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Abstract: Technological advances revolutionize industrial processes, science, communications,
and our way of life. However, developed societies have reached a stage in which the fascination
with technological innovations often results in their indiscriminate consumption. In this paper,
road traffic is used as a line of argument to demonstrate that the random introduction of technology
does not imply benefits to society. Particularly, it is analyzed why some of the potential benefits
of technological progress are lost in fields such as traffic monitoring, data handling, and traffic
management, or in sustainable mobility initiatives, such as the introduction of electric vehicles or
the implementation vehicle sharing projects. The risks faced in the future advent of autonomous
vehicles are also discussed, and ideas for improvement suggested. A critical reflection on other
transportation modes that are expected to be realized in the near future is included as well.
The performed analysis evidences that the potential improvement in personal mobility will not
become a reality if it exclusively relies on the latest technological devices, in line with consumers’
fantasies or economic interests. This is a statement that could be generalized to many other fields.
The implementation/consumption of a particular technology should not be an objective in itself,
but a tool to bring benefits to society.

Keywords: future personal mobility; sustainable mobility; society-oriented mobility; technological
advances; technology overconsumption; trade-off analysis

1. Introduction

The Mars Climate Orbiter disintegrated in 1999 after its trajectory passed too close to Mars’
atmosphere. The error in the trajectory was due to the misuse of non-SI units in the part of the software
that guided the robotic space probe [1]. More recently, in 2016, the driver of a Tesla Model S died in
Florida (USA) after crashing into a truck. The Autopilot sensors of the car failed to distinguish a white
tractor-trailer crossing the highway against the bright white sky. Another driver of a Tesla Model X
driving in Autopilot mode died in 2018 when the vehicle crashed into a concrete lane divider on a
Californian freeway (USA) without any apparent reason; no pre-crash braking, and no evasive steering
movement was detected immediately before the collision. However, the driver had received visual and
audible hands-on warnings, and his hands had been detected on the wheel 1 min before the accident.
Some days before in Arizona (USA), a self-driving car property of Uber ran over a woman who had
suddenly attempted to cross the road just in front of it. The investigation concluded that the vehicle
detected her, but classified her as a “false positive”, as if she were, for example, a plastic bag.

Technological advances are a powerful and necessary tool for social development. The high level
of scientific investigation all over the world makes it possible for new inventions, gadgets, and software
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to come to light every day. Moreover, those with a disruptive potential can even change the rules of
society, people’s behavior, and, ultimately, the way people perceive life [2]. Nevertheless, there is a
tendency to consider technology as the final objective, preventing some of the social benefits from
materializing. This is not only a problem of individuals being addicted to technology, but also of
companies and administrations randomly consuming and implementing it. The above-mentioned
incidents are, admittedly, extreme examples. However, they are used to draw attention towards
one fact: we cannot simply focus on the allure of technology; we must work to make the most of
its potential, developing the adequate context for its proper usage. Additionally, it is necessary to
maintain a comprehensive standpoint of the social purposes of its application. Usually, this has little to
do with the technology itself, but with the fundamental knowledge of their field of application. This is
not an easy task, considering the growing tendency to accept technological advances thoughtlessly.
In this regard, advertising, sci-fi books and films have had much influence. The close link among
fiction, technology, and innovation is indisputable [3]. Economic interests also play a key role, and the
trained incapacity of consumers is by far the best of the consumer-goods suppliers” weapons [4].
The population is easily attracted by innovative products, and encouraged by the marketing strategies
of private companies. Additionally, people tend to link technology consumption and ownership to a
higher social status, and governments relate it to power and modernity.

Mobility is an important target field of technological advances, and, thus, a perfect candidate for
their overconsumption. Nevertheless, from a positive point of view, mobility has continuously evolved
under the influence of key industrial revolutions: the railway industry arose from the invention
of the steam-powered engine, the automobile industry and popularization emerged from the birth
of mass production, and Information and Communications Technology (ICT) allowed for the first
steps of technology-supported travel (Bluetooth, GPS, etc.). Today, we are immersed in the so-called
fourth industrial revolution, in which automobile and technology industries walk hand in hand [5].
In fact, the technological progress made by all sectors in the field of personal mobility during the
last decade has been enormous. Road mobility is a clear example, with new traffic monitoring
and information devices, vehicle sharing projects, electric vehicles, and cooperative or autonomous
driving as the main innovations. However, congestion is still growing, and accident rates are still
unsustainable. For example, an average driver in Los Angeles spent 102 peak hours in bottlenecks
in 2017 [6]. The truth is that technological innovation has not had a significant impact on congestion
reduction. Nevertheless, technology consumption is not a problem itself. On the contrary, it can
be very beneficial if society finds the way to make the most of it. This requires a comprehensive
reflection on the social goals to achieve and a deep understanding of the application field before
undertaking any technological implementation. Regarding transportation and personal mobility,
there exist well-founded transportation engineering principles that are aimed at reaching a sustainable
system, which must prevail over any other interest.

Using road transport as a particular case study, this paper aims at warning against the danger
of ignoring social needs, ethics, theoretical principles, and trade-off analyses when introducing new
technologies into any relevant field for society. To that end, the pros and cons of various transport
systems with high technological content are analyzed in a simple fashion. Some of them are currently
used, while others are still under development (see Figure 1). The paper fills an existing gap in the
literature, as it combines the results of engineering and social sciences research in the analysis, avoiding
myopic approaches. The primary goal of the paper is to encourage researchers, administrations,
and private companies in the transportation sector to accompany any technological advance with
a comprehensive scientific research strategy that aims at the usage of technology to truly achieve
an efficient, safe, inclusive, and environmentally friendly road mobility in the future. Additionally,
the authors prompt traffic administrations to plan and implement technological innovations efficiently,
based on their social benefit-to-cost ratio.
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Figure 1. Technology: A necessary but not sufficient condition for future personal mobility.
2. Scope and Methodology

Research papers, including literature reviews, are usually written from the perspective of a
single science field. However, any topic of interest can be addressed from a variety of points of view,
and considerations from several standpoints enrich the discussion. Related to urban mobility, take as
an example the research on the introduction of a tramway as a new mode of transportation in
a particular city. Engineering papers would mainly focus on the demand, design, construction,
and management of the system; papers coming from the social sciences fields would analyze people’s
acceptability of the new transportation mode, user preferences, and/or possible behavioral impacts;
and economists would assess the economic feasibility of the new infrastructure and its consequences
and impacts on the cities” economy. It is easy to realize that these three perspectives are highly related.
For instance, the demand of this hypothetical tramway would depend on people’s willingness to use
it, and this should affect the design and management of the system in order to make it economically
affordable. Many other interactions may exist. This simple example supports the idea that, at least,
some cross-field reflections would be advisable in any scientific study. However, it is unavoidable that a
narrow scope prevails when the topic faced is very specific. For example, when designing an algorithm
to dynamically modify the initial routes of our tramway in the case of unexpected situations (e.g.,
incidents). In this context, the added value of the present paper is given by its singularity and broad
scope when addressing the relationship between technology and personal mobility, as it combines
engineering, social sciences, economic, and environmental principles to assess current and future
transportation modes. Such a broad perspective avoids very detailed analyses of the topics addressed.
However, this is not necessary to achieve the final goal of the paper, which additionally tries to define
an adequate framework from where to build on more specific research.

