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Resumo

Com a crescente utilizagdo dos transportes publicos, os meios que existem atualmente tornam-se
insuficientes e incapazes de satisfazer as necessidades da populacgéo, surgindo a urgéncia de desenvolver
um novo meio de mobilidade. Recorrendo ao investimento em tecnologias como a automatizagéo, surge
um conceito que envolve circulagdo no espaco aéreo das cidades, Mobilidade Aérea Urbana, que pode
ser utilizada para transporte tanto de passageiros como de mercadorias, e demonstra ser uma op¢ao mais
sustentavel para responder as necessidades de mobilidade dos cidaddos. O presente estudo procura
apurar na populacdo portuguesa, que grupos estardo mais recetivos a abracar esta nova forma de
mobilidade, através dos niveis de aceitacdo e intengdo de uso dos veiculos aéreos. A recolha de dados
é feita recorrendo a um inquérito online, onde inquiridos sdo apresentados a varios fatores que podem
impactar na forma como estes podem vir a aceitar ou utilizar a tecnologia quando esta for implementada,
fatores determinantes como seguranga, habitos de mobilidade, o impacto ambiental, ou possiveis
beneficios ou desvantagens da sua aplicagdo. O inquérito foi distribuido em Portugal e foram obtidas
485 respostas, os dados recolhidos foram aplicados de forma a desenvolver uma andlise de clusters,
antecedida de uma analise de componentes principais para garantir uma divisdo dos grupos mais
concreta, e também analises ndo paramétricas. Este estudo pretende entender que grupos, dentro da
populacdo portuguesa, estardo mais abertos a receber a UAM como um meio de transporte fiavel e que

fatores sdo determinantes para a aceitagdo desta tecnologia.

Palavras-chave: Mobilidade Aérea Urbana; Veiculos Aéreos; Aceitacdo; Intencdo de uso; Fatores

Determinantes.



Abstract

With the growing use of public transport, the means that currently exist become insufficient and
incapable of meeting the needs of the population, giving rise to the urgent need to develop a new means
of mobility. From the investment in technologies such as automation, a concept emerges that involves
circulation in the airspace of cities, Urban Air Mobility which can be used for both passenger and freight
transport and proves to be a more sustainable option to respond to mobility needs of citizens. This study
seeks to find out in the Portuguese population which groups will be more receptiveto embrace this new
form of mobility, through the levels of acceptance and intention to use air vehicles.Data collection is
done using an online survey, where respondents are presented with various factors that may impact how
they will accept or use the technology when it is implemented, determining factorssuch as safety,
mobility habits, environmental impact, or possible benefits or disadvantages of its application. The
survey was distributed in Portugal and valid 485 responses were obtained, the collected datawas applied
in order to develop a cluster analysis, preceded by a principal component analysis to ensurea more
concrete division of groups, and also non-parametric analyses. This study intends to understandwhich
groups within the Portuguese population will be more open to receiving UAM as a reliable meansof

transport and which factors are nuclear to the acceptance of this technology.

Keywords: Urban Air Mobility; Air Vehicles; Acceptance; Intention to use; Determining Factors.
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Embracing UAM as a new mean for daily commuting

1. Introduction

One of the major concerns in our present time is the world population growth which does not seem to
be stopping any time soon. Nowadays we are around 7 Billion but we may reach over 9 Billion
inhabitants in 2040 with Africa being the continent with more people reaching 2 Billion followed by
India and China with over 1 Billion (PopulationPyramid, 2019).

To meet the growing numbers in the population, good transport infrastructures are needed, the large
urban and even suburban areas are getting increasingly more populated, impeding seamless mobility.
Public transportation can be an option, but it is hard to predict if and when it is available, especially
when the demand peaks during rush hours, causing great discomfort on the users and jamming the roads
with thousands of vehicles, causing big commute times affecting the lives of everyone. More than 20%
of Europeans commute at least 90 minutes daily, with the UK being the country where the commute
times are greater and the German being the more effective taking the least time commuting (sdworx,
2018). Adding to that, the maintenance costs are large, and in most countries, the public transport
systems are outdated in need of investment; Just is the case in the United States, as the Federal Transit
Administration identified investment needs in the order of $90 billion to modernize the public transport

infrastructure and assets (Skoutelas, 2018).

To overcome this problem organizations have been developing more flexible and innovative ways
to offer mobility options that suit better people’s needs, e.g. shared mobility services (i.e. Uber, Zipcar).
The “using instead of owning” way of thinking is gaining more recognition and people are starting to
adopt this mobility model since especially in urban areas there is an increasing mobility need due to
traffic congestions, and the shared solutions are more personalized, bringing a more comfortable and

environmentally friendly transport mode (Schikosky, 2020).

The urgency in finding proper ways of ensuring sustainable and more responsive transportation
systems is leading companies to invest in the transport sector, and one technology that seems to be fast-
growing is automation (Kyriakidis et al., 2015). Self-driving vehicles bring numerous advantages for
drivers, not only in saving travel time but also in reducing emissions and road accidents, increasing

safety for pedestrians and other road users (Haboucha et al., 2017).

The emergence and subsequent use of autonomous vehicles can have a large impact on the number
of road accidents and the costs adjacent to them since the main causes are usually associated with the
human component in driving and not problems with the vehicle itself. Recent technological advances
are making what was a futuristic idea a fast-approaching reality, and its use will alter the meaning of
driving a vehicle as we know it, instead of utilizing only the roads as a way of transporting people,

taking advantage of automation to use the third dimension, through self-driving air vehicles.
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Operating an autonomous aircraft will change two fundamental aspects of its driving. The first,
as mentioned above, concerns the automation of vehicles, where there may be cases in which
automation is partial i.e. semi-autonomous vehicles, or fully autonomous vehicles, which do not require
any operator to go from point "A" to a point "B". The second aspect refers to the place where the vehicles
will transit, transport will not only be carried out on land but also in the air, using self-drivingaircraft
for airspace circulation (Ahmed et al., 2020). In this context, the use of urban air mobility (UAM) and
Air vehicles (AVs) is advancing and, the concept of utilizing a flying vehicle able to take-off and land
vertically (VTOL) is under development (Rothfeld, 2019). Several companies want this technology to
be on the market as soon as possible, such as the VVolvo group's Terrafugia, Uber's "UberAir" project
(Holden & Goel, 2016; Uber, 2019), and other multinational companies, which have spentmillions of
dollars on R&D.

The acceptance of new technologies has always met barriers in the various fields where it sprouts.
The transportation sector is no different. Bekiaris et al. (1997) (as cited in Konig & Neumayr, 2017)
were the first to study the possibility of “automatic driving” and found that drivers tend to appreciate
driving assistance systems, but when it comes to fully automated driving they rejected the idea. There
are factors that may come as barriers to accepting automation as a nuclear part of a transportation system
and may pose a problem to Air Vehicles (AVs) and Urban Air Mobility (UAM). Some factors can be
related to the usage of the vehicle itself, like safety in travel and the fear of system failure. On the other
hand, we have driver-oriented barriers which arise from internal factors such as gender, age, or cultural
background. These barriers may be harder to atone since they can vary from user to user (Konig &
Neumayr, 2017).

Therefore, before the introduction of this mode in the transportation system, it is imperative to
understand what is the citizen’s opinion regarding the use of this technology, its operation, and required
infrastructure, since there are many aspects to consider, ranging from system-oriented factors to human
factors that can influence the adoption of this new means of transport. This paper aims to identify
segments of potential users according to their embracement of Air Vehicles (AVs) and use of Urban
Air Mobility (UAM) and subsequently understand which groups are prone to adopt this technology.
The insights of this work could provide useful information for governments, local authorities, and
companies that want to invest in UAM in the future. A sample of 485 responses gathered mainly from

the Metropolitan Areas of Lisbon and Porto, was used for the cluster analysis.

The remaining of this dissertation is organized as follows: a second section where the literature on
UAM and adjacent subjects such as AVs, automation, and mobility is reviewed with some of the latest
study findings. The third section mentions the methods and how the data was collected and processed
inorder to find results, which were then discussed in the fourth section, in the fourth section the sample
and datacollected were characterized, and the information crossed with results from previous studies

as well.
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The next and final section (fifth) impales the conclusions of the study.

2. Literature Review

Technological advances in transport mobility have provided the population with an increasing number
of alternatives to privately owned vehicles and recurrent means of transport, such as buses or subways.
These alternatives seek to reduce the traffic within cities, but also reduce the number of emissions and
their impact on the environment (Baptista et al., 2014). In this set of transportation modes, we find
transport alternatives such as car-sharing services and others that seek to innovate and make the
mobilization of the population within urban spaces more efficient and less impactful on the

environment.

In addition to shared mobility services, the concept of autonomous vehicles is also increasingly a
reality, showing to be safer and more comfortable for passenger transport compared to other non-
autonomous vehicles. The level of automation can be varied, from level 0 (without automation) to level
5 where the vehicle is fully autonomous and does not require any human control to achieve its normal
operation (Zhang etal., 2019). With the insertion of the concept of automation, there is also the concept
of transport of passengers and goods in the airspace of cities, developed by NASA and called "urban air
mobility "(UAM), which encompasses the use of autonomous aerial vehicles to transport people, these
vehicles can circulate both on land and in the air, taking advantage of the third dimension, something

that until now had never been explored.

The population in the world is increasingly growing in cities and large metropolitan areas, it is
expected that by 2050 about 70% of humanity will be living in urban areas, and the public transport
modes are growing incapable of accommodating the also growing number of citizens, causing problems
like more traffic congestion and parking difficulties especially in central areas of the urban space, other
problems arise as well such as longer commuting times, the high infrastructure maintenance costs, and
most important the accidents and environmental impacts. There is a need to create an innovative means
of circulation capable of providing the population with a safe, sustainable mode of transport that will
take advantage of airspace in cities, and benefit the environment by reducing emissions of gases and

other polluting agents.

Companies such as NASA and Airbus are developing programs to integrate the use of urban
airspace into their mobility plans by integrating vehicles that are capable of intra-city travel as a way of
meeting the growing needs of mobility and shared mobility (Airbus, 2018). Uber, with its "Uber Air"

project, wants to launch a shared air mobility services program, with autonomous electric vehicles and
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without the need for human intervention, the project is expected to be marketed by 2023 in The United
Studies and Australia (Uber, 2019).

Urban Air Mobility (UAM) is a concept developed by NASA to create a safer and more efficient
way to travel in highly dense urban areas, utilizing the airspace to conduct all the operations in the

metropolitan area, with automated AVs that may or may not require a pilot.

As the population is increasingly growing, government and other public entities must find an
alternative to the insufficient public transportation, and promote the UAM system as a more

environment-friendly and innovative solution.

Safety of the vehicles needs to be a priority, to ensure the safety of the passengers. The UAM
vehicles can be piloted autonomously, eliminating the need for a pilot on board, enhancing the safety

of the aircraft, which can be controlled by a command center (Ehang, 2020).

2.1 VTOL

Similar to automated vehicles the VTOLs will be powered by electric propulsion, and be capable of
performing vertical landing and take-off, equipped with advanced navigation and communication

capabilities.

Many companies have started developing and testing prototypes for what will be their aircraft when
the implementation of urban air mobility starts in crowded urban areas. Even though the certain future
commercialization of these aircraft is not happening in the next couple of years, many parameters need
to exist for it to be able to penetrate the market when the time comes, these are barriers that are imposed
in other vehicles as well but will be of major importance for the VTOLS, they are safety, noise, emissions

and vehicle performance (Holden & Goal, 2016).

To engage the public in adopting air vehicles (VTOLS) as a viable option for shared mobility is
imperative that people view it as a safe way of traveling. One way of improving the safety of VTOLSs is
implementing digital systems that include pilot aids and will be of most importance to reduce pilot error
incidents and consequently crashes, making use of automation and sophisticated communication and

navigation systems will be a key component to guarantee in-flight safety (Holden & Goal, 2016).

Regarding the noise concerns, they are towards the people living in close proximity to where the
VTOLs will circulate, and it’s important not to disturb the communities living in those areas. The
VTOLs will be operating quite often, and people tend to oppose the usage of vehicles in certain locations
due to the noise. The noise generated has been identified as a critical factor in the development of this
technology (Eissfeldt, 2020).



Embracing UAM as a new mean for daily commuting

There are noise goals that have to be met, and restrict the level of decibels emitted by the vehicles
engines. There is regulation for noise around airports and helicopters, but for VTOLS they need to be
more restricted, meaning it should be able to blend with the existing background urban noise.

