3 - leisure trip for family with two kids: You have two big suitcases and three carry-on
luggage
Scenario A4 - business trip for solo traveler: You have one small suitcase and one laptop bag
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Scenario A5 - business and leisure combination trip for three colleagues: Each of you have one suitcase
(15 kg) and one laptop bag
Scenario A6 - leisure or business trip for person with disability: Each of you have a suitcase and one
carry-on luggage
15. Please make a transport choice from the following table: *

Cost (total)

Total travel time

Bus

Train

Rent-a-car

Total cost 12 € per person
(children aged 0-14 have 50%
discount).
10 € one-way per person for
bus ticket plus 2 € for ticket
from airport to main bus
station

Total cost 35 € per person
(children aged 0-14 free of
charge).

Total cost 60 € per car.
Average 40 € per day for
renting a car plus 20 € for fuel
costs

Total travel time is 5h:
20 min from airport to main
Total travel time 3h:
bus station (including time to
in-vehicle time 2 hours 35 min,
reach bus station at the
10 min of walking to reach train
airport and to buy ticket),
station and to buy a ticket, 10
waiting time at the main bus
min waiting time, 5 min of
station 1 hour, in-vehicle time
walking time to hotel
3h 25 min, 15 min of walking
time to hotel

Total travel time 2h 45 min
from airport to final
destination, including 10 min
to reach pick-up location.

Rent-a-car agency is located
within the airport complex.
Distance from airport to
destination 225 km.

Accessibility/ Transfer
environment

5 min of walking from bus stop
to main bus station.
Distance from main bus
station to destination 220km.

Train station is located within
the airport complex.
Distance from train station to
destination 190 km. 5 min of
walking from train station to
hotel; escalators and elevators
available at the station.

Frequency

6 per day

20 per day

---

Reliability/ Punctuality

Possible delay caused by
traffic congestion

On time performance

Possible traffic congestion

•
•
•

Bus
Train
Rent-a-car

You chose bus
16. Regarding mode choice from the airport to final destination, select one statement that best
describes your thoughts:
• I choose bus because it is the cheapest alternative
• I choose bus because it is comfortable
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•

I choose bus because I prefer sightseeing

You chose train
16. Regarding mode choice from the airport to final destination, select one statement that best
describes your thoughts:
• I choose train because it is the fastest alternative
• I choose train because it is more environmentally friendly alternative
• I choose train because it is comfortable
• I choose train because train station is within the airport
• I choose train because bus/rent-a-car can be delayed due to traffic congestion

You chose rent-a-car
16. Regarding mode choice from the airport to final destination, select one statement that best
describes your thoughts:
• I choose rent-a-car because I need a car at the final destination
• I choose rent-a-car because it is cheap (cost-effective) when I share the cost with my
group
• I choose rent-a-car because it is comfortable due to plenty of luggage
• I choose rent-a-car because of flexibility (I decide when to make stop, take a break or
lunch during a journey to final destination)

Factors or activities during whole journey - please rate them
17. a) Buying separate tickets for each part of journey (e.g., metro-airplane-train).
• It is very convenient
• It is slightly convenient
• Neither convenient nor inconvenient
• It is slightly inconvenient
• It is very inconvenient
17. b) Multiple documents needed (passport, tickets, boarding-pass etc.).
• It is very convenient
• It is slightly convenient
• Neither convenient nor inconvenient
• It is slightly inconvenient
• It is very inconvenient
17. c) Searching for information during journey at different platforms for different modes of
transport.
• It is very convenient
• It is slightly convenient
• Neither convenient nor inconvenient
• It is slightly inconvenient
• It is very inconvenient
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17. d) Access facilities (elevators, ramps, vertical and horizontal escalator, automated people
mover).
• It is very convenient
• It is slightly convenient
• Neither convenient nor inconvenient
• It is slightly inconvenient
• It is very inconvenient

Factors or activities during whole journey - please rate them
18. a) Timetables are non-coordinated and arrival/departure times are non-synchronised which cause
prolonged waiting times in transfer points. *
•
•
•
•
•

It is non-irritating
It is slightly irritating
It is irritating
It is very irritating
It is extremely irritating

18. b) Long walking distance between terminals of different modes of transport (e.g., metro station
and airport) during transfer. *
•
•
•
•
•