The introduction of technology under efficient and sustainable principles (i.e., broadly speaking
this is environmentally friendly, functional, equitable, inclusive, and economically efficient) is an
ambitious objective. Many stakeholders must collaborate to achieve this final goal, ranging from
academics to practitioners, from the administration to private companies ... and at the end of the day,
the objective will only be fulfilled with the implication of the whole society. This is the reason why this
paper is intended for a broad audience interested in personal mobility and beyond, as the underlying
message is relevant for any sector with societal implications.

The selection of the particular topics and case studies that are discussed in the paper results from
the authors’ interests and expertise and follows the guidelines provided in [7]. In addition, special
attention has been paid to select topics with wide impacts on society and with easily interpretable
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fundamental concepts, so that the main points discussed can be easily understood even by non-experts
in the field.

Three main sources of information have been used to discuss the selected topics: (i) the existing
literature; (ii) information gathered from in-situ visits to top research centers in the field; and (iii)
information extracted from the participation of researchers in seminars, interviews, and round tables.
Efforts have been devoted to analyze indexed journal papers on the topics covered. To that end, high
impact journals were chosen, according to the JCR - Journal Citation Reports and SJR - Scientific
Journal Rankings. Then, a Boolean search based on relevant keywords for each subject (see the present
paper keywords) was performed. Taking into account the rapid evolution of technology and mobility,
papers published from 2010 onwards were consulted first. Notwithstanding, previous research with a
relevant impact on the field has also been considered. However, for the case of futuristic transportation
modes, no or only a few articles were found. In these cases, informative sources combined with the
expert criteria of the authors were used.

The structure of the remainder of the paper starts with Section 3, which discusses the current
application of technology in personal mobility, highlighting the reasons that prevent us from obtaining
larger benefits. After, in Section 4, the discussion moves to futuristic technologies, which are still under
development, with a much higher level of uncertainty, and with an intense debate about their practical
feasibility. Section 5 includes an assessment of the impacts of the considered technologies and strategies
on the sustainability of personal mobility. This assessment is performed using a multicriteria analysis
(MCA), which follows a hybrid methodology that is based on the Analytic Hierarchy Process (AHP)
and on the Evidential Reasoning (ER) approach. AHP, as defined by Saaty [8,9], is a procedure for
establishing priorities in multicriteria decision-making. Under this framework, the analyzed factors are
compared under different criteria with different weights. These weights are established according to
the hierarchy of their impacts on the final objectives. AHP has been proved to be a powerful tool when
handling both qualitative and quantitative factors [10]. For its part, the ER approach, developed in the
1990s, is being increasingly used to develop MCA. Based on the Dempster-Shafer theory of evidence,
which was first proposed by Dempster [11] and later developed by Shafer [12], it is considered a
generalization of the Bayesian theory of probability that allows us to handle uncertainty, imprecision,
and randomness [13]. The ER approach uses a distributed modelling framework. A belief decision
matrix is constructed to assess different alternatives under different criteria, either qualitatively or
quantitatively (i.e., with numerical scores) and even in contexts where the lack of evidence is noticeable.
Such a matrix provides a coherent framework to make structured and robust decisions by determining
each factor’s relative significance for the final goal. However, the common situation when analyzing
complex phenomena consists in having some empirical data that can be taken as a ground truth,
other data with some uncertainty, and a lack of data regarding several inputs. In such a context,
a hybrid approach in which AHP is first used to assign weights to the multiple criteria, and, second,
ER is introduced to deal with uncertainty by assigning the assessment grades, turns out to be a very
powerful combination. Several examples of its usefulness can be found in [10,14,15]. This hybrid
approach has been used to perform the multicriteria analysis included in Section 5 of this paper
because of (i) the complexity of the analyzed phenomena (i.e., future personal mobility) and (ii) the
uncertainty regarding the assessed alternatives, especially those that are more futuristic. After the
MCA, the present paper ends with the conclusions section, and the reference list.

3. Technology in Today’s Road Mobility: What Fails? Some Examples

The contribution of technology to road mobility is incontestable. Consider, for example, the continuous
evolution of the safety mechanisms that have been introduced into vehicles. However, a poor application of
technology can result in it being useless, or, at least, implies its underutilization. The following sections deal
with some particular cases.
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3.1. Data Management in Road Transportation

The mass consumption of mobile phones, tablets, GPS navigation devices, etc. as well as the
improvement of wireless communications and the introduction of new ICT in the infrastructure have
completely changed the way people plan their driving. For example, drivers can receive (and provide)
information concerning traffic conditions through multiple applications. In the past, drivers made their
decisions intuitively and based on their experience. Today, drivers decide based on assorted and recent
data. However, the question is: how does this improved scenario globally affect traffic conditions?
The answer is that better information has not implied a major improvement of road mobility [6,16].
The English mathematician and transport analyst John Glen Wardrop (1922-1989) explained the reason
for this paradox in his well-known equilibrium principles for traffic assignment. Wardrop’s first
principle states that if drivers have perfect information and chose freely, all used routes between two
particular locations have the same cost (mainly in terms of time). Any other unused route has larger
costs and it is not chosen, as each individual seeks to minimize his own cost. Wardrop [17] proved that
this so-called “User Equilibrium” can be a suboptimal situation where the “selfish” drivers” decisions
imply that no driver can lower his/her cost via unilateral actions or decisions. This individual way of
acting prevents the road system from improving. Consider, for example, several drivers who want to
reach the beach on a Sunday morning coming from the city center. They check their apps and receive
more or less the same information: way A is the shortest and safest. Of course, they take it. In the
middle of the trip, they receive a warning regarding an accident that had occurred few kilometers
ahead, and the advice to take an alternative route B. Most drivers will change to this route, where
congestion will thus gradually appear. Most apps will then propose a change to route C, which will
subsequently become congested. This simple example shows that the use of information must be
accompanied by some management strategy that is applied by a higher-level control entity.

This alternative approach in the use of information was also outlined by Wardrop [17] in his
second principle. It expounds that there is a situation (the system optimal) in which the average cost
across all users of the network is minimal. To achieve the system optimal situation, some drivers need
to be penalized, and experience costs that are higher than their individual minimum, for the benefit
of the entire system. Control implies cooperation among all drivers in the route assignment, so that
the most efficient performance of the entire system is ensured. Although the idea is logical, it is not
easy to convince users to behave jointly and collaboratively, especially when they could be better
off individually. In everyday situations, humans tend to use their available means (in this case the
information) for selfish rather than altruistic purposes [18]. Thus, the enforcement of control strategies
is needed and the initiative must rely on traffic management centers, which must establish dynamic
management strategies to optimize traffic performance.