As it was mentioned before the noise levels generated by vehicles that will circulate in urban
airspace is identified as a critical factor in the development of this technology, and measures must be
developed to mitigate this risk, either by reducing the decibels produced by vehicles, or even restrictions
on noise levels. The movement in urban airspace, as the name implies, will be made over the homes of
citizens who will be exposed to noisy emissions from autonomous air vehicles (VTOLS), affecting their
quality of life. One way to combat this factor will be to promote the involvement of the population in
solving this problem and to understand the level of tolerance that exists in the different communities
(Eissfeldt, 2020). By creating a source of information in real-time, where the community can withdraw
information, but also contribute to it, increasing their involvement regarding the problem with noise
emissions. The use of smartphones to capture noise through microphones can be an adaptable solution,
where the majority of the population would have access and a way to contribute to the study. To
optimize and control sound emissions by autonomous aerial vehicles, it is important to first understand
the level of tolerance in communities, and from there develop maps and routes according to the

information given by the public.

Another big concern of the general public is the emissions of greenhouse gas, and the transport
sector is one of the largest contributors in the world, in 2018 27.9% of Europe 28 greenhouse gas
emissions came from the transport sector (European Environment Agency, 2020). The greenhouse gas
emissions in the transport mode are expected to have increased by 32% in 2030 when compared to 1990
levels. However, the VTOLSs can generate an appealing solution to this problem, since they are fully
electric and create zero in-flight carbon emissions being a more ecologically and sustainable mode of
transport (Holden & Goal, 2016). The environmental impact will be important for the communities to
accept the Air transport offerings, so having a minimal impact is a positive measure, and VOLTs may

create the solutions everyone seeks for a more sustainable way for traveling inside the urban areas.

2.2 Automation and Automated Vehicles

Wickens and Hollands (2000) defined automation as the use of machines or systems to do a task that
would otherwise be done by a person. There are cases where automation is minimal, as is the case in
automatic vehicle windows, but there are also cases where the level of automation is very high, such as

in airplanes, or in this case in air vehicles, which will be an essential part of urban air mobility systems.
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The use of navigation systems for autonomous or even semi-autonomous vehicles will make it
possible to identify the shortest routes, using not only land routes but also air routes or a combination
of both. These attributes allow us to estimate that travel times, especially within cities or suburban areas,
will be drastically reduced, since the vehicle's (airborne) navigation system can avoid the areas of
greatest congestion. However, the adoption of new technologies is usually a time-consuming process,
which involves establishing a relationship of trust with users and understanding their preferences and
opinions regarding autonomous vehicles. Trust is a determining factor in acceptance and can dictate the

acceptance and intention of using AVs (Winter et al., 2020).

There will be innovative people, who will want to adopt the technology with little or no resistance,
and later some "early adopters™ will also adopt, thus boosting the adoption by the other groups
(Pettigrew et al., 2019). It is not only the technological factor that will affect the will or intention to use
aerial vehicles but also the emotional aspect, so it is important to understand which factors, in a holistic
way will influence the decision-making process regarding the intention to use these vehicles (Winter et
al., 2020).

The affective part of the human being plays an important role in making decisions, especially if
they are made with little information available, such as the case with air vehicles or "air taxis". Many
potential users are unaware of or unfamiliar with high levels of automation, and certain emotions may

be predictors in the acceptance of "air taxis" and urban air mobility systems.

Several benefits come from adopting automation into our daily life, that includes transportation,
for instance, people who were unable to travel privately like young or older people and people with
disabilities could have more autonomy and not depend on others to have the same level of mobility.
Most of the casualties on road accidents, around 90%, were caused by human error situations, with
automated vehicles those numbers will be reduced drastically if not eliminated (Begg, 2014). However,
there are some setbacks that may cause barriers to implementing fully-automated vehicles, the level of
engagement on the driving task is one of them, since the driver does not have to be so attentive to the
road he or she may not be able to react in a situation where manual control is required, like dense fog
or snow, and even very congested urban areas. Another issue is the attribution of guilt in case of an
accident, who is to blame? The driver, or the vehicle itself? An efficient legal system needs to be created

to regulate these situations when more automated vehicles start to travel on the road.

Another barrier opposed to autonomous vehicles and driving them is their acceptance, using a self-
driving car is not the same as driving the car manually, the driver gives up the control, which is feared
by many individuals (Brell et al., 2019). Anything that people do not understand or do not know how
to work with, causes some discomfort. Personal data sharing is still a drawback since fewer people are

willing to share it.
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This technology is very appealing and represents a way to improve both comforts, as well as
safety and mobilization of people, autonomous vehicles must be able to penetrate the market, and for
this, it is important to quantify and analyze the perception of the public and its expectations regarding
the acceptance and subsequent adoption of this means of transport and the vehicles concerned. It is
important to inform the population of the benefits that come from its use, but also of the risks because
only with an informed population it is possible to achieve the desired level of acceptance. By increasing
people's awareness of the improvements that this technology can bring to their daily lives, it will be
easier to move from the acceptance phase to the acquisition phase of autonomous air vehicles, and

subsequent implementation of mobility in urban airspace (Eker et al., 2020).

2.3 MaaS

The concept of mobility as a service (MaaS) arises with technological advances, and with the integration
of information and communication technologies in urban mobility, as a way to responsibly and

effectively use the available resources allocated to the transport sector.

MaaS will act as a source of accessibility to intermodal or multimodal mobility solutions, while the
suppliers ("Maas Suppliers") of these solutions will manage the platforms where the various modes of
transport are inserted (Schikofsky et al., 2020). This program focuses on the individual mobility needs
of each user, making it important to know what factors can drive the acceptance of this service,
something that is not yet well known. It is an integrated multimodal platform, a view that allows the use
of more than one means of transport in the transport chain, available on a single platform, accessible

through a single account and payment method.

Through the use of ICT, MaaS uses algorithms focusing on individual preferences, to manage the
passenger's path, with the entire process developed only in an application with easy access. The
passenger can certainly use the transport chains that currently exist, however it will have to be herself
or himself managing his route and the means he will use, without access to an integrated source of

solutions, a source that encompasses not only the modes of transport but also the payment system.

The Maas service may not be the most suitable for short trips, or to passengers who only need to
travel in one or two different modes of transport, but for multimodal trips, where there are many changes
of transportation means and many costs associated with transport, having access to an integrated
platform facilitates the passenger in choosing the indicated route and consequent means, as well as in
the payment of these, needing only to have a personal account, where he draws his route and makes the

payment, all in an app on mobile or through the web.
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Schikofsky, et al. (2020), through qualitative data collection, noted that multiple factors affect the
motivation to use Maas services, not just perceived utility or ease of access or use, but it was also found
that factors such as flexibility in route choice, time savings in planning, and greater efficiency are
associated with innovative multimodal mobility systems. Sharing an identity with a group (MaaS users)
can also have positive implications, as it supports the connection between individuals living a
community life. Availability and trust, as well as internet coverage and possession of a smartphone, are

requirements to take advantage of MaasS services, which restricts potential users.

Other sources also appear that may affect the motivation or intent of use, such as environmental
and ecological issues, because MaaS is not always associated with electric vehicles, and also the concern
of users with data privacy and its security. However, the latter has not been pointed out as a factor that
can significantly impact the decision-making of the population concerning adopting or not these

innovative mobility services, according to the authors.

2.4 Own Vehicle vs Shared Vehicle

When autonomous vehicles are implemented, many will be the resulting benefits, such as accident
prevention, the allocation of mobility to people unable to drive, the reduction of gas emissions, and
several unlisted, on the other hand, there are also fewer positive aspects, especially in the case of non-
air mobility, as there may be increased congestion as more people will be able to drive, and people who
are employed can also see their jobs disappear in the face of technological development. However, these
benefits or risks will only be felt when the technology is adopted by the majority of the population,

something that will depend on the speed in the acceptance of automation by drivers.

A deadlock in the implementation of MaaS is the fact that many prefer to have their own vehicle
instead of using shared mobility services. The change from a private vehicle to the shared vehicles
should be supported by the government, which can facilitate this transition through incentives (e.g. tax
incentives), or with the creation of educational programs to the general public on the nature and
advantages and disadvantages of the use of autonomous vehicles, and also of autonomous air vehicles,
because as mentioned above, providing accurate and credible information on this new technology

increases the intention to use these vehicles (Pettigrew et al., 2018).

However, and at an early stage of the implementation of autonomous and air vehicles,
manufacturers will choose the model that will be more monetarily productive (Pettigrew et al., 2019),
and focus on the older age groups most likely to quickly adopt new technologies, young people or men
with greater monetary power, rather than focusing on the people who will benefit the most, namely the

people who are unable to drive a vehicle.
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2.5 Determining factors

Eker et al. (2019) conducted a study where the adoption of flying cars was analyzed, through the analysis
of factors that can affect the intention of buying and using vehicles, and unsurprisingly, it wasconcluded
that the perception of risks and benefits, as well as the factors that influence the operationalization of
this means of transport, constitute a very significant impact on the decision- making of individuals

regarding the adoption of flying cars to make trips, regardless of distance and cost.

Some characteristics can vary from individuals to individuals, or from urban to rural environment,
so it is necessary to analyze the specific characteristics of the population, in order to determine
concretely the perception of the general public. This will facilitate the creation of regulations, and roads
and can even help vehicle manufacturers to design a strategy more focused on specific groups of

consumers.

Last year NASA developed a market study to find out which barriers could exist to the
implementation of passenger air transport systems and also freight, this study was conducted in 15
different cities in the United States (NASA, 2019). The results showed that about half of the respondents
would be open or agreed to the adoption of UAM (Urban Air Mobility) systems for the transport of
goods and passengers, however, there are some conflict areas, which raise concern to the representative
population in the study, areas such as safety, pollution, and environmental impact, privacy, and
cybersecurity of user data, are examples of these concerns. Additionally, Al Haddad et al.,(2020)
identified that demographic factors are also influencing the intention to use the UAM. Market analyses
show that younger individuals, or older individuals, but with greater economic power are the groups
most likely to adopt this new technology, belonging to the group of innovators or early users (Pettigrew
etal., 2019).

When we talk about safety, we are including the safety of the vehicle itself, which encompasses
thorough maintenance routines, but also safety during the journey itself. In a study conducted by the
Deloitte Analytics Institute (2017), regarding the use of automation in passenger transport, about 90%
of respondents said they would feel safer if they knew they could take control of the vehicle at any time,
or if there was a pilot in the vehicle to mitigate the risk of an accident, but it would represent an
additional cost, with another agent being the cost and putting barriers to some segments of the
population. The fact the population sometimes shows some aversion to adopting new technologies may

be a difficult or at least retarding factor to the implementation of the UAM, but if it was possible to
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show the benefits that we can draw from automation and the positive social impact it can bring, it would
perhaps lead to a higher level of perception of its usefulness.

Another factor pointed out is the loss of jobs, many jobs depend on a driver to operate the
vehicle on its route, with the implementation of the UAM and the use of autonomous vehicles these
jobs will be made superfluous and many individuals may end up without employment, however, the
technological direction we take indicates that automation will continue to be developed and the need
for operators to operate with machinery, equipment and new transport modes will decrease more and
more. We are able to see this phenomenon in the industry in general, where gradually more posts are
replaced by machines, to mitigate human error from the production process.

As for environmental benefits and risks, decongestion and reduced traffic in urban areas should
facilitate the reduction of the amount of CO2 emissions by vehicles, as there were fewer vehicles with
engines running, however in the study by Al Haddad et al. (2020) respondents were concerned about
noise and visual pollution in urban centers, since vehicles will circulate in the airspace directly above

the city.

It is difficult to make a concise and thorough study of the attitude of the population towards the
use of urban airspace and autonomous vehicles, so it is important to collect as much information as
possible for when the time comes and the implementation of the technology is imminent, consumers
are informed and know the risks and benefits that come from its use. Knowing the population and having

them well informed will be vital for the successful implementation of urban air mobility systems.

3. Methodology
3.1. Survey design

An online survey was retrieved from Lencastre (2020) the study’s survey had all the relevant items and
information to carry on to the present research along with the previous 200 responses already gathered.
The online survey was once more shared and more responses were obtained. It is designed with an
average duration of 15 minutes, and a total of 49 items. The survey was structured in 12 topics to collect
information on the respondents” views on the adoption of new technologies, automation, their attitudes
towards AVs and UAVSs, their mobility and driving behavior, their environmental concerns, and their

sociodemographic characteristics. Specifically, these topics are organized as follows:

Trust in Automation: in this section, respondents were asked to give their opinion towards
automated technologies on driver assistance systems (e.g: cruise control, braking assistance, etc.).