It is non-irritating
It is slightly irritating
It is irritating
It is very irritating
It is extremely irritating

18. c) Possible disruptions and delays in one part of journey may cause missing flight or ride from
airport to hotel. *
•
•
•
•
•

It is non-irritating
It is slightly irritating
It is irritating
It is very irritating
It is extremely irritating

18. d) Carrying baggage during transfer from one mode to other mode. *
•
•
•
•
•

It is non-irritating
It is slightly irritating
It is irritating
It is very irritating
It is extremely irritating

Concept of new fully integrated multimodal transport service - description
The idea of new transport service, expected to be implemented in the future, is to integrate different
modes of transport into a single smooth and enjoyable seamless travel experience for passengers (e.g.,
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purchase of a single ticket – for example, one ticket for metro, air and bus; check only once your bag;
reduce waiting time at transfer points and check-in time etc.).
Imagine again, your case of hypothetical travel example which consists of three segments:
•
•
•

From home to airport
From origin airport to destination airport
From destination airport to hotel

Following questions will present some aspects of this new service and you are expected to give your
opinion related to that, providing us the importance of such aspects for you if they are changed.

Aspects of new service - please rate them
19. a) You have a single ticket with QR code (for example, rail, air and bus tickets as one ticket) meaning
that you buy a ticket before journey at single provider (online or in travel agency) so during the journey
you will not wait for buying ticket (counter ticketing or ATM machine). *
•
•
•
•
•

Very unsatisfied
Unsatisfied
Neither satisfied nor unsatisfied
Satisfied
Very satisfied

19. b) Synchronized arrival/departure times among different transport service providers in order to
minimize waiting time during transfers. *
•
•
•
•
•

Very unsatisfied
Unsatisfied
Neither satisfied nor unsatisfied
Satisfied
Very satisfied

19. c) Single information platform, meaning that all real time information related to your journey
(including all segments of your trip) will be available on a mobile (cellular) phone application. *
•
•
•
•
•

Very unsatisfied
Unsatisfied
Neither satisfied nor unsatisfied
Satisfied
Very satisfied

19. d) In case of a disruption causing delay during a journey, you will receive an instant mobile phone
message about the options for continuing the journey. *
•
•
•
•
•
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19. e) In some terminals, for example located in a city center or at train stations, it will be possible to
check-in at the beginning of your journey, meaning that you can drop off the luggage, pick up the
boarding pass and enjoy stress-free transfer to the airport. *
•
•
•
•
•

Very unsatisfied
Unsatisfied
Neither satisfied nor unsatisfied
Satisfied
Very satisfied

20. Bearing in mind all characteristics of new transport service, in general would you be satisfied with
it?
•
•

Yes
No

Satisfaction
21. a) Please select the statement that best describes overall satisfaction regarding the new service: *
•
•
•
•

I like it, the level of service will be improved
I like it, journey will be seamless and easier for passenger
I like it, new service will promote public transport as more environmentally friendly option
Other:

Dissatisfaction
21. b) Please select the statement that best describes overall dissatisfaction regarding the new service:
*
•
•
•
•

I don’t see significant difference between present and new future service
I don’t like it, because I don’t like to plan in advance how will I go to/from the airport
I don’t like it, because I don’t like to be monitored during the journey
Other:

Sharing data
22. Would you agree with using data from your single ticket by different transport service providers
(e.g., airlines, rail operators etc.)? Note that your personal data are going to be handled in respect of
data protection and privacy regulations by all transport service providers. *
•
•
•

Yes, I would agree
No, I would not agree
I don’t know

Reason for not agreeing with data sharing
22. a) Please select statement that best describes the reason for not agreeing with data sharing: *
•
•
•
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Shift to public transport
23. With this new service, considering trip from your home to airport, would you shift from car to
public transport? *
•
•
•
•
•
•
•
•
•

I already use public transport
Yes, absolutely
Yes, if I travel with hand luggage
Yes, if I travel alone
Yes, if public transport station or stop is near my home or hotel
No, I prefer car or taxi
No, I don’t see it could be significantly better comparing to present situation with public
transport
No, public transport is not comfort to me when I go to/from airport
I don't know