In this context, data privacy will become a central issue in the management of traffic data.
Although drivers are aware that many companies (e.g., Google, Inrix) collect their data while travelling,
this information is generally assumed to be treated anonymously and collectively. Nevertheless,
the growing concerns about data privacy will put extra pressure on individual data gathering,
management, and usage. To what extent will drivers accept to share their individual data? For which
purposes? Additionally, what about losing their freedom while driving in a highly controlled network?
Privacy conceptions, as well as compliance with the instructions given, differ according to the age of
drivers and previous knowledge of the objectives [19]. Thus, informative and educational campaigns
should accompany management strategies and will be essential for their success.

Last but not least, information accuracy will even be more important in future scenarios than today,
because it will strongly compromise the performance of the entire system. Accuracy is not only related
to the measurement capabilities of surveillance devices but also to the methodologies used for data
treatment [20,21]. Small details are sometimes overlooked, leading to biased results. Two particular
and common examples of this kind of bad practice affect speeds and travel time information.

Speed is a fundamental parameter for traffic analysis. It is a well-known concept whose general
meaning can be understood by everybody. However, the familiarity of the concept should not lead
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us to overlook the different definitions of speed that are needed in a traffic analysis, and to derive
consistent information: spot speed, instantaneous speed, average speed, free flow speed, etc. In fact,
the undifferentiated use of these terms is not uncommon. Macroscopic analyses, for example, work
with parameters that characterize the global behavior of traffic, aggregating the variables measured
from individual vehicles. Regarding speeds, there are two possible average magnitudes with different
meanings. On the one hand, the space-mean speed, 7s, is the average speed of all vehicles in a
particular stretch of the roadway at a specific instant. On the other hand, the time-mean speed, vy,
is the average speed of all vehicles that pass over a section of a road during a certain time interval.
Time-mean speeds are always larger than or equal to space-mean speeds [17]. Although both are useful,
most problems faced by traffic management centers require space means: they are the ones that relate
flow (g) and density (k) (i.e., by using the fundamental equation of traffic flow), and which allow us to
obtain average travel times. However, the common arithmetic average of individual speeds measured
at a fixed location provides time-mean speeds. Therefore, many traffic studies use these biased time
means as inputs, considering them as equivalent to space means. Consequently, inaccuracies arise
in the subsequent results, for example, in travel time estimation. The problem could be solved by
modifying the roadside controllers of the traffic detectors, so that they compute harmonic averages
instead of arithmetic averages of individual speeds. This simple modification has been disgracefully
unachievable so far. Thus, some researchers have developed mathematical algorithms to estimate
space means from time means (e.g., [22-24]). Although these developments might be very useful for
traffic management and could reduce investments in technology, they have been ignored so far.

The second example affects, precisely, travel time estimation. Travel time is the most valuable
information for drivers in order to plan their trips, and it is a key variable for traffic administrations in
order to evaluate traffic conditions. Today, travel time measurements are available from vehicle tracking
technologies, whether using GPS devices (i.e., the so-called instantaneous measured travel times)
or vehicle reidentification by any other means (e.g., Bluetooth detection, toll tags, automatic image
recognition, or license plate recognition cameras) [25]. This last group of measurement devices leads
to the so-called arrival-based or measured travel times. Usually, the average of these measurements
over a given time interval (i.e., every few minutes) is directly disseminated through mobile apps,
websites, etc. However, it is easy to realize that these measurements correspond to past conditions,
and are not the real-time information that drivers should receive, i.e., short-term predictions [26].
Considering that the travel time between two locations can quickly vary as a result of congestion
onset or dissolution episodes, precisely when information is more valuable, this approach will yield
a result that is completely inaccurate and incapable of supporting future traffic management and
control strategies. Making the averaging period as short as possible, aiming at averaging only the
most recent information, is not a solution. In this case, vehicle samples would be small, and, thus,
measurements would fluctuate and the method would be unreliable. Therefore, this is another clear
example of not achieving the final objectives even using advanced technology. The situation could
even be considered detrimental with respect to the situation without any travel time information,
as, in the technological era, we generally consider the provided information to be an absolute truth.
Only people with globally negative attitudes toward technology or who have had previous bad
experiences tend to be less trusting, regardless of their age [27]. Fortunately, it is possible to predict
travel times: data fusion based on traditional and new technologies stands out as a very advantageous
solution in this regard (e.g., [28,29]).

Future driving scenarios will be characterized by the presence of high-level technology, which will
enable the exchange and treatment of huge amounts of data in real time. However, the need to pay
attention to “small” details, such as those addressed above, will remain. Furthermore, the greater the
volume of data and the number of calculations to perform, the smaller the critical analysis and the
attention paid to fundamental theories. So, it is probable that the problem will be gradually enlarged
and transferred to all steps, from the planning to the operative management of the transportation
system. To avoid this situation, the implementation of any novel process of data treatment must
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be done carefully and step-by-step, and always under a thorough approach. Only in this way will
the impacts of ITS (Intelligent Transportation Systems) on consumer behavior and social practices
contribute to a more sustainable mobility [30].

3.2. Traffic Management Strategies

Traffic management strategies must put their efforts toward increasing vehicles’ cooperation with
the objective of improving traffic efficiency and safety and contributing to the global optimization
of the entire transportation system. Today, traffic management centers work with real-time data
in order to provide drivers with updated information and recommendations every few minutes.
Typically, information is disseminated through DMS (Dynamic Message Signs), although navigation
applications on-board the vehicle are also popular amongst drivers. A completely different situation is
expected in the future connected and autonomous driving environment. Vehicle-to-everything (V2X)
communications will allow for real-time information and instructions to reach intelligent vehicles
directly, without the intervention of the driver. In addition, vehicles will also act as surveillance
devices and will share their computational capabilities and data in the “cloud” in order to improve
traffic conditions locally. The role of traffic management centers will then be restricted to the higher
network-level coordination. However, it will take quite a long time for connected vehicles to be
a significant part of the fleet. Meanwhile, the old-fashioned static traffic management strategies,
which can be useless or even detrimental, should evolve towards dynamic traffic management and
control approaches that are adapted to the current traffic state and that use the latest technology.

Take as an example the high-occupancy-vehicle (HOV) lanes, in which only vehicles with a
predefined minimum number of passengers are allowed (generally HOV 2+ or HOV 3+). They are
becoming more and more common in metropolitan freeways, with the objective of increasing
the vehicle occupancy and promoting collective transportation and car-pooling. However, their
effectiveness depends on their configuration [31]. It has been proven that in order to maximize their
benefits, HOV lanes should be ordinary lanes that turn into HOV lanes only when necessary (Figure 2a).
This configuration does not require huge investments, it can be easily implemented, and provides
high flexibility in the operation of the HOV lane. Additionally, as a side result, it also smoothens
and improves traffic throughput in the adjacent general-purpose lanes (i.e., the so called “smoothing
effect”; see [32,33]). Nevertheless, HOV lanes are sometimes built as segregated and exclusive lanes
that are isolated with concrete barriers or even run on a specific infrastructure (Figure 2b). In these
configurations, it is difficult to adapt the operation of HOV lanes to different traffic conditions due to
the limited spatial accessibility.