Respondents were also asked if they ever used driverless vehicles and/or if they knew anyone who had.
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Adoption of new technology: respondents were asked to place themselves in the adopter category
that better represents them, from 1 — Laggards (very skeptical of change) to 5 — Innovator (very
venturesome and interested in new ideas). Using the same scale, questions to address the shared mobility
systems, like ride-hailing, car-sharing, etc. were also added. The next topic was introduced by asking
whether respondents knew what Automated Air Vehicles are.

Air Vehicles: Introduction to Autonomous Air Vehicles in a short but objective text, to explain and

inform the respondents about what an Air Vehicle is and what it can be used for in our society.

Expected Benefits: in this section, respondents were asked about how they did feel towards the
possible benefits of introducing the Urban Air Mobility systems in our society. A 7-point Likert from

1 - Strongly Disagree to 7 - Strongly Agree was used.

Cyber Security: Using the same previous scale, respondents were asked about their feelings
towards Cybersecurity practices in order to protect future users from digital attacks.

Safety: Regarding safety, respondents were asked how safe they would be in a society that uses Air
Vehicles, using different sentences and scenarios to obtain more trustworthy information. The same

Likert scale of agreement was used.

Intention to use: in this topic, the main goal was to determine if the respondents are likely to use
Air Vehicles in the future, using sentences based on the previous topics to see if they could be barriers
to using Air vehicles. They were also asked what they would use Air Vehicles for (e.g. trips to work or

college, leisure activities, social activities and, healthcare services).

Public Embracement: To understand the participant’s embracement, which is composed of
intention to use and acceptance of UAM and Air Vehicles, it is important to know the respondent's
acceptance of the transportation mean. Therefore, they were asked about (1) their level of acceptance,
(2) the Air Vehicles utility and (3) their feelings about. Sentences were answered using the 7-point

Likert scale from 1 - Strongly Disagree to 7 - Strongly Agree.

Mobility Behaviour: The respondents were asked how long they spent on their daily trips from/to
work or college, and which means of transportation they use to. They also were invited to rank the
satisfaction level regarding their trips, encompassing work, leisure, and social activities (from 1 —
Totally Dissatisfied to 7 — Totally Satisfied).

Driving Behaviour: This group of questions is important to understand the respondents’ driving
habits, and also to know the percentage of respondents that actually drive and/or own a vehicle. The
last item refers to car crashes and their severity, to understand the difference and possible impact on the

embracement of Air Vehicles between a driver who never had an accident and a driver who had.
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Environmental Concerns: in this topic, the main goal is to understand the level of concern of each

respondent on environmental issues, and if they are willing to pay more in benefit of our planet.

Demographics: Respondents were asked to report their gender, age, education background, current
employment situation, annual net household income, and the country where they live. They also

reported whether they had children.

3.2.  Sample characterization

The research sample was obtained through the distribution of an online survey on social media. The
target population was Portugal Inhabitants with age above the minimum legal age of driving (18 years
old), from both Portugal’s metropolitan areas and rural areas. In order to guarantee that the sample was
representative of the Portuguese population, with participants from all age groups and different
geographical areas, a non-probability sampling method was chosen, the quota sampling method, which
strata were defined by region and quotas were computed proportionally to the population distribution.

An extensive effort was put into the continuous distribution of the survey online and a direct
approach method was also used through Linkedin, to avoid bias underlying the social media collecting
method. For example, people more knowledgeable about the subject, like those linked with areas of
expertise such as the automobile and the aeronautical industries were directly contacted as well as

professionals from other areas of work

Along with the survey, there was also a small text giving an introductory explanation about Urban
Air Mobility and Air vehicles, trying to catch the attention of the participants and motivate them to want
to know more about the subject, in order not to abandon the survey. The survey was conducted between
July and November 2020. Out of 882 total responses, 485 were considered valid as they properly have

fulfilled the quota strata.
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Table 3.1 - Distribution of respondents’ Socio-Demographic Characteristics

N Valid %
Gender
Male 278 57.3
Female 207 42.7
IAge Group
181024 128 26.4
25t0 34 130 26.8
35t0 44 76 15.7
45 to 54 75 15.5
55 to 64 70 14.4
65 + years 6 1.2
Children
Yes 194 40
No 291 60
Education
Primary or Secondary School 1 0.2
High School 40 8.2
Apprentieship with graduation 20 4.1
Bahelors’ Dregree 220 45.4
Masters’ Degree 187 38.6
PhD 15 3.1
Prefer not to say 2 0.4
Monthly Net Income
500€ or less 8 1.6
500€ to less than 1000€ 51 10.5
1000€ to less than 2000€ 111 22.9
2000€ to less than 3000€ 120 24.7
3000€ to less than 4000€ 66 13.6
4000€ to less than 5000€ 47 9.7
6000€ to less than 7000€ 17 35
More than 7000€ 10 2.1
Prefer not to say 55 11.3
Current Employment Situtation
Employed - Ful I time 301 62.1
Self—em ployed 43 8.9
Retired 8 1.6
Student (u niversity or college) 83 17.1
Currently unemployed 21 4.3
Other 22 4.5
Prefer not to say 7 1.4
Place of Residence
Megacity 4 0.8
City with over 1 million and less than 10 142 29.3
million
City with less than 1 million habitants 161 33.2
Smal | town 142 29.3
Village 4 0.8
Remote location 32 6.6

Respondents are not equally distributed regarding gender, having a predominance of male (57.3%)

compared to female respondents. Regarding the distribution by age group, the majority of respondents
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(53.2%) are under 35 years old, with the predominant age group being 25 to 34 years old. The remaining
age groups have a percentage of respondents around 15%, except for the age group of 65 and over,
where only 1.2% of responses were obtained. A large percentage of respondents do not have children
(60%), which was expected given the youngest are the most present age groups in this study.

The majority of respondents (about 58%) have a higher degree of education, and 38.6% have a
master's level, which indicates that, in general, the sample is composed of an educated population. For
the monthly income of respondents, 24.7% receives between 2000€ and 3000€, and almost 50% of
respondents have monthly salaries between 1000€ and 3000€.

Most of the participants have a full-time job accounting for more than 62% of the sample, 17.1%
are still studying, and just 4.3% are unemployed.

Regarding the local of residence, about one third (33.2%) live in cities with less than 1 million
inhabitants. The number of respondents living in cities with more than 1 million inhabitants or in small

towns is the same, with 29.3% responses each.

In terms of mobility habits, almost 95% of the respondents have a driving license and 78.6% have
a vehicle for their own use, that is, most respondents have the possibility of freely circulating on the
public roads without resorting to public transportation, and almost 60% take advantage of it. Only

30.9% of the total sample have a monthly public transport pass.

3.3. Segmentation approach

Before conducting the cluster analysis, a Principal Component Analysis (PCA) was applied to reduce
the number of items of the Public Embracement section which were used as base variables for the

segmentation analysis.

The Cluster analysis was employed to segment the sample based on the respondents’ similarities
or dissimilarities, meaning that the respondents that fit the same group or cluster are expected to have
similar characteristics that differentiate them from the rest of the clusters. The cluster method aggregates
the individuals according to a set of variables, the segmentation base, which are in our study the

components of the public embracement section, as mentioned above.

To perform the cluster analysis two different approaches were employed to increase the legitimacy
of the chosen solution, the hierarchical Ward, and non-hierarchical K-means methods. Firstly, the
hierarchical Ward method with Squared Euclidean distance measure was applied, for the purpose of
deciding the number of clusters to use in the K-means method. The latter method was conducted to

improve the accuracy of allocating each individual within the clusters. Finally, the chosen clusters were
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labeled using their characterization in terms of the segmentation base variables. Then, they are also
characterized using other variables, such as Safety, Expected Benefits, and Intention to Use of Air
Vehicles. Although the groups are not independent, parametric and non-parametric hypothesis tests
were conducted only to support this characterization.

4. Segmentation results and discussion
4.1. Public Embracement components

The PCA was conducted in order to reduce the 16 variables of Public Acceptance of Air Vehicles into
a smaller set of variables (PCs). From the set of 16, two variables were excluded from the analysis: (1)
“Air Vehicles are an acceptable means of transport”, because it had almost no correlation with the other
chosen variables, and had a very low commonality value, (2) “I am concerned that Air Vehicles will
become a transport mode only for the rich” because it generated a one-variable PC. The chosen PCA
had a value of 0.819 in the KMO and of 0.0 in Bartlett’s test, suggesting a high correlation between the
data. The solution was obtained with varimax rotation and explains 73.4% of the total variance. It is
composed of five components, named: “Use purpose”, “Benefits”, “Healthcare or Emergency”,
“Ambient Concerns”and “Risks and Concerns”. Table 4.2 presents the items per PC and their respective
loadings. These dimensions were then used as a basis to perform the cluster analysis, and more than one
solution was found. From the hierarchical Ward method, five to seven cluster solutions were obtained
and analyzed. Sufficient differences between clusters were identified to favor and opt for the six clusters
solution, which was used as the initial solution for the non-hierarchical K-means analysis. The K-means

allows for more precise distribution of the respondents in the cluster division.

Table 4.1- Distribution of Base Variables’s descriptive statistics

5.31 1.249
4.84 1.512
3.19 1.556
4.82 1.575
4.94 1.555
5.01 1.113
3.90 1.353
4.28 1.466

4.44 1.655
4.81 1.503
4.83 1471

6.02 1.080
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UAVs should be used to transfer goods to people

5.32

1.467

UAVs should be used to respond to emergency cases

6.25

1.033

Table 4.2 - PCA results: loadings for the Public Acceptance items per PC

Items

PC

Purpose

Benefits

Social | Environmen
needs t

Concerns

asodund asn

UAVs should be used to
transfer people for leisure

0.885

UAVs should be used to
transfer people for social
activities

0.884

UAVs should be used to
transfer people from/to
work or school

0.698

UAVs should be used to
transfer goods to people

0.648

STIEIE:

UAVs will improve
transport accessibility

0.818

UAVs will increase the
quality of life

0.733

Moving with UAVs will be
as safe as with airplanes

0.637

UAVs will be beneficial for
the society

0.597

10

Aouabuswg
a1eoyljesH

UAVs should be used to
respond to emergency cases

0.881

UAVs should be used to
transfer people from/to
healthcare services

0.873

uBIqUY

I am concerned that UAVs
will increase noise pollution

0.904

I am concerned that UAVs
will increase visual pollution

0.86

I wouldn't feel comfortable
living in a city that adopts
UAVS

0.818
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UAVs will be risky to the
public

0.806

SuUJ1aduod
pue Systy

4.2.  Cluster Profile Analysis

The cluster analysis resulted in a final solution of six clusters with different levels of adoption and
intention to use levels, which together amount to the level of embracement regarding the use of Air
Vehicles, each distinctive in size and other characteristics(Annex E). Figure 4.1 and Table 4.3 show the
distribution of mean scores of the embracement components per cluster. Table 4.4 presents the

distribution of levels of UAM adopters per cluster.

K Means
1,50000
1,00000
0,50000 . l
0,00000 1
2 3 4 6
-0,50000 ste 5
~1,00000
-1,50000
-2,00000
m Purpose/Utilidade m Benefits/Beneficios

m Healthcare or emergencies/Satude e emergéncias m Ambient concerns/Preocupagfes ambientais

® Risks and Concemns/Riscos

Figure 4.1. Mean scores of Principal Components per cluster

Table 2.3 - Mean scores of Embracement components per cluster
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Emergency -1.4444 0.3535 0.5848 0.1534 0.0216
Supporters

Skpetics 0.1005 -1.3527 0.3133 -0.3211 0.4707
Deniers -0.3652 -0.1525 -1.8083 0.05372 -0.0056

Table 4.4 - Distribution of UAM adopters per cluster

Cluster Open- Pollution First- Emergency . .

g " Skeptics | Deniers
Groups minded sensitive movers supporters
Laggards 8.0% 4.7% 2.9% 9.6% 20.5% 14.9%
Late Majority 34.5% 32.7% 17.6% 32.5% 35.6% 28.4%
Early 26.4% 35.5% 30.9% 39.8% 23.3% 37.3%
Majority
Early 16.1% 19.6% 35.3% 10.8% 12.3% 11.9%
Adopters
Innovators 14.9% 7.5% 13.2% 7.2% 8.2% 7.5%
e G 17.9% 22.1% 14% 17.1% 151% | 13.8%
(Sample)

Cluster 1 counts for 17.9% of the sample and has an average positive mean in every component,
meaning the participants of Cluster 1 are very open to both using and accepting AVs. They understand
the possibilities of their use and the associated benefits but they are also aware of the risks they might
present to people. Therefore, the participants of Cluster] were named “Open-minded”. This group
entails the highest percentage of expressed innovators (14.9%) but also has a relevant percentage of
expressed laggards (8%), regarding UAM adoption. The participants belonging to this cluster compared
to the others use less often shared mobility services, with almost 58% of them stating that they rarely

use those services (Annex C).