24. Regarding single ticket price, please select statement that best describes your thoughts: *
•
•
•
•

I would use this service, if the price of single ticket is the same as sum of prices of separated
tickets for different transport modes
I would use this service, even if the price of single ticket is slightly higher than the sum of
prices of separated tickets for different transport modes (e.g. sum of prices of separated
tickets is 300 €, single ticket price is 330 €)
I would use this service, only if single ticket is cheaper than sum of prices of separated tickets
for different transport modes
I wouldn’t use this service, no matter what is the price of single ticket

Socio-demographic questions
25. What is the place of your permanent residence? (European country or continent) *
26. Please select your gender: *
27. Please select your age (category of age): *
•
•
•
•
•
•
•

18-25
26-35
36-45
46-55
56-65
66-75
76+

28. Please select your employment status: *
•
•
•
•
•
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•
•

Unemployed
Other:

29. Please select the number of your household’s members: *
30. Please select your approximate household income: *
•
•
•
•

Low
Average
High
Rather not say

31. How many cars does your household possess? *
32. Do you have any disability that may affect your travel experience? *
•
•

Yes
No

Type of disability
32. a) Please answer in which areas does your disability affect you? *
•
•
•
•
•
•

Vision
Hearing
Mobility
Dexterity
Stamina
Other:

Thank you for participating in questionnaire
If you wish, please comment how could new service additionally improve your travel experience.

Please read the information sheet and agree with the terms and conditions by following this link
https://drive.google.com/file/d/1v_oXrUM7QN-AoLslv1RdJ-cZIMezvGbw/view (If you have any issue to access this form
kindly send us an email at info@syn-air.eu ) *
I confirm that I am at least 18 years old
I confirm that I have carefully read the SYN+AIR participant information sheet
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Appendix C Selected comments obtained from
respondents in SYN+AIR's air traveler's questionnaire
At the end of the questionnaire, respondents were given option to comment how could new service
additionally improve their travel experience, if they wish. Selected comments obtained from
respondents, that can be useful for TSPs, may be seen below:
•

Honestly answering to all questions, I was surprised by some of the choices I made. So, I realized
that a new service shall achieve the environmental impact by improvements that would bring
primarily benefits to the traveller: total travel time reduction, convenience and comfort. At the
same time, the total cost should be kept in the range of sum of all costs (e.g., no reason why would
single ticket be more expensive than sum of all individual tickets).

•

I would love to be able to book a single ticket from point A to point B, however would only do so
provided there is a strong customer support in case something goes wrong. A passenger needs to
trust the service provider or he will not use the service.

•

Also, a simple and transparent user interface (be it on mobile or desktop applications) is very
important. Should be easily comprehensible to various age groups, so all users would book their
tickets in a fast and reliable way.

•

1. Selling the equal number of tickets as there are seats in the public transport vehicle. (No
standing passengers in public transport)
2. Frequent technical check-ups in order to prevent transportation of people in vehicles with
technical defects.

•

Ease of luggage handling and storing (i.e., in a train). Decent seating space.

•

Given long journeys could bear problems when delays occur, I imagine that a single ticket service
would include covering of a lost connection.

•

Storing information in one place is definitely something I would be looking forward to, in regards
to other aspects, not really interested in.... Geneva i.e., offers complementary tickets to tourists
which covers all modes of transportation within the city, which really intensified me to use public
transportation more than usual, however, other factors also need to be met such as safety,
security, frequency, reliability etc...

•

Changes to bookings or refunds easily accessible, in case of travel disruptions or service delays.

•

I find very useful all additional data and information that may be found on info desks or flight
schedules shown on panels and screens near main public transport hubs.

•

Probably, a membership card that could give access to discounts, vouchers or priority in boarding
operations.

•

If such integration would not be strictly dependent on the use of smartphone.

•

Make end-to-end accessibility information clear and sure. The main problem for people with
disabilities is that bus/metro/train accessibility is not guaranteed in advance, so that the safest
option is (rent-a-) car or taxi.