(b)
Figure 2. Dynamic versus static high-occupancy-vehicle (HOV) lanes: (a) adjacent HOV lane (Photo

source: Nexobus); (b) segregated HOV lane (Photo source: Santa Clara Valley Transportation Authority,
San Jose, CA, USA).
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Additionally, the flexibility to use them in special situations, for instance to respond to the closure
of general-purpose lanes because of an accident or road works, is also limited. Finally, possible errors
in the conception of the infrastructure (e.g., due to an ill-defined origin-destination demand structure)
are irreversible and imply a huge waste of resources.

Congestion reduction should be the fundamental goal when implementing any traffic
management strategy. This largely contributes to traffic efficiency, safety, and to the protection of the
environment. For example, the potential for a reduction in pollutant emissions and fuel consumption
during free-flowing episodes by applying traffic management strategies (e.g., dynamic speed limits) is
of the order of 4-6% (e.g., [34,35]). However, this reduction could be much larger if the dynamic speed
limits strategy was able to relieve congestion, as traffic emissions peak in congestion and stop-and-go
situations [36]. HOV lanes or dynamic speed limits systems are only examples of traffic management
strategies where high investments do not ensure the maximum benefits if not adequately designed.
There are other dynamic traffic management strategies experiencing a similar situation. All of them
could be improved if some attention was paid to traffic engineering concepts instead of concentrating
only on the introduction of the latest technologies. Properly operated, all of them would not only
make road traffic safer and more efficient, but they could contribute to a reduction in air pollution
and fuel consumption, which are closely linked to congestion. Unfortunately, many viable traffic
management strategies and their potential benefits are unknown or unexplored by policy-makers with
responsibilities in the field. In such a context, traffic management pedagogy should be a priority. This
situation might be due to the fact that the performance of traffic administrations is mainly evaluated
according to safety statistics. Note that the safety-related strategies (for example the eCall system)
receive much more attention and are generally well-perceived by society because of their direct purpose
of saving lives [37].

3.3. Autonomous Vehicles (AVs)

The attractiveness of AVs to today’s society is unquestionable, like the expectancy of the enormous
benefits that they could bring in the future. The whole of society will be affected by their introduction:
passengers, pedestrians, bikers, cyclists, workers, etc. [38—40]. They will enhance the mobility of
people with special needs [41]. AVs are also said to be the solution to congestion and accidents in the
future mobility. Unfortunately, these goals will not be completely achieved if their introduction is not
accompanied by management strategies [42,43].

First, note that AVs are being designed with very conservative driving parameters, aiming at
drivers’ safety and comfort. For example, AVs are normally instructed to drive with a minimum time
gap of 2 s. This gap measures the time between the passages of two consecutive vehicles. Traditionally,
the “2-s rule” has been a rule of thumb that has been suggested by many traffic authorities as a
car-following policy (i.e., 1 s to react and 1 s to apply the brakes in time to avoid an obstacle).
In practice, few drivers apply this rule, being the average human time gap approximately 1 s [44].
If AVs are introduced with the conservative 2 s gap, vehicle throughput will be reduced and
congestion will increase, especially when their penetration rate becomes high. The time gap is
not the only conservative parameter in the design of AVs. Other behavioral parameters, such as
acceleration or the aggressiveness in lane-changing and merge assistance, are also very smooth and
conservative with respect to the current average driver’s behavior. Making AVs more aggressive is not
a solution, as several surveys have already stated that this would not be accepted by passengers [45].
Other inefficiencies of AVs include the uncoordinated (i.e., individual) lane and route assignment,
which could lead to an extremely uneven distribution of flows on the freeway section or across the
road network. Nevertheless, these considerations could be compensated for by the ability of AVs to
reduce instabilities in the traffic flow proportionally to their penetration rate. Consequently, congestion,
accident rates, and the emission of air pollutants could also decrease [46].

A second problem in the conception and design of AVs relies on the individual and consumer-oriented
development. Wardrop’s second principle arises again: the best individual performance does not guarantee
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the optimal performance of the system. Ad-hoc traffic management strategies, which for a long time will
need to consider a mixed traffic environment with autonomous and traditional vehicles, stand out as
essential again. The need for a cooperative management of AVs for the sake of efficiency has already been
demonstrated. On freeways, platooning could be a mode of cooperation with high potential, as AVs could
drive at high speeds with very small spacings (as if they were a road train) without compromising safety.
Similarly to single AVs, platoons require their own management strategies, especially in a mixed-traffic
situation [47,48]. Some initiatives have already been outlined, but have not been completely defined. For
example, when the average speed exceeds 50 km/h, the capacity is expected to noticeably increase, even if
platoons and individual vehicles (either autonomous or traditional) share lanes. With congestion, dedicated
lanes for AV platoons are advisable. One plausible option would be the dynamic assignment of particular
lanes to platooning, either exclusively or shared with HOV vehicles or with vehicles with other types
of priority. Such strategies must also ensure that platoons do not prevent mandatory lane changing of
other vehicles near merges and diverges. In conclusion, it is clear that traffic management strategies in the
presence of AVs will be essential to fully achieve the benefits of driving automation. The good news is that
the implementation of such strategies will be easier than today, as the behavior and control of AVs will be
much more predictable than that of human drivers. The main difficulties will appear in the agreement on
the definition of the strategies and the interoperability among different brands, countries, etc.

Furthermore, fully autonomous vehicles (i.e., when the highest automation level is achieved) are
expected to increase the mobility rate in terms of vehicle-km travelled. The reason for this increase
is that transportation costs will be lower, linked to savings in labor costs and to a better vehicle
amortization. AVs are expected to be expensive during the early years of their implementation, and
thus not affordable for the average citizen. Most of them will be introduced as part of the vehicle
fleets of freight transport or vehicle sharing companies and will be heavily utilized. This reduction of
transportation costs will boost competitiveness, but it could lead to more congestion. One solution
would consist in increasing AVs’ average occupancy. In this way, the total vehicle fleet could be reduced.

With regard to safety, the best results would be achieved if traffic exclusively consisted of AVs.
Prior to the utopian situation, there will be a long period in which AVs will share roads with traditional
vehicles. In this context, their different behaviors could be a new source of accidents. Furthermore,
some probability of an accident will always exist, even when AVs prevail. In fact, the programming of
fully AVs’ response to near-accident events is one of the most controversial issues that we face [49-51].
Think, for example, of a child that suddenly crosses a two-lane road to catch his ball in front of an
AV with two adults. If the AV steers to the left, it will enter the opposite lane and if it steers to the
right, it could crash into a wall. Should the AV try to save the child’s life, compromising those of
its passengers? Is the life of a child more valuable than that of one or two adults? Administrations,
researchers, and all involved stakeholders attempt to reach a fair agreement on acceptable ethical
postulates [52,53]. Another typical example used as a starting point for reflection is the “trolley
problem” [54], whose initial goal was to analyze the ethics of abortion. It introduces an event in which
an uncontrolled trolley enters a track where five workers are performing their tasks. The trolley driver
has the option to drift the trolley towards a sidetrack with only one worker. If he steers, the number of
deaths will decrease, but it will be himself instead of fate who has the responsibility of one person’s
death (Figure 3).