Cluster 2 comprises 22.1% of respondents. Unlike the rest of the clusters, the members of Cluster
2 indicate a significantly higher consideration for the environment and seem worried about the potential
visual and noise pollution caused by using UAVs. For this reason, this cluster was named “Pollution
sensitive”. It is the cluster with more female participants (26.1% of the sample) and involves many
young people, as almost 60% of the members belong to the age groups of 18 to 24 and 25 to 34 years
old (Annex D).

Cluster 3 entails 14% of the total sample and its members have a higher appreciation of the benefits
that UAM could bring to society for commuting, emergency and health situations. However, they are
not worried about noise and visual pollution. It mostly entails male participants (72.1%) with 25% of

the cluster members belonging to the age group of 55 to 64 years old with a relatively high level of
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monthly net household income. All the factors point out to a group with high levels of technological
acceptance, as more than 35% of the cluster members consider themselves to be early adopters of UAM
and more than 13% innovators, earning the title of the “First Movers”. The fact that most participants
are men and the age group is generally older might be an important factor in making the cluster the most
prone to embrace UAVS, because it is known that men engage earlier to new technologies and adjust
easier to technological changes, Al Haddad et al., (2020).

Cluster 4 contains 17.1% of the respondents. Its members expressed that they would only accept
the use of UAVs for emergency or health cases, without demonstrating trust in the usefulness of this
technology for more purposes. Therefore, they are named the “Emergency Supporters” citizens. This
group is constituted mostly of young people (65%), with a lower average monthly income, this group
has the highest percentage of people with income lower or equal to 500€(3.6%). The members of cluster
4 do not demonstrate a strong intention to use UAVs early with the percentage of laggards surpassing
the innovators by 2.4 percentual points.

Cluster 5 represents 15.1% of the sample. Besides seeing some use in emergency and healthcare
for Air Vehicles, these cluster members do not think the benefits for general use will overcome the risks
for the society, meaning they are not convinced about the benefits of implementing this technology in
the transportation sector. Thus, the participants in this cluster were named “Skeptics”. This cluster has
the highest percentage of Laggards, representing more than 20% of its participants. This group has more

respondents earning high monthly income with 13.6% earning 6000€ or more.

Members of cluster 6 express a group of “Deniers” because they have demonstrated a negative
average value across all factors variables. They do not even find Air Vehicles useful for emergency and
health situations. Most of the representatives of cluster 6 are young people (55.2%) who regard

themselves as late majority when it comes to adopting Urban Air Vehicles.

To detail, the cluster characterization, the average values for Safety (Table 4.5), Intention to Use
(Table 4.6), and Expected Benefits (Table 4.7) items were used. There are some similarities among
some clusters that should be noted: they present high means in several of the following item variables,
suggesting that group members have higher intention to use and higher perception of expected benefits.

Clusters are also characterized in terms of socio-demographics.
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Table 4.5 - Average values of Safety variables per cluster

5.43 521 4.79 5.19 5.23 4.58
6.02 5.73 5.43 6.04 5.82 5.51
5.85 5.43 5.12 5.55 5.75 5.28
5.76 4.61 4.38 5.25 5.55 5.16
5.77 5.79 5.46 5.73 5.67 5.34
5.78 5.39 5.50 5.47 5.49 5.46
6.15 6.30 6.26 6.22 6.04 5.52

The participants from Cluster 1, the “Open Minded”, value safety and consider it an important
factor in UAV acceptance and use. Despite being open to the application of UAM, it is interesting that
they have the highest average in the concerns analyzed. Specifically, besides having the possibility for
an operator on the ground to take control of the vehicle at any moment, they also emphasize the
importance of the performance of the vehicle under poor weather conditions. They accept the use of
UAVs for any purpose, demonstrating in general high levels of acceptance and intention to use in all
the stated purposes but in comparison to the other clusters, they have the highest acceptance level for
the use of UAVs to execute leisure trips. They also expect the implementation of UAM to enhance the
reduction of the travel times and facilitate trips that serve the activities of policemen and ambulances.
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However, they are not sure about how safe UAVs as a mode will be. The age groups more present in
this first cluster both with 25.3% are members with 25 to 34 and 55 to 64 years old, and 42.5% of its
members have a bachelor’s degree. Regarding the monthly net income, 43.7% earn between 2000 and
4000 euros.

The “Pollution Sensitive” are the participants who are more concerned with the noise and visual
pollution that may occur due to the implementation of this new mode of transportation. They do not
firmly believe that Air Vehicles will make transportation easier to move for the population in general
but think their use for healthcare services or leisure and social activities is appropriate. This cluster
gives more importance when compared to others, in having an operator available to give control to the
aircraft in case of emergency. The reduction of road congestion and travel times seem to be the benefits
expected from the implementation of UAM, besides helping the police and healthcare agents. Regarding
the age distribution, 60% of members are between 18 and 34 years old, and only 7.5% are between 55
and 64 years old. More than 85% have either a bachelor's or a master's degree. Roughly 30% earn a
monthly net income from 500 to 2000 euros whereas 28% from 2000 to 3000 euros.

Table 4.6 - Average values of Intention to use variables per cluster

Cluster Open Pollution First Emergency Skeptics | Deniers
Groups Minded Sensitive Movers Supporters

Trips from to 4.91 4.31 4.85 3.18 3.49 3.54
work or

college

Trips to leisure 5.64 5.46 5.46 4.01 4.75 4.40
activities

Trips to social 5.54 5.36 5.69 3.82 4.67 4.36
activities

Trips to 5.97 6.08 6.09 5.65 5.47 4,52
healthcare

services

The members of the “First Movers” cluster are concerned with safety, as they feel it would be
important to be able to talk and give manual control to operators on the ground in case of an emergency.
However, they are not too much concerned with the first AV being unsafe. Aside from using UAVs for
healthcare services, these participants also see themselves using this mode of transport for social
activities, not so much for work or college purposes. They expect UAM to highly reduce road
congestion and travel times and in general, they appreciate the most the expected benefits that UAM
could provide to society (average benefits value on a Likert scale = 5.9/7). Regarding the financial
possessions, the members of the “First Movers” have a generally higher monthly income when

compared to most other clusters. However, there are 41.2% that earn from 1000 euros to 3000 euros,
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although 17% earn between 4000 euros and 5000 euros. Regarding the age distribution, 44.1% of this
cluster’s participants belong to the 45 to 64 years old age range, and the younger age groups have the

lowest percentage. Most of the cluster members have either a bachelor’s or master’s degree.

The “Emergency Supporters” individuals, as described above, are members of the fourth cluster as
they tend to accept the use of AVs if it is only used for healthcare services. Despite the strict attitude
towards the utilization of UAVSs in society, these members do not demonstrate negative behavior on the
expected benefits of UAM. Compared to the other clusters, they are the most concerned with the
circulation of UAVs under bad weather conditions and they strongly expect to have the chance to
contact an operator to take control of the vehicle in case of an emergency. Most of the members of this
cluster are young participants (65% have between 18 and 34 years old), more than 90% either have a
bachelor’s or master’s degree. Regarding the monthly net income, 54.2% of the group members earn
less than 3000 euros. Finally, a characteristic of this cluster is that 10% of its members do not have a
driving license as opposed to the other clusters for which the lowest respective percentage is 5% for
cluster 6, the Deniers.

Table 4.7 - Average values of Expected Benefits variables

571 5.77 6.03 5.28 4.58 4.78
5.46 5.44 54 4.98 4.22 4.66
5.82 6.12 6.15 5.67 5.29 5.15
5.09 5.14 5.60 4.77 3.85 4.22
5.29 5.01 5.60 4.87 4.05 4.49
5.83 6.16 6.15 5.67 5.48 5.16

22



Embracing UAM as a new mean for daily commuting

Members of the fifth cluster, the “Skeptics”, are not convinced that the usage of Air Vehicles will
bring many benefits to society, except for their use in an emergency or police-related situations, because
they could act faster. This group is the most skeptical on the expected benefits of UAM for society and
they have a moderate attitude towards the risky aspects that would concern the society. It can be noted
that performance under poor weather conditions and UAV safety upon their introduction to mobility
are two aspects that concern this cluster more than the others. 54.8% of the fifth cluster members are
between 18 and 34 years old, and 19.2% belong to the age group of 45-54. Regarding to the monthly
net income, 46.5% reported they earn approximately 1000€-3000€. However, the “Skeptics” have the
highest percentage of participants with the highest monthly net income with 13.6% earning more than
6000 euros. Regarding to the education level, about 80% have either a bachelor’s or master’s degree.
Finally, it is noteworthy that 30% of the Skeptics did not own or lease a car the time they participated

in the survey and 70% commuted within 30 minutes.

The sixth and last cluster, the “Deniers”, is among the groups with the least levels of adoption or
intention to use the Air Vehicles, even in emergency and healthcare situations. As for expected benefits,
they think it might facilitate the job of police and ambulances. However, they do not regard the UAVs
as safe or faster than other existing means of transport. Regarding the socioeconomic characteristics of
this cluster, 55.2% of this cluster’s members are between 18 and 34 years old, and there are no members
older than 65 years old. Regarding the monthly net income distribution, 67.2% earn more than 1000
euros and less than 3000 euros and, only 4.5% earn more than 4000 euros. When it comes to educational
levels, 86.9% have either bachelor’s or master’s degrees. In this group, there is also a high percentage
of members (24%) who do not have access to a car (own or lease one) and commute fast compared to
the other clusters (66.3%).

Global Mean Socres on Acceptance
7 (X) and Intention to Use (Y)
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| eog®
5

BN
Bl )

4 4.5 5 5.5 6 6.5 7

Figure 4.2 - Clusters distribution (average values) by Acceptance and Intention to Use of
Air Vehicles
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Figure 4.2 shows the levels of embracement regarding UAM and Air Vehicles per cluster. It
presents, on a scale from 1 (Strongly Disagree) to 7 (Strongly Agree), the average values for each cluster
in the items of Acceptance (x-axis) and Intention to Use (y-axis). The average of the acceptance items
was computed using the 14 variables of Acceptance, and the average values for Intention to Use the
items from Intention to Use of the survey were used. All average values are higher than 4, meaning that
all the clusters have a global mean on Acceptance and Intention to use above the average point of the
scale which is very positive in terms of how the groups see and feel about Air Vehicles.

The “Open Minded” (Cluster 1) members have the highest average on Acceptance (5.49) meaning
they are those individuals that more easily accept the implementation of Air Vehicles. On the other
hand, the “First Movers” (Cluster 3) are most prone to use these vehicles (Intention to Use average is
5.52) although they also have a high average of Acceptance. These two cluster groups correspond to
the population segments that will not pose barriers to the implementation of UAM and AVs as a new
and innovative mode of transport. Therefore, “Open Minded” and “First Movers” will not need many
incentives to embrace UAM. However, “Emergency Supporters” (Cluster 4), “Skeptics” (Cluster 5) and
“Deniers” (Cluster 6) will be the segments that require the most measures and incentives to increase
their levels of Acceptance and Intention to Use. Public entities such as governments or private
companies that will manufacture AV and others involved in the legal and other phases of the
implementation process should focus on the population segments that pose barriers in accepting and

using AV, such as the “Skeptics” and the “Deniers” and “Emergency Supporters”.

The population segments that will be the Innovators or First Adopters, will most likely have a big
role in turning the rest of the population on board with UAM, and their feedback and word-to-mouth

communication will have an impact on the levels of Embracement of the rest (Pettigrew at al., 2019).

4.3 Mobility Habits by Cluster group
Almost a third (31.1%) of the participants spend on average 15 to 30 minutes commuting daily, however

almost the same can be said to less than 15 minutes with 28% of the answers. Only 6.4% spend more

than 1 hour on daily trips.