•

New service should not be more restrictive than buying travel segments separately.
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•

Public transport would have to be changed to a more convenient transport mode for me to use
it. Long-distance high-speed trains directly connected to the airport are great. I love them and
would always rather go by train (in your scenario with a final destination 220 km from the airport).
However, from home to the airport, with luggage, with multiple stops and changes of metro lines
/ bus lines, public transport is not convenient. Also note that my travel choice (i.e., using a car)
depends on whether or not I will be able to combine things ("two birds with one stone"). E.g.,
when my final destination is 220 km from the airport, but I have three other places that I want to
visit (meet) then I will choose the car, unless (e.g., Austria, Klimaticket) I have a "one ticket covers
it all" arrangement were I can use any mode of public transportation with an app that helps me
make the connection. To make a long story short: my primary driver is time. How long does my
round trip take? I would prefer high -speed trains/airplanes in combination with public transport
to cars if we had a better connection also to remote locations (meeting in the country side). I can
give you an example of one of my recent trips: Vienna to nearby Leipzig: 600 km, 6 hours by car
one way. Meeting for one hour, return trip by car same day. Total 1.200 km and some 14 hours.
Airplane: was not an option. Leipzig not well connected to Vienna. Train: Vienna to Leipzig 6 hours.
Great connection. Could have used the time on the train to do emails etc. BUT. Would have had
to stay overnight, book a hotel, take a local train to my final destination (runs once every hour).
Would have had some to picked me up at the train station. Drive to the meeting place (one hour
meeting), then do this in return. Instead of 14 hours this whole trip would have used 2 days. Thank
you. Interesting survey.

•

Part of refund in case there is a large delay (depending on the waiting time) - more advertised
about the pros of using mass transit for environment and more frequent timetables in order that
there will not be overcrowding.

•

Better fast-train network across Europe, especially south east Europe with good connections to
Western Europe.
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Appendix D

Selected papers (related to EIA) review

Authors

Study Area

COMMUTE
(2000)

Common
Methodology for
Multimodal Transport
Environmental Impact
Assessment - Research
project (1996 to 1999)
within the Strategic
Research strand of the
European Commission
Fourth Framework
Transport RTD
programme. It
addressed the
definition of a
methodology for
strategic assessment
of the environmental
impacts of transport
policy options.
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Factor
Analysed/Cons Indicators
tructs
Air Pollutant
Emissions:
Climate Change:

Emissions of CO2 (Total tonnes/year, Tonnes/passengerkm, Total tonnes/year for passenger transport, Total
tonnes/ tonne-km, Total tonnes/year for freight
transport)

Acidification:

Gross emissions of SO2 and NOx (Total tonnes/year,
Tonnes/passenger-km, Total tonnes/year for passenger
transport, Total tonnes/ tonne-km, Total tonnes/year for
freight transport)

Air Quality:

Quantity of emissions of VOC, SO2, NOx, particulates ,
CO, Pb (Total tonnes/year, Tonnes/passenger-km, Total
tonnes/year for passenger transport, Total tonnes/
tonne-km, Total tonnes/year for freight transport)

Energy Use:

Primary energy consumption [(Total MJ/year,
MJ/passenger-km, Total MJ/year for passenger
transport/ Total MJ/year for freight transport), for fuel
types: diesel oil, fuel oil, kerosene, gasoline, LPG, CNG,
biofuels (Total tonnes/year, Tonnes/passenger-km, Total
tonnes/year for passenger transport, Total tonnes/
tonne-km, Total tonnes/year for freight transport)]

Nature &
Biodiversity

Number of ecologically important areas touched or cut
through by transport infrastructure; Size of ecologically
important areas taken (km2) and number of ecologically
important areas cut through by transport infrastructure

Soil Quality

Number of valuable soil zones affected by transport
infrastructure; Size of valuable soil areas taken by
transport infrastructure (km2)

Water Quality

Number of stretches of water and ground water
protection areas affected by transport infrastructure;
Size of stretches of water or ground water protection
areas taken (km2)

Coastal Zones

Number of coastal zones affected by transport
infrastructure; Areas of coastal zones affected by
transport infrastructure (km2)

Noise

Watts per road or rail transport/link/corridor/km/
passenger or tonne-km; Sound pressure level at a
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs
reference distance in decibels (Laeq); Division between
night time and day time: [Area affected by noise, which is
either greater than 55 dB(A)/ night time or greater than
65 dB(A)/ day time (km2)]; Watts per air or waterborne
transport/link/corridor/km; Population within noise
levels greater than 55 dB(A)/ night time and 65 dB(A)/
day time

ISIS S.A. (2005) National Policy
Frameworks for Urban
Transport project
(2003 - 2005), aimed
to collect information
on urban transport
performance at
national level in the 15
'old' EU Member
States, to provide
comparative analyses
between countries and
on a temporal basis,
and to draw
conclusions in relation
to performance and
data collection issues.