Two main ethical disciplines are being used to solve this and other similar ethical problems:
consequentialism (especially utilitarianism) and deontology. In the first vision, actions are not judged
by their nature (e.g., if death is undesirable in any case) or by the goal of the agents (e.g., if there is
intention or not to kill), but rather by the “goodness” or “utility” (broadly speaking) associated with
their consequences [51,55,56]. In a deontological or Kantian framework, the moral rightness of an
action depends on the intention with which it was done, regardless of its consequences [55]. At present,
only Germany has released 20 general ethical guidelines in this regard, that at least serve as a launching
pad for further analyses [53]. Many other aspects, such as the impact on the territory, economy, and
labor market, need to be considered to achieve a successful implementation of AVs [57-59].
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Figure 3. The trolley problem [54]. (Figure of McGeddon. Available in (https://en.wikipedia.org/
wiki/File:Trolley_problem.png under the CC BY-SA 4.0 license).

Many decisions regarding AVs’ usage policies will have to be made: will a driving license be
necessary? What will the mandatory technical inspections be like? What about the role of insurance
companies? Which protocols must be established to protect data against cyber-attacks and to ensure
privacy? Among these, the policies related to liability in the event of an accident are the most
challenging. Carmakers claim that they cannot hold full liability. What about software developers?
Or technicians who mounted any particular component? Or even the owner that did not fulfil the
mandatory software updates? In fact, the solution of these arguments will probably set the pace
for fully AVs to penetrate the market. Disregarding populist announcements and the desire for
technological consumption, further research is needed on these topics, and we should not expect the
widespread adoption of fully AVs in the short term [60].

3.4. E-Vehicles

Pollution and air quality are an increasing concern in metropolitan areas. Road transport is
a major contributor to air pollution, and, for example, in Europe it accounts for nearly 20% of
all greenhouse gas emissions. The European Union (E.U.) and the governments of its member
states are committed to finding a solution, and important regulations have already been introduced.
Municipalities increasingly ban private vehicles from accessing urban centers, or charge them to access
these centers, putting special pressure on diesel engines, whose use could be heavily restricted soon.
Similar situations and restrictions exist in other continents. Although the widespread use of electric
vehicles (EVs) would help to reduce pollutant emissions and noise, consumers are reluctant with
respect to their power and autonomy. Electrical motors are extremely efficient, but infrastructural needs
(mainly charging points) as well as battery capacity and the subsequent autonomy range anxiety [61]
are still factors that limit the public uptake of EVs [62]. Norway, with about 500,000 EVs at the start of
2017 (more than in the USA), is the leader in Europe. China leads the world market with about 600,000
EVs on its roads and 5 million planned for 2020 [63]. Initially, traditional carmakers did not seem very
enthusiastic about EVs, and focused much more on automation, fostered by consumer’s desires. In this
context, consortiums of technological industries and start-ups take the lead in the manufacturing of
EVs. Currently, their efforts to develop EVs are paying off, and many governments offer tax reductions,
exemptions in parking fees and tolls, and bonus payments or premiums to foster their adoption [64,65].
For example, Norway offers an exemption of 25% VAT on purchase, a 40% reduced company car tax,
no purchase/import taxes, no annual road tax, no charges on toll roads, a 50% price reduction on
ferries, free municipal parking, access to bus lanes in Oslo (only for carpooling +2 during rush hours),
and the possibility of recharging for free at public charging stations. These kinds of measures imply a
slight change of trend in the E.U. [66].

Lower prices, the possibility of making longer journeys without recharging, and the widespread
availability of fast charging stations are the crucial challenges for the popularization of EVs [67], but not
the only ones. Users also penalize their fast obsolescence, the few specialized car mechanical workshops
available for their maintenance and repairs, their high insurance costs, and their limited ability to travel
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with trailers. From the safety point of view, high voltage batteries are thought to be dangerous as they
can burst into flames in the event of an accident. However, this is not much different than carrying a
large tank of a highly flammable liquid in traditional cars. EVs also need to consider sustainability. For
example, large amounts of rare metals are necessary to assemble the batteries. Lithium-ion batteries
are being used in significant quantities for automotive propulsion [68], and cobalt and graphite are
increasingly in demand too. This means that large-scale recycling schemes are necessary to avoid the
depletion of natural resources and to prevent the emergence of uncontrolled landfills. In addition,
because these metals are usually obtained from developing countries, governments should be attentive
to the establishment of policies for their protection. Another issue would be how to obtain the electrical
energy that is required to power a large EV fleet, which would require the upgrade of the whole
electrical power system. This is why there is a current of thought defending that, for those who really
want to preserve the environment, the best option is not to buy an electrical car, but to use public
transportation or share vehicles instead.

An intermediate alternative between traditional and electric vehicles are hybrid and plug-in
hybrid vehicles. Longer trips without recharging are possible, but emissions are not eliminated and
fuel dependence continues [69,70]. In addition, other inconveniences are still present (e.g., price,
insurance, reparations, double technology). These vehicles are only a temporal solution.

3.5. Sharing Systems

In Los Angeles (USA), the most congested city in 2017, 77% of the population own their cars [6].
In the U.K,, the average car is only in motion during 4% of its life [71]. Many city centers (e.g., London,
Oslo, and Paris) already ban or charge for the access of private cars. In this context, the shift from
vehicle ownership to vehicle use has started [72]. In fact, it also represents a change towards a more
engaged society with a smaller vehicle fleet. Car, bike, or motorbike sharing systems have turned
out to be a trendy complement to collective transportation, looking for an efficient, economical, and
environmentally friendly urban mobility. All of them consist of a pay-per-use vehicle fleet that can be
driven within a service area.

Originally, vehicle sharing systems were organized as two-way, in which users had to take the
vehicles back to their original pick-up stations. Two-way systems were received by consumers as
flexible rent-a-car initiatives, but they did not suppose a new paradigm in urban mobility. This required
one-way systems, in which the vehicle can be picked-up and returned anywhere within a service region.
One-way systems can be station-based, i.e., vehicles must be picked up and left at specific stations or
“depots”, or free-floating, in which vehicles can be found and dropped off at any parking spot inside
the service area. There are pros and cons to both approaches [73,74]. For instance, car-sharing vehicles
are usually electric, and their concentration at depots allows for installing more efficient charging
points. In contrast, the accessibility of the system will be determined by the number, position, and
size of the stations, which must be carefully planned to cover all subareas of the service region, and to
make the probability of empty and full stations low. Request and return demands at each subarea must
be considered to keep repositioning operations (i.e., artificially recovering the system from demand
unbalances) to a minimum, and, thus, making the system economically viable. Another problem of
station-based systems is the space requirement for the stations, as space is especially scarce in city
centers. Several car-sharing companies adopted free-floating systems to avoid these inconveniences.
Nevertheless, free-floating systems need to be operated based on reservations, which implies an
increase of the average service time of each vehicle, and, thus, a reduction in their availability for a
given fleet size. Another problem of free-floating systems is that their accessibility randomly varies
in space and time (i.e., lower at peak periods due to less free vehicles). This may penalize the users’
confidence in the system.