Table 4.8 - Time spent on daily trips by Cluster group

Cluster Open Pollution First | Emergency . . Total
Groups | Minded Sensitive | Movers | Tolerant LGS R Sample
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Less 33.3% 24.3% 23.5% 32.5% 24.7% 31.3% 28.2%
than 15

minutes

15-30 25.3% 29.0% 33.8% 27.7% 39.7% 34.3% 31.1%
minutes

30-45 21.8% 25.2% 20.6% 25.3% 12.3% 19.4% 21.2%
minutes

45-60 14.9% 13.1% 14.7% 10.8% 15.1% 9.0% 13%

minutes

Over 1 4.6% 8.4% 7.4% 3,60% 8.2% 6.0% 6.4%

hour

Regarding the mobility habits of the sample group, it was observed that many participants often
dismiss the use of shared mobility services since 14.8% never used it or it is not available for their use,
28% rarely use them, and 18.6% only use it once a month. A small percentage compared to the
participants who use the mobility services more than once a week or once a week, with 6.6% and 9.5%,

respectively.

Table 4.9 -.Frequency of usage of Shared mobility services

Percentage

More than once a 6.6
week

Once a week 9.5
Every two weeks 12.8
Once a month 18.6
Every couple of 9.7
months

I rarely use these 28
services

Never used it/Not 14.8
available in my

residence area

A factor that impacts the use of these environmentally friendly services is the crushing number of
privately owned vehicles in the Portuguese population, in our study almost 80% of the participants

currently own a vehicle for their own use, and roughly 60% of them use it every day.

The most used mean of transportation is by far the car, the “First Movers” being those that use it
the most with almost 80%. On the other hand, about 64% of “Deniers” use the car on their daily trips.
The motorcycle and the subway are the most used means of transportation after the car. Both the shared

bicycle and shared car services are the less used transportation methods (Annex C).
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Most of the participants from the various cluster groups never used or do not have access to the
variety sharing transportation services. The “Open Minded” are the most satisfied with the car-sharing
services, with almost 20% claiming to be satisfied with the service. On the other hand, the “Deniers”
have the biggest percentage of somewhat dissatisfied participants (4.5%).

When it comes to carpooling services, the less satisfied group was the “Skeptics” with only 5.5%
reporting feeling satisfied with it. Most of the members of this cluster group as well as in the remaining
groups have never used carpooling services or do not have access to it in their residence. The “First

Movers” showed a considerably higher percentage of totally satisfied consumers (7.4%).

In the Motorcycle sharing services is also verified that most of the participants have never used or
do not have access to the services. Once again the “Skeptics” were the group less prone to take
advantage of this mean of transportation, with a low cumulative percentage of only 10.1% between
satisfied and totally satisfied consumers, compared to the “Open Minded” or “First movers” with 22.9%

and 22%, respectively.

Compared to the previously shared transportation services, the shared bicycle services have more
users with roughly 50% in every cluster group having used it at least once. The “Pollution Sensitives”
are the most satisfied users with 30% being satisfied, and 9.3% totally satisfied. The “Deniers” and the
“Skeptics” are the clusters groups with more members being neither satisfied nor dissatisfied.

In a similar fashion to the bicycle shared services, the scooter shared services are used more often
as a mobility option, with the “First Movers” being the members who use them more, followed by the
“Open Minded”. The “Skeptics” had the biggest percentage of somewhat dissatisfied consumers with
6.8%.

4.4 Cluster implications

In order to have a successful implementation of Urban Air Vehicles and Urban Air Mobility
transportation, governments, local authorities and social entities will most likely have an important role
in encouraging the population to embrace a more environmentally friendly transportation mode (Holden
& Goal, 2016). According to our results, it is expected that certain population segments will adopt
UAVs sooner than others. This dissertation aims to identify those groups to facilitate the development
of strategies to implement UAM in Portugal, guiding stakeholders to the right path. The identified
segments are expected to also have an impact on the broader acceptance of UAVs since they will
theoretically be the first to experience this new and more advanced mode of transport, so their opinion
will be spread and influence the rest of the population segments to either accept or reject Air Vehicles.

Therefore, word-of-mouth communication can be beneficial to UAM.
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Many interesting insights arose from the cluster analysis, although the knowledge of automated
vehicles and automated air vehicles was not high, with only 48.9% of the sample knowing what an Air
Vehicles is, there were still differentiation characteristics found among the sample. However, most of
the sample are educated people with superior degrees so in some population segments with lower levels
of education and not as well represented in this study, the knowledge of this technology might be lower.
Two opposite clusters were identified. One, the “First Movers”, with high levels of acceptance, and
with most participants regarding themselves as Early Adopters or Innovators in the adoption category
classes. On the other hand, the “Deniers”, a segment of the population that does not believe that AVs
and UAM will bring any sort of benefits to society, and most of them are either Laggards or Late
Majority in the adoption category classes. The rest of the clusters lacked those highly defining
characteristics; however, they can be distinguished and be put closer to the “First Movers” or “Deniers”,

in terms of their levels of embracement to UAVS.

The first and third clusters, labeled as “Open-minded” and “First Movers” respectively, entail the
most innovative people from the study. Both have the most participants from the age groups of 25 to
34, which are young people with some financial possessions, they also have participants of the age
group of 54-65. These participants no longer have to worry about their children, therefore have more
time and also money to spend on themselves since when they were young they did not have a chance to
take advantage of technological developments as nowadays the younger people do. The Portuguese
population, especially older age groups, are very fond of air transport since it has always been a part of
the country’s history and culture. Adding to that, the Portuguese coastal area is very long and has several
aerodromes across it, thus it does not come as a surprise that older people are one of the population
segments that are most likely to adopt and use AVs and accept Urban Air Mobility as an innovative and
safe mode of transport. Regions with aeronautic activity might be more receptive to UAM and its

residents might be more willing to use UAVSs early after their introduction in the mobility systems.

Especially in the third cluster, the “First Movers”, there is a big difference in gender distribution,
with men counting for 72% of the participants in the cluster. This is a differentiator factor since men
are known to better or at least more easily accept technological change, and not care as much for the
environment as their female counterparts, and that can be observed since the “First Movers” are also
the ones that have the least concern with the environment. On the other hand, the “Pollution Sensitive”

cluster is the only one with a bigger percentage of female participants.

“Emergency Supporters”, “Skeptics” and, “Deniers” are the most adverse groups to the use of
UAVs as a means of transport and they all share a few similarities in their demographic distribution.
For example, all these clusters have a predominant incidence of younger respondents, the only exception
is the respondents in the age group of 45 to 54 which represent 19.2% of the Skeptics. When compared

to the cluster with a higher level of embracement, the monetary capacity of these participants is also
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inferior, especially in the “Deniers” cluster where 37% have a monthly income of 1000€ to 2000€, and
according to Eker et al. (2020) people with lower income levels are less willing to pay for the use of
AVs or UAM. However, the “Skeptics” group has respondents with higher income, those are
respondents of the age group of 45 to 54 years. Most of the participants in these clusters regard
themselves as either Late Majority or even Laggards when it comes to adopting Air Vehicles, yet those
in the “Open-Minded” and “First Movers” (higher adoption) regard themselves more as Early Adopters

or Innovators.

It was also found that when it comes to gender, men are more prone to embrace Air Vehicles than
women since they tend to have a more positive take on embracing new technologies. About 47% of
female respondents considered themselves as Early Majority, and 27.1% Late Majority, however, 38%
of men also categorized themselves as Early Majority but another 32.1% said to be Early Adopter. Also,
the percentage of Innovators adopting new technologies is higher for men as shown in table 4.10.
Similar results were found across various studies (Al Haddad et al., 2020; Konig and Neumayr, 2017).

Findings show that not all age groups feel the same way regarding the adoption and use of UAVS.
Despite the age differences not being the most important factor, since there are respondents of all age
groups in the cluster with higher levels of embracement, people in the younger age group of 25 to 34
years old, and in the age group of 55 to 64 years old showed higher levels of acceptance towards AVs
and UAM.

Previous research (Fu et al., 2019) also found that the penetration rates for UAVs will be higher in
those age groups mentioned above. The level of income, despite many studies showing it as an important
factor and most times participants with higher levels of income, tend to be more willing to accept and
adopt new technologies. That was not entirely the case in this study, since the “Skeptics” arethe ones
with higher levels of monthly net income, although they are not the ones considered to have atendency

to adopt air vehicles easily.

There are some factors that will have an impact on how society will feel about UAVs and
autonomous driving, namely safety which according to Panagiotopoulos and Dimitrakopoulos (2018)
is the most important one. Al Haddad et al. (2020) also stated safety as the most important factor in
adoption, followed by cost in second and trip duration in third. Safety regards not only the safety of the
rider itself but of the vehicle and the conditions in which it will operate. Across all clusters, even those
who do not seem willing to accept or use AVs, most respondents either stated to agree or strongly agree
to be concerned with using an AV in bad weather conditions. Having the possibility to transfer manual
control or even talk to an operator on the ground could be one method to increase trust among possible
users and thus increasing the levels of acceptance and intention to use, results show that more than 60%

of the respondents agree or strongly agree with this statement.
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Begg (2014), who carried a study on autonomous driving with London based transport professional
residents, found that 20% of the respondents expect level 4 automated vehicles (cars do not need to
have a driver to operate) to be common in the UK; however, 29.8% answered “never” to the same
question. In the study of Kyriakidis et al. (2015) a year later, the participants expected fully autonomous
cars to be on public roads by 2030 (median response), this could mean that people are getting more used
to driver assistance tools based on automation, like cruise control or ABS (Automatic Brake Systems).
According to our results, the clusters with most participants who find driver assistance useful and
reliable are also the ones with the higher levels of acceptance of Air Vehicles. Konig and Neumayr
(2017) associate usage of driver assistance technology in cars with higher levels of embracement of

autonomous vehicles.

With the implementation of UAM, the noise and visual pollution levels will probably raise due to
the circulation of Air Vehicles. However, according to our study, the cluster with higher levels of
embracement has the participants who are less concerned with visual and noise pollution with 36.8% of
“First Movers” responding disagree to both questions. Urban pollution, especially noise pollution will
be a big barrier to implementing UAM. It is a problem that should be tackled early and get the population

to participate in finding a solution to the problem.

Table 4.10 - Distribution of Class regarding Adoption of New Technologies by gender

Late Early Early
Gender | Laggards Majority | Majority | Adopters Innovators
Female 1.00%| 27.10%| 47.30%| 17.90% 6.80%
Male 1.80%| 14.40%| 37.90%| 32.10% 13.70%

5. Conclusions and Further Research

5.1. Conclusion

The purpose of this study was to determine which groups, within the Portuguese population, were more
prone to embrace AVs and UAM as a form of public mobility for their daily use. To achieve that goal

an online survey was shared and 485 valid responses were obtained.

In order to find groups, a cluster analysis was made using the Kmeans method based on five
variables obtained from a PCA applied on14 different items of the public embracement (section H)
section of the online survey, those variables refer to; (1) purpose for UAM; (2) benefits for society; (3)
healthcare or emergencies use; (4) environment and pollution concerns; (5) risks and concerns from
UAM use. From the cluster analysis, six different groups were found, (1) Open-minded; (2) Pollution

Sensitive; (3) First-movers; (4)Emergency Supporters; (5) Skeptics; (6) Deniers. Cluster groups were
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then characterized based on different variable sections, such as safety, intention to use, expected benefits
and, their mobility habits.

The results found in this study also point out the importance of analyzing the characteristics and
the perception of the population over UAM to understand how to act towards a successful
implementation of UAVs in Portugal in the sense that citizens will both accept the use of UAVs and
use them for their mobility needs. The survey showed the low levels of knowledge on UAM of the
Portuguese population, this means it is imperative to provide them with pertinent and significant
information on the benefits of adopting AVs and UAM. Doing this beforehand might be a crucial factor
for having a successful market implementation, since it was also identified in several other studies
related to Air Vehicles and Driverless Vehicles, that ignorance and lack of knowledge only contribute
to the nonacceptance of new technologies. Another important outcome is to take advantage of the
population segments that show higher levels of acceptance, the “First Movers” and the “Open-Minded”,

who can be very helpful to bring the rest of the population in conformity with UAM.

The population segments who tend to be more positive towards Air Mobility and theoretically will
be the first to take on the role of users are either young people in the age group of 25 to 34 years old.
These people are more independent financially than compared to their younger counterparts, and older
people especially in the age range of 54 to 65 who also have financial independence and especially more
free time and a desire to experiment with new technologies, something they were not able to do as young
people because this kind of developments was not possible in that time. In this study, men tend to be
more flexible towards accepting this technology, a fact that seems to reoccur in other studies(Al Haddad
et al., 2020; Hohenberger et al., 2016).