Traffic safety

Traffic fatalities/ year

Landscape

Number of designated landscape areas touched by
transport infrastructure; Areas of designated landscape
areas touched by transport infrastructure (km2)

Land take

Land area required (km2)

Severance

Number of settlements affected by transport
infrastructure; Population in the settlements cut through
and area of large undeveloped or undisturbed areas
affected by transport infrastructure (km2)

Build Environment

Number of designated buildings and conservation areas
touched by transport infrastructure; Number of
designated buildings and landtake from conservation
areas for transport infrastructure (km2).

Input indicators:
indicators of what
is done to manage
or change the
transport system,
including
resources
allocated in order
to meet objectives.
Intermediate
outcome
indicators: (or
process indicators)
refer to the
changes within the
transport system
as a result of the
inputs made.
Outcome
indicators:
which cover the
overall impacts of
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Expenditure on transport infrastructure / network
development;
Expenditure on public transport service provision;
Percentage of network competitively tendered;
Transport supply (public transport/car);
Average age of public transport fleet;
Integration of public transport;
Parking prices.

Out of pocket urban travel costs (car/public transport)
for peak and off-peak trips (counted as two indicators);
Passenger-km by mode per capita;
Number of trips made, by mode per capita;
Traffic speeds.

Transport fatalities and casualties;
Transport energy use;
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs
processes and
intermediate
outcomes in terms
of factors such as
mobility, social and
environmental
factors, and safety.

Simple
Litman and
This paper identifies
sustainability
Burwell (2006) issues related to the
definition, evaluation indicators
and implementation of
sustainable
transportation.

Transport emissions;
Transport noise;
Link between traffic growth and GDP;
Personal income and share of GDP spent on local
transport.
Transportation fossil fuel consumption and CO2
emissions; Vehicle pollution emissions; Per capita motor
vehicle mileage; Mode split: higher transit ridership is
better; Traffic crash injuries and deaths; Transport land
consumption; Roadway aesthetic conditions (people
tend to be more inclined to care for environments that
they consider beautiful and meaningful).

Comprehensive sustainable transport indicators
Economic
Accessibility –
commuting

Average commute travel time;

Accessibility – land Number of job opportunities and commercial services
use mix
within 30-minute travel distance of residents;
Accessibility –
smart growth

Implementation of policy and planning practices that
lead to more accessible, clustered, mixed, multi-modal
development;

Transport diversity Mode split: portion of travel made by walking, cycling,
rideshare, public transit and telework;
Affordability

Portion of household expenditures devoted to transport
by 20% lowest-income household;

Facility costs

Per capita expenditures on roads, traffic services and
parking facilities;

Freight efficiency

Speed and affordability of freight and commercial
transport;

Planning

Degree to which transport institutions reflect least-cost
planning and investment practices.

Social
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Safety

Per capita crash disabilities and fatalities;

Health and fitness

Percentage of population that regularly walks and cycles

Community
liveability

Degree to which transport activities increase community
liveability (local environmental quality);

Equity – fairness

Degree to which prices reflect full costs unless a subsidy
is specifically justified;

Equity – nondrivers

Quality of accessibility and transport services for nondrivers;
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs
Equity – disabilities Quality of transport facilities and services for people with
disabilities (e.g., wheelchair users, people with visual
impairments);
Non-motorised
Degree to which impacts on non-motorised transport are
transport planning considered in transportation modelling and planning;
Citizen
involvement

Public involvement in transport planning process.

Environment

TRB (2008)

The paper discusses
sustainable
transportation
definitions and
concepts, describes
factors to consider
when selecting
indictors, exemplify
specific sustainable
transportation
indicators, discusses
issues of data quality,
and provides
recommendation on
further research and
development in the
field.

Climate change
emissions

Per capita fossil fuel consumption, and emissions of CO2
and other climate change emissions;

Other air pollution

Per capita emissions of ‘conventional’ air pollutants (CO,
VOC, NOx , particulates, etc.);

Noise pollution

Portion of population exposed to high levels of traffic
noise;

Water pollution

Per capita vehicle fluid losses;

Land use impacts

Per capita land devoted to transportation facilities;

Habitat protection

Preservation of wildlife habitat (wetlands, forests, etc.);

Resource
efficiency

Non-renewable resource consumption in the production
and use of vehicles and transport facilities.