Other vehicle sharing initiatives include ride-hailing and peer-to-peer (P2P) sharing. Ride-hailing
allows the owners of private vehicles to connect through an app or website with other people that
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want to share the total or part of their trips. In P2P, owners offer their vehicles through similar media
for a particular area and a period of time, when they do not need them.

In summary, it can be said that the potential of well-managed sharing systems and the benefits they
can bring to society are indisputable. However, some risks are envisaged in their implementation. For
example, vehicle sharing systems tend to be promoted by automotive companies or start-ups, without a
clear determination for the social optimum in mobility terms. This results in partial spatial coverage, the
coexistence of several non-interoperable systems, “trial and error” pilot tests, etc. Policy-makers should
encourage city-wide systems, based on an in-depth analysis of the global users’ needs and boundary
conditions of the service area [75]. In addition, two facts could impede the desired reduction of the
vehicle fleet by the introduction of car-sharing initiatives. Firstly, most sharing companies use small
vehicles and customers often use them alone. This means that the average vehicle occupancy tends to be
low. Secondly, a recent study that analyzed the results of a very comprehensive survey on ride-hailing
use, performed in several North American cities, concluded that almost 50% of ride-hailing trips would
have been made by walking, biking, mass transit, or avoided. In other words, in their current design,
these systems encourage vehicle usage and could contribute to congestion and pollution [76].

Overlooking these benefits and penalties of car-sharing, it can be observed that their usage is
still restricted to a small niche of society. This is not due to the price of using the system. Reducing
the already reasonable price of sharing and hailing systems would only led to the demise of many
companies due to subsequent economic losses. There are other reasons that explain why people do
not shift to these services: (i) a lack of service outside of metropolitan areas, (ii) human reluctance to
change, (iii) a lack of technological skills (e.g., to make a reservation and pay), (iv) a loss of privacy
and comfort (e.g., to carry individual items), (v) displeasure with vehicle cleanliness, and (vi) an
inclination to consumption and ownership [77-80]. Regarding this last reason, the re-conceptualization
of travelling as a “consumption of distance” could help to change the current mindset [81]. With regard
to interurban trips, the combination of sharing and mass transit is expected to make them more
popular in a near future. In fact, this need is already being considered by the developers of the
so-called Mobility as a Service (MaaS) on-demand mobility solutions. This is a new comprehensive
transport concept that is similar to global offers in the telecommunications sector. In these solutions,
“mobility operators” will have access to the timetables, real-time location, fares, etc. of the existing
transport service providers. Users, usually through a mobile phone app, will provide their origin
and destination points, and will be given a seamless combination of different modes of transport,
including intermodal collective transport, taxis, shared vehicles, and bicycles. Users will only deal
with the global mobility operator and pay a flat rate, per trip, per period, per distance ... depending
on their needs. It is clear that MaaS and vehicle sharing will exhibit strong synergies. MaaS is already
technologically feasible; however, there is a long way to go before reaching agreement and coordination
among all of the parties involved, as well as the establishment of the corresponding policies [82-85].
Informative and educational campaigns could help to confront the remaining reasons behind people’s
disinclination to consume vehicle sharing systems. Also, some administrations are considering to
provide incentives to users, at least at the early stages of these systems. For example, shared vehicles
could have granted access to exclusive areas and restricted lanes, or economic subsidies could be
provided to compensate for the disutility of waiting, accessing the system, or sharing the vehicle with
other passengers [86]. Nevertheless, the role of governments and administrations in the regulation of
potentially environmentally friendly practices, such as vehicle sharing or Maa$, is generally affected by
an intricate chain of interests, as there are many stakeholders affected. Both an adequate planning of
these systems and an agreement between all the parties involved in the sharing economy are essential
to advance towards a more sustainable mobility [87].

4. Technology in Future Personal Mobility: Will Scotty Beam Us Up

Perhaps the day will come in which we can ask for teleportation, like Capitan Kirk did [88].
This idea seems distant and against the laws of physics, but other film-inspired modes of transport are
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already being developed or even operated on small test sites. Monorails, magnetic levitation (maglev)
trains, and personal rapid transit systems or drones (to transport goods) are only some examples. The
following sections focus on transportation systems that do not operate yet but have been announced
by their promoters as the solution to current mobility problems. Transportation solutions that are faced
in the previous sections illustrate cases where technology is being applied with more or less acceptance
and success, but with the potential to become real innovations in personal mobility. On the contrary,
consumerism and/or overconsumption as well as technology attractiveness seem to be the incentives
for the proposal of the following modes, according to their inherent disadvantages to become a reality.

4.1. Flying Cars

Several enterprises work on flying cars, whose aesthetic recalls Spinners [89]. Indeed, current
prototypes include vertical take-off and landing (VTOL) aircrafts or drones made of lightweight but
resistant materials and with improved power density engines. The first commercially available flying
car, the Dutch Pal-V Liberty, can already be reserved (Figure 4). It was presented at the Geneva Motor
Show 2018. According to its developers, it takes 5-10 min to change from a three-wheeled car to a
gyroplane and reaches 160 km/h on the road and 180 km /h in the air, at a maximum height of 3500 m.
For its part, Uber plans to launch an aerial taxi service in 23 cities across 13 countries by 2020. Other
firms, such as Google (with the start-up Zee.Aero) or Airbus (Vahana), are behind similar projects.
Flying cars attract governments as well as traditional car manufacturers. Dubai plans to introduce a
flying taxi at the World Fair in 2020, whereas Toyota supports a group of Japanese inventors to launch
a flying car (SkyDrive) by the 2020 Summer Olympics in Tokyo.

C—

Figure 4. The Dutch Pal-V Liberty flying car [90].

In spite of the technological advances in the air industry, the generalized adoption of airborne
vehicles seems unfeasible if important concerns are not tackled. Technically, they are too sensitive to
weather and load weight restrictions, which would limit their usage. Ignoring these factors could lead
to severe safety problems. Battery improvements are also crucial, because most of them are “clean”
(i.e., electrical) [91]. Socially, their high price (and surely that of the related insurances) and increased
noise levels would soon outsprint their initial appeal. Moreover, drivers should have a sort of pilot
license, which would be difficult and expensive to obtain. The required physical conditions and the
complicated topics to cover (aerodynamics, mathematics, instrumentation, navigation techniques,
etc.) could also limit the spectrum of users. Changes in regulations affecting other means of transport
(e.g., aviation) would be necessary, as well as the adaptation or construction of new infrastructures for
take-off and landing operations. It seems inadvisable to use airports or streets for these purposes to
prevent operational and safety problems. The need for such special sites would reduce the flexibility
of possible itineraries. This leeway would even be lower in the case of long journeys, since it would be
necessary to plan where to recharge or refuel. Less severe issues, such as the risk of falling garbage,
would also appear.
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4.2. Hyperloops