The information gathered in this research will give some light to Governments, Policymakers, and
industrial manufactures on how to approach the market in the early stages of developing and

implementing UAM in the main urban centers in Portugal, namely Lisbon and Porto.

5.2. Limitations

From the beginning of the study, it was known that some limitations were going to impact the results
obtained on the research. Firstly the sample was collected via online. Although a big effort was made
in order to fulfill the quotas by region, it is not proper to consider it representative of the entire
Portuguese population. It was difficult to engage with participants from elder age groups, mainly
participants 65 or more years old, which could bias the sample. In contrast, respondents with higher

levels of education were prone to answer the survey as 84% of the sample has a higher degree of
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education (bachelors” or masters” degree). This was an issue as only 26.1% of the Portuguese population
has a superior degree (Pordata, 2019). Theoretically, the participants in this study were more
knowledgeable regarding technological innovations since they had easier access to trustworthy
information, from their institutions. However, there is still a big percentage of the populations that are
not well represented in this study, which could be a possibility for future researchers to engage and
compare possible results.

A second limitation is the scope of this study, since it is aimed at the Portuguese population, and
should not be directly used to define other nations' perceptions regarding Air Vehicles or the use of
Urban Air Mobility as a mode of transportation. It only can be instructive on how to conduct this

research, or how to make the transitions to other cultures.

5.3. Future Research

Regarding future research possibilities, it is important to keep studying the population more
thoroughly, in order to fully understand the divergencies in the different population segments, and how
to educate all on the benefits that this technology can bring to everyday lives. Other studies (S. Pettigrew
et al., 2019) address the importance of driverless vehicles to benefit people who are unable to drive, the
elderly, and the disabled. These people often depend on family, friends, or professionals to have
mobility. Having the chance to have more independence in transport could be a changing point in their
lives. In Portugal, there are no studies regarding the impact of driverless vehicles in these population
segments, and analyzing its benefits for these people should be an important step to improve acceptance

and adoption, in every age group.

Another way to help ensuring that UAV will be embraced is to promote the usage of shared mobility
services as they are a path to create a smoother and more sustainable form of commuting for the general
population who uses public transport daily. However, it is not easy to change the culture and the mindset
of the people overnight. The younger generations, from 18 to 34 years old tend to use more these
transport modes, because they seem to be more open to trying it, and have not been using a private

vehicle for as long as the older population.

More campaigns should be made to encourage not just young people, but everyone to embrace the
usage of shared mobility services because it would be helpful in many ways such as reducing the
numbers of polluting gases released into our atmosphere, reducing the congestion on roads shortening

travels times and, it is also a pathway to involve people with newer ways of commuting like the UAM.

Informing people, and helping them understand the benefits for the day to day life of using these
services, could be one way of changing how the general population sees their commuting options, and

begin to open up to newer, safer, and more sustainable forms of mobility creating a global change in
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the Portuguese perception of mobility.

Portugal, as a small country in terms of territory, is a pilot for a variety of technologicaldevelopment.
Lisbon could be a proper city to try and implement UAM in Europe since it is a large citywith uneven
terrain, perfect to try out the Air Vehicles, but not too large to require enormous amounts of investments.
Studies should be made on the Lisbon area to pinpoint possible infrastructure sites for vertical landing
and take-off operations, and from there develop a network of operations for the Air VVehicles (VOLTS),
and experiment with this technology in Portugalperception of mobility.
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Annex A — Online Survey

My name 15 Tomas Ferreira and I wounld ke vo invire von to particpate in a survey
designed for my master thesis. Thank vou very much m advance for vour
contribution to this research

Dear parncpant,

The objective of the survey 15 to assess people’s perceptions towards amr velucles and
their ntention to nse them for ther mobility needs.

It chonld take around 15 minmres to complete this guestionnaire. There are no right
of wrong replies, we are interested in vour opinion.

In case of any concerns, please do not hesitate to contact me via emoadl: dmfa@iscre-
1l pe

Thank vou very mnch for your support. Tomss Ferreira

Plra,sr: chick "Next'" to continne.
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https://press.volocopter.com/images/pdf/Volocopter-WhitePaper-1-0.pdf
https://www.ehang.com/app/en/EHang%20White%20Paper%20on%20Urban%20Air%20Mobility%20Systems.pdf
https://www.ehang.com/app/en/EHang%20White%20Paper%20on%20Urban%20Air%20Mobility%20Systems.pdf
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Section A: Trost in Antomation

Amiomartine i= the sschnalogy by which 2 process o procedne = peformed with mimrm e asssmee.

Al Please select the options that best describe vour opimion regarding the
following sentences

i [T
Ak Sevwefl g e ke W e il
TS SRS R p— g Agme A Pl

Ihelieve &t driver asgshnre syshems
are el (e g Fobomatic EmrgEcy

bliing, Hizdspor detectioe, crmise
corol, Lans beeping ammistanoe, £}

T helieve dat dover asssnre syrmms
are kbl & g - Tobomatic

emergeRry
ziing Himdrpor dmscioe. crmise
ooz, lane Ivsepring: amsistamee, o )

1 amn satisfied with the dover
asmsance sysems [ have used (e.g:
‘tlindspot detection ormise ool
lane kysepring: aristamne, o}

Whes o= setomated techeclogy ges
AX Harve you ever nsed a driverless velick? (e.p. car, bos, tram metro)

i

=
w0
ldomtwhmdisis [
A Do knerw vou someons who nsed a driverless vehicle?

w [
% O

Ad Please select the options that best desoribe your experience regarnding

the following sentemces
st

samgh PR —— ey
Dmjs  Dlagess  Dimge  Dasges  Aps Agme agw
a8t cmstocste [ — {1
ot [ L]
tgersste [——F— {11
tise o [ {1
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AS. Please select the options that best describe their experience regarding
the following sentemces

Bk Gemmeid Ages e Jevha S Tidea't
D Dmpes [magess  Dempsm age Agme . know

T T o T S T
S o T W T B, O B
Beccsessrne [0
B st [ {11
SRRS— s T W W W W W

Section B: Adopdon of a new technolosy

El. Brgarding the adoption of a mew technolosy, which adopter category
represents yon?

Ensumsgor - Thess aoe people who wisl 1o be the find 1o iy the imowation. They sre venferssome and
interenind in new s, Thees propie ws vy willisg o ke vk, and ars ofizn the liest b develop now des
Early Adepier - Theee wee poople who reprosen opiros leaders. They sxjey keadership rolon, and embrace change:

opirieniio, Thoy sz abrshy s of e need e changs w0 are vory comfonsble slopsing new ides
Thox s, they typically need to see evidence that the Inovation woedes hefiors they are willing to adope it
Late Mz jority - These people are skeptical of change, and will omly adopt an fneesation after it has been

Laggan - These people are bomad by tadifion and very cmserative. They are very sheptical of change.

CHC L

EL Begarding the adoption of a mew shared maohility innevations. whick
adopter catepory Tepresents vou?

Tusy Fary L " rir
Y T T TR P R—"

Bide-biling secvices (g Uhec Bobossy [ — — — —{ |

Car-sbacing semvices (e Delom cadmeey [ — — — Mo |
Capoctng enices (ep BeBCur ey [ 1 ]
Momoryele-sharisg seavices (. #Codm, e ey [ — — o o |
Bicyele-shacing senvices (e g, Gimee) [ — — — - |
Scocter-sbasing services (e.f Lime, Beex) [ — F— o o |

E3. How much satisfied are von with the following shared mobibiry
services?
[r——

i e
Teadty [ Tl i
aafer Dl [amidhd el kel Gdefel  Gealed  ow

Bide-boiling services (2.5 Uber, Bolr,
i)
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e

el £

Tadty [ SR Tl e

Dasaier Dasifed el Cmaiel  elled  dsiel  Gdalel
Car-sharing services (2.7 Divel¥ion,
Grgm, i)

Carpockeg services ez BlalaCar, I:l I:l I:l I:l D I:l I:l I:l
£ic. )
eCochia, Acciona, e )

Gim, i)
Soooter-sharm g services (e p Lims,

E

Hive, =i
E4. Om average, how fremgmently do von mee shared mobibity services?
Miner than oece a weelr
Qe o wesl
Erery twn weeks
Onre 3 mosth

Every coople of monss
I ey e these services
E=. For which porposes do vom e shared mobibity services?
For dxihy trips fmmifto wode or college
For leisors activities
Bor social activities

B&. Do vou kmow what am Antomomens Adr Vebocle 157
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(LRI
Section C: Air Vebicles

Let me Imtmdnce pon to 2 new tmesport mode: Antonomees Adr Vielicles, These vebricles will fiy above the cifies. Bellow yon
an fizd 2 shoet desoription of this new 2ir mobility concept | Soror Afri)

Mering with Adr Vibacles mears that
o peserve your Air Vebicls wia smactphons app
Yion cam use it whemener pon pequine the serioe
Yorm can pick-up a vehicle and drop-off fromto 2 zeary Iocatios.
Yiom el ata speed that is 3 fimes higher thon the speed of comventional mad cars
¥om can v the exfine Adr Velricls for yourssH o for poor trovel groep (max. 4 passen gers)

The Adr Vehicle & folly electric and bas 3 mege of 50 dlomesters
Section D Expecred Benefirs

Dl Based om this information, please select how mnch yom apres with the
following statements that express the expected benefits of
introdudng this new ransport mode in mobility systems

Trnide

Fr— [ S pre—
I (i [mpw D A Agree g

congestios.
‘The wse of Aixr Velocles will redoce accident o2 I:l I:l I:l D I:l I:l I:l
cads
The me of Alx Vebicles will make oy troe] I:l I:l I:l D I:l I:l I:l
time mope prodnctive
tme
The wee of Alr Vebicles oill facilitne the
e N S B
moitimodal nodes soch 25 ports and Tipors.
e e of Adir Viehricles vl redimgnes mooe frme:

o e i ctes | F— L]

i veices vl e v €0 ez [
Adrvebiches will offer 3 safe and fost mean of I:l I:l I:l D I:l I:l I:l
tonsporiation
expedence
Air vabrirle will mole it m3cier for propls wigh

e omrntpegt gl By Oy B B B O |
dimbind people).
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evide

swah T P
I [heagss  Dimpe  Dage Aps Agre g

‘palice 1o move fast i emerpenoy cases
mzk=
Section E: Crber secrine

Crhersecority is the pactics of provecting sysems, setwards, and progamnes from digisl atecs

El. Flease select the options that best desaribe your opimion reparding the
following semtences
fenie

S by Pl Sucanhy
L gy Iagrer [T [E T A g Agm

wheryver T ose the immmes
T concerred that ey daia s lept regbet o

e e ol By B O O O

imemet

Im concermed that ofers cam eep track of mmoy I:l I:l I:l D I:l I:l I:l
lncation
T am conremed that Adr Vehickes will v oy

pencsl o o e g et | F— L]

oy anchori=tios
I am concemed that Air Vebickes will share ooy

pesnualisfotion vith obec et viomt [ - - ]

oy acthoristine
Im concered that someons can ke oozt of D D D D D D D
e Air Vekicle andd camee 3 teomodist attack
Section F: Saferr

FL Flease select the options that best desaribe your opimion regarding the
following semtences
“oride

S by Pl Sucanhy
L gy Iagrer [T [E T A g Agm

I e comrareed with the opacrtion of Air D D D D D D D
Wehriches orer nrban areas fox mbrerhan areas

Imn concermed Zhoot e parformance of Air |:| I:l |:| I:l |:| I:l |:|
Wiekdcles Tmdier poar weather condtiore

T concerned that the first Adr Vebicles

e vl e e gt | — ]

tormes of dhe velicls
T concerned that the fore Aar Valirle:

e o e et e gl neicte. [} ]
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Swwgy Semeie g Bamawiad Swanghy
Dgs g Dags  Dags  Aps MW e
In merdeer fiur et il sxfie, T ool et i

be sl oo mopumtcm g many | — L]
time.

o coner fior me o fieel safe, I'wonld espect 2z

cpecto o ot onte comnt . [ F—{ — L]

the vhrichs 2t oy time
o cunder fior me o fieed safe, Iwonld exgpect an

epecto on st s o e comnd [ F—{ ]

e vebicle 1w case of emerpency.
Section G Intention to nse an Air Vehicle

Gl. Takimg all of this inte acoonnt, which growp do yom think yon belong
when adopting Air Vehicles for your mobilicy?
Enservator - Thess aoc poople who wisl 1o Be the ficd 1o dry the imowmatios. They are venlecesome and
inferesied in new idesn. Thess people aoe very willing o take risks, and are ofien the lirnl bo develop now e

Fachy Adimster - Thae s pruple whe rezrmen upiees leades Thes o= oy ludendiip rdme asl snlrace Shage
spprrtanie. They e bzl swwses of the need o chugs sl w0 .we vy sumlersble alesticg new ides

T snd, they typically need to see evidence that the novaton wods before they are willing to adopt it
Ltz Majority - These people are skeptiral of chazge, and will anly adopt an ineovation afer it has hee
tied by the majocs
amd are the kardest growp to heing oo boand
Hl never adopt this tmmsport mods
G2 Imagine that we are in 20M and you kave to travel 30lom (ex.: Simira
to Lishon in Portngal Eifiss to Glyfada in Greece, Bonn to Cologne
in Geormamy, Paris centre to Paris Ooly airport in Framce ).
Conzidering the following characteristics, which mode of transpart
wounld you choose?