Travel Activity
Vehicles

Motor vehicle ownership (by type of vehicle, owner
demographics, location);

Mobility

Motor vehicle travel (by trip type, traveler type, travel
conditions);

Mode split

Portion of trips by auto, public transit, and nonmotorized modes (by trip type, traveler type, travel
conditions.)

Air Pollution
Emissions
Emissions

Total vehicle emissions (by type of emission, mode,
location);

Air pollution
exposure

Number of days of exposure per year (by demographic
groups affected);

Climate change

Climate change emissions (CO2, CH4), (by mode);

Embodied
emissions

Emissions from vehicle and facility construction (by type
of emission and mode).

Noise pollution
Traffic noise

People exposed to traffic noise above 55 LAeq,T (by
demographic group, location, transport mode);

Aircraft noise

People exposed to aircraft noise above 57 LAeq,T (by
demographic group, location, transport mode).

Traffic risk
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs
Crash Casualties

Crash deaths and injuries (by mode, road, type and cause
of collision);

Crashes

Police-reported crashes (by mode, road, type and cause
of collision);

Crash costs

Traffic crash economic costs (by mode, road, type and
cause of collision).

Economic
Productivity
Transport costs

Consumer expenditures on transport (by mode, user
type, location);

Commute costs
(time and money)

Access to employment (by mode, user type, location);

Transport
reliability

Per capita congestion costs (by mode, location);

Infrastructure
costs

Expenditures on roads, public transit, parking, ports, etc.
(by mode, location);

Shipping costs

Freight transport efficiency (by mode, geographic area).

Overall
Accessibility
Mobility options

Quality of walking, cycling, public transit, driving, taxi,
etc. (by trip purpose, location, user);

Land use
accessibility

Quality of land use accessibility (by trip purpose,
location, user);

Mobility
substitutes

Internet access and delivery service quality (by trip
purpose, location, user).

Land Use Impacts
Sprawl

Per capita impervious surface area (by location and type
of development);

Transport land
consumption

Land devoted to transport facilities (by mode);

Ecological and
cultural
degradation

Habitat and cultural sites degraded by transportation
facilities (by type of habitat and resource, location).

Equity
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Affordability –
Transport

Portion of household budgets needed to provide
adequate transport (by demographics, especially
disadvantaged groups);

Affordability –
Housing

Affordable housing accessibility (by demographic group,
especially low income and disabled groups);

Basic accessibility

Quality of accessibility for people with disabilities (by
geographic area, mode, type of disability).
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Authors

Study Area

Factor
Analysed/Cons Indicators
tructs
Transport Policy
and Planning
Pricing efficiency

Cost-based pricing (by mode, type of cost (road, parking,
etc.));

Strategic planning

Degree to which individual planning decisions support
strategic goals (by mode, agency);

Planning efficiency Comprehensive and neutral planning (by mode, agency);
User satisfaction
Litman (2011)

This paper discusses
the concept of
sustainability, the
selection of indicators
for comprehensive
and sustainable
transportation
planning, and the role
of indicators in
planning. It describes
factors to consider
when selecting
indicators, identifies
potential problems
with conventional
indicators, describes
examples of indicators,
and provides
recommendations for
selecting indicators for
use in a particular
situation.

User survey results (by group: disabled, children, low
income...).

Most Important (Should usually be used)
Economic

Per capita mobility (daily or annual person-miles or
trips). Mode split (personal travel: nonmotorized,
automobile and public transport; freight: truck, rail, ship
and air). Average commute travel time and reliability.
Average freight transport speed and reliability. Per capita
congestion costs. Total per capita transport expenditures
(vehicles, parking, roads and transit services).

Social

Per capita traffic crashes and fatalities. Quality of
transport for disadvantaged people (disabled, low
incomes, children, etc.). Affordability (portion of
household budgets devoted to transport). Overall
satisfaction rating of transport system (based on
objective user surveys). Universal design (consideration
of disabled people’s needs in transport planning).

Environmental

Per capita energy consumption, disaggregated by mode.
Energy consumption per freight ton-mile. Per capita air
pollution emissions (various types), disaggregated by
mode. Per capita land devoted to transport facilities
(roads, parking, ports and airports). Air and noise
pollution exposure and health damages. Impervious
surface coverage and stormwater management
practices.