Another transport mode predicted by science-fiction was the “pipeline travel”. Currently known
as the hyperloop, it appeared for the first time in the animated film The Jetsons [92]. The most famous real
hyperloop initiative was launched in 2013 by the well-known entrepreneur Elon Musk. He described a
means of transport based on magnetic levitation, where capsules act as wagons and travel inside a
low-pressure tube at very high speeds (ideally 1200 km/h), supported by a bed of air [93]. A 2-year
Hyperloop Pod Competition was launched, and the best designs presented were supported in the
building of small prototypes and their testing on a 1.25 km track. In the second event of the competition,
held in August 2017, the WARR hyperloop of the students of the Munich Technical University was the
fastest, reaching a top speed of 324 km/h. In fact, it surpassed the commercial Virgin Hyperloop One,
whose top speed in its last test carried out in Nevada was 309 km/h [94]. Nevertheless, Virgin states
that the final version of their Hyperloop One, which is being developed partly in Spain, will be able
to travel at 1080 km/h. They plan to launch it in Abu Dhabi in 2020, as long as the corresponding
legislation is ready by this date. Several other companies work on their own hyperloops, including
the Boring Company of Elon Musk. In fact, the company has already been given permission to begin
digging a transportation tunnel in Washington D.C. The goal is to enable a 29-min journey between
the capital and New York City.

In this context, the idea of the so-called Urban Hyperloops is also gaining momentum. According to
their promoters, these are associated with a more sustainable urban mobility concept, which would use
smaller-scale hyperloops with many small stations (of the size of one parking space) and vehicles to move,
preferably, pedestrians and cyclists across big cities. This would encourage private owners to leave their
vehicles at home. Although technologically updated, there is not any new urban transportation paradigm
in the Urban Hyperloop concept, but a promise of a faster and accessible on-demand transportation
system. The question is: how this is going to be achieved? How will the hyperloop technology handle
multiple routing and network congestion? Still, there is no clear answer to these questions.

Although hyperloops are very attractive, and in spite of the tests that are being conducted, there
are many doubts about whether they can become a universal mobility solution. Technical questions
persist. For example, the expected speeds have not been reached yet. Furthermore, long hyperloops
would need to pump millions of cubic meters of air to create the vacuum in the tube. Constructing
such near-vacuum tubes would be a challenge in itself, and even more difficult to attain with the thin
walls of current designs. The air pressure outside would apply an enormous force against the tube.
In this context, the vibrations caused by the high-speed pods or expansion and contraction movements
due to changes in temperature could have disastrous repercussions. In this regard, several scientists
claim that safety problems could be very serious [95-97]. As an example, it is asserted that any small
rupture or crack in a capsule would expose passengers to a hard vacuum, causing them to die as if they
were in space. Others contend that a breach in the tube could kill everybody, because air would rush
into the tube at about the speed of sound. Fatal predictions about the consequences of an individual
pod crashing exist too: it would generate a cascading failure causing a pressure wave to shoot down
the tube at the speed of sound, destroying all other capsules. The former examples help us to imagine
to what extent hyperloops would be vulnerable to terrorism.

Even supposing that the required technology is available, an economic feasibility assessment
should be carried out before devoting large amounts of money, time, and energy to the concept.
The necessary initial investment would be a big problem. Tubes are conceived to be mainly
underground. The hyperloop infrastructure was promised to be much cheaper than that of other
transportation alternatives on the basis of the progressive reduction of the cost of tunneling, which is
uncertain. In addition, other important costs, such as those related to the acquisition of land or to the
installation of safety measures, have been underestimated. The first analyses estimate that €49 million
will be needed to build 1.6 km of hyperloop [98]. Finding areas where cheap tunneling is possible and
does not damage other infrastructures, dwellings, or even natural environments would also limit the
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connection of dense urban areas to the system. Most experts agree that the construction of smaller and
simpler hyperloops for freight (especially light, time-sensitive goods) is a much more feasible option.

4.3. Teleportation

Also known as teletransportation, the concept of teleportation would consist in instantaneously
converting matter into minute particles, energy, or data at one location and recreating it in its original
form at another. Although the concept was popularized by the science fiction television series
Star Trek [88], the idea rose up much earlier. The first recorded story on the topic was based on
The Man without a Body [99], where a machine called a Telepomp was able to transform matter into
energy and transmit it to a receiver.

There is great controversy about whether the teleportation of people and goods could ever come
true. That would really be a breakthrough, as most of the problems faced in the former sections
(congestion, pollution, safety, the need for large infrastructures, etc.) would disappear, or, at least,
mutate into completely different problems. Advances at the microscopic level have already been
achieved. The latest and most significant was attained by Chinese researchers, who teleported a photon
from the Jiuquan Satellite Launch Center (Dunhuang, Jiuquan, Gansu, China) to a satellite in orbit
more than 500 km away [100]. The basis of this so-called quantum teleportation is the phenomenon
known as quantum entanglement. In simple words, when two subatomic particles are created at the
same place and time, a special link is created between them. When the state of one of the particles
changes, the other changes as well, even if they are separated by large distances. If, for example, the
first entangled particle interlays with a third one and it undergoes a state change, this is replicated
in its twin. That is, the twin embraces the existence of the outsider, which is said to have been
teleported. The quantum state information of this third particle has been transmitted. Thousands of
commentators, businessmen, and the general public are excited about the idea of instantaneous trips.
However, the teleportation of human beings or simply of large quantities of inert matter is unlikely
to become a reality. Firstly, (quantum) teleportation can only transfer information about an object,
but not the object itself. So, only a copy would be transmitted. Secondly, transmission of billions of
particles would require an enormous bandwidth and an extraordinary amount of power, which seems
physically impossible.

Ethical issues also arise. Even if large quantities of matter could be teleported in the future, would a
teleported person be the same individual? What happens to the original person? Would his/her personality,
way of thinking, or memories remain? These topics could be as challenging as those mentioned above.

5. Multicriteria Analysis of Different Innovative Transportation Modes and Strategies

In order to assess what has been discussed in the previous sections, a multicriteria analysis has
been performed under a hybrid approach that combines the Analytic Hierarchy Process (AHP) and
evidential reasoning (ER), as described in Section 2. This allows us to consider all of the innovative
transportation alternatives addressed in this paper, comparing current transport modes/strategies
(with the quantitative empirical data available) with futuristic solutions, which have not been
implemented yet. In this last case, many uncertainties exist, and only qualitative, and, to some extent,
subjective criteria can be applied. A belief decision matrix, resulting from the joint consideration of
the sources of information detailed in Section 2, has been constructed (see Table 1). The primary goal
of this matrix is not to choose a single alternative, but to make readers aware of their strengths and
weaknesses from a multi-dimensional point of view.