OO

Shmml
Adr mashiiry
Vehick -

Air Vekicles - 17 mimmes (door-to-doar) with 2 price of 25€ | Shared mobiliry services - 30 D_D
Tmimmies { dooar-to-door) with a2 price of 21€
3. Flease select the options that best desaribe your opimion reparding the
following sentences

sing an Air Vekicls

from nsizg an Air Velicls
i Viskirls
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ol

e
umgpen agger mp [T prm Agrme Agm
S I o S S S
I S i i S S

Tops o social activities

Trige: 7o heabthe aee services (g Hospealsy

(H
CH

Section H: Pablic embracement

As @ cifizen (ot evessacly a5 an oen please chocoee the azswer th ST be FORT accepance wwasds this 2w mear of
Ensporaton

Hil. As 3 diizen (mot necessarily a nser | please choose the answer that
smits hest your acceptames towards this mevw mean of transpertation:

Adr Vielickes are an accepaible means of
tmspt

Adr Vekicles will inrrease the qmality of e =
the cities that offer this toecport mode:

Air Viekieles il irprove saspant acoesghibny
for all citizers

Tam conramed that ghe Air Vebicles oill
Tbeonme 2 tramsport mnde anby for the fek

I vt frel comfoiable Eving in a oty that
adiopts this tmmepart mods:

I am comcemmed dhat Adr Vebicles will morease
vizmal pollrios

I am oomcerned dhat Adr Viebricles will mepsase
zoize pollugios.

Adr Viehricles w7l be benefirl for the socieny

Air Velkacles will be disky %o the paklic

Mg with Adr Viebriches will be a5 sfe 25 with
aplames

HE:. Adr Vehicles chonld be mee to:

‘Tzsfer peopie fromito work or school
Torser peopls for leisone

vt
Fr— e P
Inmgsn  [hewgwss g Dage A Agre sgm
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-, —— gt ekt -

Bimges  Disges Dimges  Diagsa . Agrea Aga
Timzsfer people fmmito healthcare seraces
(g Hiogpatalsy

Tomsir e wpecgle [ — L1
Rerspond to emergency cases (e gambulances, I:l I:l I:l D I:l I:l I:l
palice mmits, #ic.)

H3. Adr Vehicles make me feel .

onide
Samgh Semwla:  Agew e memreial Samgh
Dnmgree (magres Dmpm Deeges Agrm Ay Amm

sweaed [ ]
s {3 +{+0
oo [P A ]
comticste [ F— ]
e e B e B By B e B e
H4. In the list bellow vom can find some nsnal soands that we hear on onr

daily lives. Ploase rank the sounds on the right, being the first ome
the most annoying and lost ane the least annoying
By restnam

Eessway mffic |_|_|
Carbom |_|_|
Baby coi=g |_|_|
Vazroms clema |_|_|
Section I: Mobikity Behaviour and Well-beine

I O average. how long do vou spend per day on vour daily twips
fromfto wark or college?

Ly than 15 rmimmies

4560 primmtes
Orr | hownr

2
E
EENENENEE

|
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2. Do you walk in your daily trips from/to work or college?
Ko D
Vs, alomgwith athar megns of tonsportatine.

Ve, oy ooty congss of walizg exchsvely I__Ll
. Do you have a public tansport monthly pass?
]
O

I4 In your daily trips fromfto work or college, how many means of
Tansportation do yon nse T

5. Which mean of transpartation do yom nse in your dadly trips fromfto
work or college?

Shared-mohility icyles (.. Fomp)

COter

CH I PR

Ib. What means of Tamsportation do you use in vour daily trips fromto

work or college?
| -
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B =i

HMMME

JAdO0oooooogdgd

I How much satisfied are von with vour...

e
Totatty e e L Tocatty
[eminle) [Basade] [fescded Comssied  Sesfied  Gdafm el

pgmtvekacls [ - F{ {1

Tege e sciviies [ {1

Tepr et actrtes [ {1 L]

Teips o bealtbeae senvizes eg Hogpsly [ — o {1 H{ 1]
Section J: Drivine Behaviour

Ji. Do you have a driver's Hoemse?

[ |
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2 Do you coorently own or kease a vebicle?
v [
Ko

I3 How often do you drive or nse a vebicle?

Ct

Ereeryday
Cople of fimes a week
Cizce sy ton weeks
Once a mosth

Erery comple of monss
Tdont e

J4 Do you have free parking near your home?

I5 Do vom have free parking at vour work/college?

O O OO

T Flease select the options that best desoribe your opimion regarding the
following sentences
et

s o T pr—

D [agss  Dmps  Dugs Aps Agm Ags
I prefier ot 1o hawe the mecponsibitty of driving
I el safimr drrving rosedf crther than others
drivingme

Ly deve conemibegpeedliot [ - HH H{ |
EmirEmens

T comsider mrysedf minre 25 3 defresioe dover D D D D D D D
tham am aypreshe one

Conpaning o other tansport mades, 1 feel safer
inacar

I dont drive whenser I demk alcohol

J7. As a driver, have you ever been involved in a car aash?

=]

=

[
= [

[ |
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T5.  What was the severiry level?
o injeries |:|
Minrinjies [

Mo ingies [

Section K: Environmental Concerns

El. Please select the options that best desaribe vour opinion reparding the
following setences
pa—. St mankar —
Damgs  Dlagess  Dimge  Dasges  aps T age

vl L am e sbon gt sasming. [ — — — — L]
Im capatie of chomging ey hehavioer hased o

I amn wrilling o spend 2 it more i oz |:| I:l |:| |:| |:| I:l |:|

Tt is accepiahle for ax indostrial society sach as |:| I:l |:| |:| |:| I:l |:|
O o Camee some polhtions

When I choose a mode of tansport T am. I:l I:l I:l D I:l I:l I:l
conscions ahont my C02 emistome

Section L: Demographics

L1. What is your gendex?

¥
i
g
Lt

L2 What age range do vou fitin?

[}
B
CH PR

[ |
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L3 Do you have children?
Yes
Ko

L4 What is your sducational backgronnd |incduding ongoing sducation)?
Schocl wiont gradmtion.

Prmary or sscundary schodl

§
i

Appresticehip with padmtion

|
{

PO L

]
g f

Prefier notio sy

L5 What is your honsehold met monthly income in Eures (romghlyi?
Picase include ail pes of income, including menthly wage, salary,
incomye from self-imploymeni, pension, child allswance, housing bene fir
ar social assistamce, and other income after deducting faxves and social
security confributions for all houschold members.

Tpta 500

500 o legs thaz 1000E
100 20 liss thom 2000
20004 o hess tham 3000€
000 10 less tham 4000€
000t e tham 5000
GO0 to lews tham TO00E
Melure thom TO00E

Prefier notto @y

[
O

O

"
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L. What is your corrent employment Smation?
Erzploved - Foll time
Emmpilorped - Part timee {11 fo less thae 35hoorsteesk;

Appremicectiy

Prpil inchuing pee-scioal)

Stnden vy or colege)

Temporary leave (e g matemity leave, patersity keave)

Hisene or hoosstmsbasd

CHF{ P RO

=

LT. In which conmiry do vou Hve?

OO OO
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Dhited Acsh Bricates [:|
Uiioed s

Tizthed Staies of Amerca

X

| E
O OO R

L&, How wonld you describe the place you Eve in?
Mgty {2 city with over 10 million babasmis)

City with over | miltine z=d les than 10 meilfion habitees

Cityy with lass than 1 zilfion haksiters

Small oz

Villige

Bemoe Incation (ommetry Sde)

L&, Wonld von like to comment on this goestoemaire? Please leave ns
sugpertons here.

[ |
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IR R
Thank von very much. Your contmbuton will be exirensely valuable to this stmdy!

K von have any gquestions or wounld like to get informed abouat the final results of ths
project. please feel free to contact me throngh emmal: thods @1scre-nl pe
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d Ward Method Cluster

IS an

| Components Analys

incipa

Annex B - Pr

PCA Analysis

Corrolation Matrix

Correlation Matrix

Fublic Fublic
concems- | concems - |
am am Fublic
Public Public concemed concemei smbracemant Public Public Public Public
smbracemeant  embracement that Al that Ai Public - Moving with — embracement Public embracement  embracemant Public Public Public concems- |
-AirVehicles - ArVehicles  Vehicles wi Vehicles wi concerns- Air - Airvehicles -Transfer smbracemant - Transfer - Transfer embracement  embracement  concems-Air - wouldntfeel
willincrease  will improve increase increase Vehicles wi will be as people fram - Transfer people for people fram - Transfer -Respondto  Vehicles wi comfortakle
the quality of transport visual noise be beneficial safe aswith to work or people for social to healthcare goods to emergency beriskytothe  livinginacity
accessibility pollution pollution for the society airplanes school leisure activities senices people cases public that adopts
Comelation  Public embracement- Air 1,000 627 - 254 - 166 632 383 406 400 430 332 s 332 -,388 - 446
quality of life
Public embracement - Air 627 1,000 -183 -138 86 339 375 35 379 235 254 218 - 237 -, 268
transport accessihility
Public concemns - 1 am 1,000 G661 -,298 -132 - 155 =137 -138 -,068 -039 -044 353 382
concerned that Ai
Wehicles will increase
visual pollution
Public concerns - 1am -,166 -138 661 1,000 -,220 -,108 - 163 - 163 -1582 -,058 020 -019 381 259
concerned that Air
Vehicles will increase
noise pollution
Public concerns - 632 486 -,298 -220 1,000 408 429 461 47 T4 367 375 - 346 -397
Wehicles will be beneficial
forthe society
Public embracement - 383 339 -132 - 106 JAoe 1,000 394 A9 333 60 149 154 -,303 -215
Moving with Air Vehicles
will be as safe as with
airplanes
Public embracement - 406 375 A28 394 1,000 601 630 144 (367 60 -,251 -,255
Transfer people from to
work or school
Public embracement - 400 ik A1 319 601 1,000 881 257 458 230 -278 -,248
Transfer people for
leisure
Public embracement - 430 379 -138 152 A7 333 630 881 1,000 1255 486 236 -266 -279
Transfer people for social
activities
Public embracement - 332 235 -,068 -,059 374 160 44 257 255 1,000 216 684 -,202 - 188
Transfer people fram to
healthcare senices
Public embracement - ik 254 -,039 020 367 149 367 458 486 216 1,000 273 - 130 -184
Transfer goods to people
Public embracement - 332 218 -,044 -019 375 154 60 230 236 684 273 1,000 - 163 -223
Respondto emergency
cases
Public concerns - Air 353 381 -346 -,303 -251 - 276 - 266 -,202 -130 - 163 1,000 548
Wehicles will be risky to
the public
Public concerns - | 382 \259 -,387 -215 -,255 -,249 -279 -199 - 184 -223 548 1,000

wouldnt feel comfortable
living in a city that adopts
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KMO and Bartlett’s test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. ,819
Bartlett's Test of Sphericity Approx. Chi-Square 3113,427
df 91
Sig. ,000

Total Variance Explained

Extraction Sums of Squared Rotation Sums of Squared
Initial Eigenvalues Loadings Loadings

Compon % of Cumulati % of Cumulati % of Cumulativ
ent Total Variance ve % Total  Variance ve % Total Variance e %
1 5,078 36,268 36,268 5,078 36,268 36,268 2,771 19,792 19,792
2 1,855 13,251 49,520 1,855 13,251 49,520 2,328 16,626 36,417
S 1,459 10,424 59,943 1,459 10,424 59,943 1,841 13,151 49,568
4 1,051 7,504 67,448 1,051 7,504 67,448 1,735 12,395 61,964
5 ,828 5,912 73,360 ,828 5,912 73,360 1,595 11,396 73,360
6 ,785 5,608 78,968
7 ,596 4,257 83,224
8 ,485 3,467 86,691
9 451 3,219 89,911
10 401 2,864 92,775
11 ,307 2,195 94,970
12 ,306 2,182 97,152
13 ,285 2,035 99,187
14 , 114 ,813 100,000
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Embracing UAM as a new mean for daily commuting