Helpful (Should be used if possible)
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Economic

Relative quality (availability, speed, reliability, safety and
prestige) of non-automobile modes (walking, cycling,
ridesharing and public transit) relative to automobile
travel. Number of public services within 10-minute walk
and job opportunities within 30-minute commute of
residents.

Social

Portion of residents who walk or bicycle sufficiently for
health (15 minutes or more daily). Portion of children
walking or cycling to school. Community cohesion
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Factor
Analysed/Cons Indicators
tructs
(quality of interactions among neighbors). Degree
cultural resources are considered in transport planning.
Environmental

Community livability ratings. Water pollution emissions.
Habitat preservation. Use of renewable fuels. Transport
facility resource efficiency (such as use of renewable
materials and energy efficient lighting).

Specialized (Use to address particular needs or objectives)

Janssens et al.
(2011)
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ESTIMATE project
(2007-2011): the
overall objective was
to obtain insight into
the activity and
related travel
behaviour of
individuals in a
multimodal
transportation
context. An analysis of
the energy and
environmental impact
of multimodal
passenger traffic and
comparison of the
different transport

Economic

Portion of households with internet access. Change in
property values.

Social

Transit affordability. Housing affordability in accessible
locations.

Environmental

Impacts on special habitats and environmental
resources. Heat island effects.

Planning Process

Comprehensive (takes into account all significant
impacts, using best current evaluation practices).
Inclusive (substantial involvement of affected people,
with special efforts to insure that disadvantaged and
vulnerable groups are involved). Based on accessibility
rather than mobility. Application of smart growth land
use policies.

Market Efficiency

Portion of total transportation costs that are efficiently
priced. Neutrality (public policies do not arbitrarily favor
a particular mode or group) in transport pricing, taxes,
planning, investment, etc. Applies least cost planning.

Emission (Ecoscore methodology)
Direct emissions

Emissions for three different transport modes: a light
duty vehicle model, a heavy duty vehicle model and a
two-wheelers model;

Indirect emissions

Those related to the extraction and transport of the raw
materials for the fuel production, linked to refining and
distributing the fuel, and are directly proportional to the
fuel consumption);

Global warming

Global warming potential (a measure of estimated
contribution of a given mass of greenhouse gas to global
warming)

Air quality: human
health and effects
on ecosystems

Indirect and direct emissions;
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Amitran
Consortium
(2012)

Jeon et al.
(2013)
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Study Area

Factor
Analysed/Cons Indicators
tructs

modes (train, car,
walk, bicycle, bus,
tram, etc.), was carry
out. Cost-benefit
analysis methodology
which can be carried
out to account the
different cost and
benefits that a
multimodal transport
chain brings along is
described.

Noise
Direct effects:

Investment costs (vehicles, materials, roads …);
Exploitation costs (maintenance, drivers…);
Consumer surplus (includes service level, public
acceptability);
Producer surplus (for instance more ticket revenue;,
Taxes.

Indirect effects:

Included in direct and external effects.

External effects:

Pollution (PM10 and Climate Change);
Noise emissions;
Accidents (road accidents, traffic safety, operating
accidents);
Space availability, separation, nature and landscape;
Congestion (opportunity cost);
Up- and downstream processes (for instance nuclear
power risk for electricity for electric trains, or energy
losses during transport).

AMITRAN project
(2011- 2014): the main
goal was to develop a
framework for the
evaluation of the
effects of ICT
(Information and
Communication
Technology-based)
measures in traffic and
transport on energy
efficiency and CO2
emissions, in order to
contribute to the
development of ICT
solutions that allow
more efficient
multimodal goods
transport and
passenger mobility

Definition of user
needs. Grouping of
the ITS
applications into
categories
according to the
strength of their
effect on CO2
emissions and
according to the
parameters
through which
their influence is
exerted.

Classification of the importance of the following aspects
of ITS impacts for user organisation (scale from 0% to
100%): Costs, Macroeconomic effects, Safety & security,
Locally relevant emissions (noise, particulate matter
etc.), Globally relevant emissions (greenhouse gases like
CO2), Social impacts, Traffic quality, Marketing value for
your organisation / company;

This paper reviews the
literature to articulate
important features of
indicator frameworks

Transportation
system
effectiveness:

Which impacts will become more and which less
important for your organisation in 10 years?
Would it help your organisation if you could assess the
CO2 reduction potential of specific ITS in a standardised
and generally accepted way?
Which stakeholders does your organisation find
important to present the CO2 reduction assessment to?
Which impacts will become more and which less
important for your organisation in the coming decade?

The effects of ICT
measures in traffic
and transport on
energy efficiency
and CO2 emissions

Improve mobility

The CO2 assessment methodology for ITS which address
both passenger transport and freight through a
multimodal approach that includes road, rail and ship
transport (specifically short sea and inland navigation;
long-haul maritime transport is excluded).

Freeway/arterial congestion
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and analytical models
for sustainability
evaluation, adopts an
operational definition
of a sustainable
transportation system,
identifies relevant
performance
measures anchored
around the selected
themes and regional
sustainability goals,
and focuses on
assessing individual
and aggregate
performance
measures to
demonstrate the
sustainability
evaluation of
alternative competing
transportation plans
using plan alternatives
for the Atlanta
Metropolitan Region

Rohacs and
Rohacs (2020)
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This paper describes
the general equations
and the developed
methodology for the
estimation of the total
impact of the
transportations
systems, including the
direct and indirect
long-term effects (e.g.,
health problems
caused by emissions),

Factor
Analysed/Cons Indicators
tructs
Improve system
performance

Total vehicle-miles traveled; Freight ton-miles;
Transit passenger miles traveled; Public transit share

Environmental
sustainability
Minimize
greenhouse effect

CO2 emissions; Ozone emissions

Minimize air
pollution

VOC emissions; CO emissions; NOx emissions

Minimize noise
pollution

Traffic noise level

Minimize resource
use

Fuel consumption; Land consumption

Economic
sustainability
Maximize
economic
efficiency

User welfare changes;
Total time spent in traffic

Maximize
affordability

Point-to-point travel cost

Promote economic Improved accessibility; Increased employment;
development
Land consumed by retail/service
Social
sustainability
Maximize equity

Equity of welfare changes; Equity of exposure to
emissions; Equity of exposure to noise

Improve public
health

Exposure to emissions; Exposure to noise

Increase safety
and security

Accidents per VMT; Crash disabilities; Crash fatalities

Increase
accessibility

Access to activity centers; Access to major services;
Access to open space

Safety and security inducing the direct and short time impact, such as
accidents;
Environmental
impact

(chemical emission and noise) – generating direct and
indirect medium- and long-term impact on people,
nature, and the living world in general;

System
characteristics

system management, management of the transport
operation processes that, for example, cause
congestions;

System support

infrastructure, supply chains, up-stream and
downstream processes that have a considerable effect
on the environment and society;
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and analyses its
applicability. All the
impacts are expressed
as costs.

Factor
Analysed/Cons Indicators
tructs
Use of resources

that might be defined as perishable effects, e.g., use of
land, minerals sources

Total costs

The transportation (total) performance index (induced by
all life-cycle effects of transportation system related to a
unit of transportation work [pkm] or [tkm]) =
= Total operation performance index (operational cost of
a given vehicle in a given transportation mode) +
+ Total impact performance index (deals with the
externalities).

SUMI (2022)
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Sustainable Urban
Core indicators
Mobility Indicators
(2017-2019) - The
project aims to
provide a
‘Europeanised’ version
of the comprehensive
set of 19 indicators
developed by the
World Business
Council for Sustainable
Development
(WBCSD). Sustainable
urban mobility
indicators are a useful
tool for cities and
urban areas to identify Non-core
indicators
the strengths and
weaknesses of their
mobility system and to
focus on areas for
improvement.

Affordability of public transport for the poorest group
indicator;
Accessibility of public transport for mobility-impaired
groups indicator;
Air pollutant emissions indicator;
Noise hindrance indicator;
Road deaths indicator;
Access to mobility services indicator;
Greenhouse gas emissions indicator;
Congestion and delays indicator;
Energy efficiency indicator;
Opportunity for Active Mobility indicator;
Multimodal integration indicator;
Satisfaction with public transport indicator;
Traffic safety active modes indicator.
Quality of public spaces indicator;
Urban functional diversity indicator;
Commuting travel time indicator;
Mobility space usage indicator;
Security indicator.
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