Ward Method Cluster solutions

Ward Method

Cumulative
Frequency Percent Valid Percent Percent
Valid 1 84 17,3 17,3 17,3
2 71 14,6 14,6 32,0
8 66 13,6 13,6 45,6
4 101 20,8 20,8 66,4
5 30 6,2 6,2 72,6
6 95 19,6 19,6 92,2
7 38 7.8 7,8 100,0
Total 485 100,0 100,0
Ward Method
Cumulative
Frequency Percent Valid Percent Percent
Valid 1 122 25,2 25,2 25,2
2 71 14,6 14,6 39,8
3 66 13,6 13,6 53,4
4 101 20,8 20,8 74,2
5 30 6,2 6,2 80,4
6 95 19,6 19,6 100,0
Total 485 100,0 100,0
legend
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Ward Method

Cumulative
Frequency Percent Valid Percent Percent
Valid 1 122 25,2 25,2 25,2
2 71 14,6 14,6 39,8
3 96 19,8 19,8 59,6
4 101 20,8 20,8 80,4
5 95 19,6 19,6 100,0
Total 485 100,0 100,0
Ward Method
Cumulative
Frequency Percent Valid Percent Percent
valid 1 193 39,8 39,8 39,8
2 96 19,8 19,8 59,6
8 101 20,8 20,8 80,4
4 95 19,6 19,6 100,0
Total 485 100,0 100,0
Ward Method
Cumulative
Frequency Percent Valid Percent Percent
Valid 1 289 59,6 59,6 59,6
2 101 20,8 20,8 80,4
& 95 19,6 19,6 100,0
Total 485 100,0 100,0
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Annex C — Mobility Habits per Cluster and Age

Cluster

Mobility technologies embracement- On average how frenquently do you

use
More than Every | rarely use
once a Once a Every two Once a couple of these
week week weeks month months services Total
Cluster Number of 1 6.9% 8.0% 3.4% 14.9% 9.2% 57.5% 100.0
Case %
2 5.6% 8.4% 16.8% 25.2% 8.4% 35.5% 100.0
%
3 11.8% 11.8% 13.2% 16.2% 8.8% 38.2% 100.0
%
4 4.8% 12.0% 16.9% 16.9% 8.4% 41.0% 100.0
%
5 8.2% 8.2% 15.1% 24.7% 6.8% 37.0% 100.0
%
6 3.0% 9.0% 10.4% 10.4% 17.9% 49.3% 100.0
%
Total 6.6% 9.5% 12.8% 18.6% 9.7% 42.9% 100.0
%
Satisfaction with different Mobility Options
Car sharing
Mobility technologies embracement - Car sharing services
Neither Never
Somewha satisfied used it/
t nor Not
Dissatisfi dissatisfie ~dissatisfie Somewha Satisfi ~ Totally  available
ed d d t satisfied ed satisfied inmycity Total
Cluster Number 1 1.1% 1.1% 6.9% 6.9% 19.5% 4.6% 59.8% 100.0
of Case %
2 2.8% 9.3% 7.5% 16.8% 5.6% 57.9% 100.0
%
3 1.5% 10.3% 8.8% 14.7% 5.9% 58.8% 100.0

%
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4 1.2% 15.7% 84% 7.2% 2.4% 65.1% 100.0
%
5 1.4% 15.1% 8.2% 13.7% 4.1% 57.5% 100.0
%
6 1.5% 4.5% 6.0% 9.0% 10.4% 4.5% 64.2% 100.0
%
Total 0.4% 2.1% 10.5% 8.0% 14.0% 4.5% 60.4% 100.0
%
Mobility technologies embracement - Carpooling services Total
Never
Carpoo“ng Neither used it/
Services Somewh  satisfied Not
at nor Somewh available
Totally Dissatis = dissatisfi dissatisfi at Satisf  Totally in my
dissatisfied fied ed ed satisfied ied  satisfied city
Cluster Number 1.1% 12.6% 3.4% 115 4.6% 66.7% 100.0
of Case % %
0.9% 0.9% 2.8% 8.4% 28% 103 0.9% 72.9% 100.0
% %
13.2% 8.8% 5.9% 7.4% 64.7% 100.0
%
15.7% 3.6% 12.0 2.4% 66.3% 100.0
% %
2.7% 20.5% 1.4% 5.5% 69.9% 100.0
%
4.5% 7.5% 7.5% 104 1.5% 68.7% 100.0
% %
Total 0.2% 0.2% 1.9% 12.8% 4.3% 9.5% 2.7% 68.5% 100.0
%
Motorcycle sharing
Mobility technologies embracement - Motorcycle sharing services
Neither Never
Somewha satisfied used it/
Totally t nor Not
dissatisfie ~dissatisfie ~dissatisfie Somewha Satisfi ~ Totally  available
d d d t satisfied ed satisfied inmy city Total
Cluster Number 1 1.1% 10.3% 3.4% 14.9% 8.0% 62.1% 100.0

of Case

%
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1.9% 0.9% 6.5% 5.6% 15.0% 3.7% 66.4% 100.0
%
1.5% 10.3% 1.5% 13.2% 8.8% 64.7% 100.0
%
12.0% 2.4% 12.0% 6.0% 67.5% 100.0
%
13.7% 12.3% 6.8% 4.1% 63.0% 100.0
%
9.0% 13.4% 7.5% 4.5% 65.7% 100.0
%
Total 0.4% 0.6% 10.1% 6.2% 12.0% 5.8% 64.9% 100.0
%
Bicycle sharing
Mobility technologies embracement - Bicycle sharing services

Neither Never

Somewh = satisfied used it/

Totally at nor Somewh Not

dissatisfi Dissatis dissatisfi dissatisfi at Satisf  Totally  available
ed fied ed ed satisfied ied = satisfied inmy city Total
Cluster Number 1 1.1% 5.7% 8.0% 25.3 5.7% 54.0% 100.0
of Case % %
2 0.9% 0.9% 1.9% 2.8% 7.5% 29.9 9.3% 46.7% 100.0
% %
8 1.5% 7.4% 74% 221 10.3% 51.5% 100.0
% %
4 2.4% 8.4% 7.2% 253 9.6% 47.0% 100.0
% %
5 1.4% 2.7% 12.3% 9.6% 19.2 1.4% 53.4% 100.0
% %
6 1.5% 11.9% 10.4% 224 4.5% 49.3% 100.0
% %
Total 0.2% 0.6% 1.6% 7.6% 8.2% 245 7.0% 50.1% 100.0

%

%
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Scooter sharing

Mobility technologies embracement - Scooter sharing services Total

Never

Neither used it /

Somewh satisfied Not
Totally at nor Somewh availabl
dissatisfi Dissati  dissatisfi dissatisfi at Satisf  Totally ~ ein my
ed sfied ed ed satisfied ied satisfied city

Cluster Number 1 1.1% 4.6% 9.2% 26.4 5.7% 52.9% 100.0
of Case % %
2 0.9% 3.7% 4.7% 6.5% 21.5 5.6% 57.0% 100.0
% %
3 1.5% 1.5% 10.3% 8.8% 22.1 10.3% 45.6% 100.0
% %
4 2.4% 2.4% 8.4% 10.8% 26.5 4.8% 44.6% 100.0
% %
5 1.4% 6.8% 12.3% 8.2% 12.3 4.1% 54.8% 100.0
% %
6 3.0% 1.5% 10.4% 9.0% 164 1.5% 58.2% 100.0
% %
Total 0.2% 1.4% 2.7% 8.0% 8.7% 21.2 5.4% 52.4% 100.0
% %

Age Group
Mobility technologies embracement- On average how frenquently do you use
More than Every | rarely use
once a Once a Every two Once a couple of these
week week weeks month months services
Socio-demographics 18 to 24 7.0% 12.5% 14.1% 25.0% 7.8% 33.6%
What age range do 25 to 34 8.5% 14.6% 20.0% 18.5% 6.9% 31.5%
you fit in? 35to 44 9.2% 2.6% 7.9% 21.1% 10.5% 48.7%
4510 54 2.7% 6.7% 14.7% 12.0% 12.0% 52.0%
55 to 64 4.3% 5.7% 1.4% 10.0% 15.7% 62.9%
65 or 33.3% 66.7%
older
Total 6.6% 9.5% 12.8% 18.6% 9.7% 42.9%
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Adoption of UAV by Cluster

Adoption UAVs

Laggard Late Early Early Innovator
s Majority Majority Adopters S Total
Cluster 1 8.0% 34.5% 26.4% 16.1%  14.9% 100.0%
Number of 4.7% 32.7% 35.5% 19.6% 7.5% 100.0%
Case 3 2.9% 17.6% 30.9% 35.3%  13.2% 100.0%
4 9.6% 32.5% 39.8% 10.8% 7.2% 100.0%
5 20.5% 35.6% 23.3% 12.3% 8.2% 100.0%
6 14.9% 28.4% 37.3% 11.9% 7.5% 100.0%
Total 9.7% 30.7% 32.4% 17.5% 9.7% 100.0%
Annex D — Cluster distribution by age group
Socio-demographics - What age range do you fit in Total
25to 35to 45 to 55 to 65 or
18t0 24 34 44 54 64 older
Cluster Number of 1 195% 25.3% 14.9% 12.6% 25.3% 2.3% 100.0%
Case 2 29.9% 29.9% 14.0% 18.7% = 7.5% 100.0%
3 19.1% 16.2% 19.1% 19.1% 25.0% 1.5% 100.0%
4 36.1% 28.9% 10.8%  9.6% 12.0% 2.4% 100.0%
5 30.1% 24.7% 16.4% 19.2%  8.2% 1.4% 100.0%
6 20.9% 34.3% 20.9% 13.4% 10.4% 100.0%
Total 26.4% 26.8% 15.7% 155% 14.4% 1.2% 100.0%
Annex E — Cluster Socio-Demographic information
Gender distribution by Cluster group
Socio-demographics - What is your
gender
Female Male Total
Cluster Number of Case 1 46.0% 54.0% 100.0%
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2 50.5% 49.5% 100.0%
3 27.9% 72.1% 100.0%
4 45.8% 54.2% 100.0%
5 37.0% 63.0% 100.0%
6 43.3% 56.7% 100.0%
Total 42.7% 57.3% 100.0%
Monthly Income levels by Cluster group
Socio-demographics - What is your household net monthly income Total

500€  1000€ 2000€ 3000€ 4000€ 6000€
toless toless toless toless toless toless More @ Prefer
Upto than than than than than than than not to
500€ 1000€ 2000€ 3000€ 4000€ 5000€ 7000€ 7000€ say

Cluster 1 1.1% 13.8% 19.5% 27.6% 16.1% 6.9% 3.4% 11.5% 100.0
Number of %
Case 2 0.9% 13.1% 17.8% 28.0% 13.1% 9.3% 0.9% 2.8% 14.0% 100.0

%

3 15% 8.8% 25.0% 16.2% 20.6% 17.6% 4.4% 15% 4.4% 100.0
%

4 3.6% 9.6% 21.7% 193% 10.8% 13.3% 4.8% 12% 15.7% 100.0
%

5 14% 9.6% 205% 26.0% 11.0% 82% 6.8% 6.8% 9.6% 100.0
%

6 1.5% 6.0% 37.3% 29.9% 104% 3.0% 1.5% 10.4% 100.0
%

Total 1.6% 10.5% 22.9% 24.7% 13.6% 9.7% 35% 21% 11.3% 100.0
%

Category of Adoption of UAVs by Cluster group
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Adoption UAVs

Late Early Early Innovator
Laggards Majority Majority Adopters s Total
Cluster Number of 1 8.0% 34.5% 26.4% 16.1% 14.9% 100.0%
Case 2 4.7% 32.7% 35.5% 19.6% 7.5% 100.0%
8 2.9% 17.6% 30.9% 35.3% 13.2%  100.0%
4 9.6% 32.5% 39.8% 10.8% 7.2% 100.0%
5 20.5% 35.6% 23.3% 12.3% 8.2% 100.0%
6 14.9% 28.4% 37.3% 11.9% 7.5% 100.0%
Total 9.7% 30.7% 32.4% 17.5% 9.7% 100.0%
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