The transportation modes/management strategies to compare are placed in columns, while their
impact according to different criteria appears in rows. Trying to cover the most important standpoints from
a sustainable mobility perspective, the following criteria (with their respective weights, «;) are addressed:

e  Mobility: to what extent the alternative assessed helps to improve the efficiency of mobility,
whether by directly or indirectly relieving current congestion or by offering a new optimal
mobility solution. Weight of the criteria: a,, = 1.
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e  Safety and security: to what extent the alternative assessed directly or indirectly contributes to
diminishing the number of accidents. Also, how secure is the alternative against new forms of
terrorism (e.g., cyberattacks). ass = 1.

e  Environment: to what extent the alternative assessed is environmentally friendly. This includes
topics such as the quantity of harmful emissions, noise, and land occupation. a, = 1.

e  Social scope: to what extent the alternative assessed is equitable and inclusive. Assessment of
the barriers imposed to the inclusion of sectors of population depending on factors such as age,
health, and income. a5, = 1.

e  Spatial scope: applicability of the assessed alternative to a wide variety of spatial contexts.
For example, if it is restricted to urban centers or not. asp, = 1.

e  State-of-the-practice: to what extent the addressed alternative could be immediately applied or
how difficult the accomplishment of the necessary developments/improvements are expected
to be. a5y = 0.85, as technological advances may change the state-of-the-practice of some
alternatives soon.

e  Economic feasibility: addresses the sustainability of the system in economic terms, from the point of
view of the administrations or operating companies. The users” affordability is not addressed here,
as it is included in the “Social scope” criterion. &, = 0.75, taking into account that innovations
are usually expensive at their first stages but become affordable with time.

e  Privacy issues: to what extent the alternative encroaches on people’s privacy. For example, the
use of aggregated data is considered less detrimental than that of individual data. «); = 0.5.
Although privacy must be guaranteed as much as possible, ensuring an optimal future mobility
can be a priority. Possibly, privacy could be penalized to a certain extent, always after explicit
user acceptance and under the supervision of a responsible entity.

Table 1. The multicriteria analysis of different innovative transportation modes/strategies.

IMPACT «; ATMS CCAV EV SHS FC HYP TP
Mobility 1 5 5 3 4 3 3 5
Safety and security 1 5 4 3 3 2 2 ?
Environment 1 4 4 5 4 2 2 5
Social scope 1 3 5 3 4 2 2 ?
Spatial scope 1 3 4 3 4 2 1 5
State-of-the-practice  0.85 5 4 5 5 3 1 ?
Economic feasibility ~ 0.75 5 4 5 5 1 2 ?
Privacy issues 0.5 3 2 3 2 3 3 ?
TOTAL GRADE 83.1%  82.8% 74.6% 789% 445% 39.0% ?
Social acceptance 571%  929% 66.7% 588% 66.7% 75.0% 100.0%

Note: (1) a question mark is used when uncertainty cannot even be dealt with with a well-posed subjective analysis.
(2) aj stands for the relative weight of the criteria; ATMS stands for “active traffic management strategies”; CCAV
for “connected and cooperative autonomous vehicles”; EV for “electric vehicles”; SHS for “sharing systems”; FC for
“flying cars”; HYP for “hyperloops”; and TP for “teleportation”.

In the multicriteria analysis, each impact has been evaluated according to five possible grades,
which have been converted into scores (in brackets): very positive (5), positive (4), insignificant (3),
detrimental (2), and very detrimental (1). The given scores result from the expert consideration of all
sources of information, namely: indexed papers, non-indexed papers, conferences, interviews, in-situ
visits, author’s knowledge, etc. Objective and quantitative information coming from relevant scientific
publications has always prevailed when available. However, scientific publications are scarce for
the case of the futuristic proposals addressed. The final result for each alternative is expressed as a
percentage of the maximum possible grade.

According to the multicriteria analysis presented in Table 1, the widespread use and implementation
of active traffic management strategies would be the most beneficial strategy considering a wide range of
impacts and at the present time. Next, an optimal introduction of connected and cooperative autonomous
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vehicles (CCAVs) and the generalization of sharing systems stand out as highly desirable as well.
Of course, these results should be taken with caution, as they include some qualitative and provisional
considerations, and they do not account for possible synergies between different developments.
For instance, sharing systems whose fleets could be composed of electric high occupancy autonomous
vehicles would be significantly more beneficial. In addition, some of the aspects considered will
change with time. For example, both the state-of-the-technology and the price of AVs are expected to
become more favorable in the coming years, which would result in different grades for most of the
impacts considered. Although high volatility has been included in the analysis by means of lower
weights, some uncertainty still exists. Therefore, these limitations and others discussed in the paper,
especially regarding future transportation modes, advise against taking the numeric results of the former
multicriteria analysis as a ground truth. In fact, numerical results are not the goal of any assessment
applying evidential reasoning. This does not detract from the performed assessment value. On the
contrary, it supports the central idea of this paper.

Additionally, one final row has been added in Table 1 to rate the social acceptance of the
mode/strategy under consideration. Social acceptance is defined as the willingness of the different
stakeholders (i.e., users, administrations, private companies ... ) in the deployment and application of
the considered technologies and strategies. In order to assess this factor, the inputs provided by all
of the sources of information used (see Section 2) have been classified into two groups considering
whether their position mostly highlights the benefits (i.e., positive acceptance) or the penalties and
problems (i.e., negative acceptance) of the alternative considered. Table 2 provides partial evidence of
the assessment of social acceptance, considering only the published sources of information that show a
clear attitude towards these modes/strategies, either verbatim or inferred from their content. Note
that the classification of these references as being “for” and “against” one particular mode/strategy
exclusively takes into account the current state-of-the-art of these alternatives. Therefore, there exist
references that, for example, have been classified as being “against” CCAV because they focus on their
undesirable current issues, although stating that, in the long term, they could result in being beneficial
as long as these problems are properly addressed. The level of social acceptance under these terms is
expressed as a percentage, which represents the fraction of positive acceptance positions with respect
to all of the sources of information that have been considered for this purpose. The inclusion of social
acceptance aims to illustrate that the social benefits of the implementation of a given technology are
generally not related to its social attraction and interest.

Table 2. The literature review regarding the social acceptance of different innovative transportation

modes/strategies.
Mode/Strategy Acceptance References Social Acceptance
ATMS 152 ;iattiivvee [fﬁii%] 57.1%
CCAV ;’sgggvee [16,37411,43,12,94]6,57,60,97,98] 0299,
v Foste  DATOSTITATS g,
SHS ;I)S;attlﬁzee [34%15977;27_972; ;’Sfé%'%] 58.8%
FC ;T)g;;tg;ee [90'?917']1 o 75.0%
HYP Negive s 778%
TP 52;:;’; [100,106-109] o

Note: ATMS stands for “active traffic management strategies”; CCAV for “connected and cooperative autonomous
vehicles”; EV for “electric vehicles”; SHS for “sharing systems”; FC for “flying cars”; HYP for “hyperloops”; and TP
for “teleportation”.
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When comparing the total grade of each alternative with its social acceptance, it can be observed
that those modes/strategies that result in more benefits for society are not always those that are more
appealing. The case of ATMS is paradigmatic. Dynamic traffic management strategies are theoretically
developed and the necessary technology is available. However, non-experts do not appreciate
them, probably because they do not understand their objectives and potential benefits. On the
contrary, inadequate solutions (at least in their current design), such as hyperloops, are appealing
to the population. This situation could be compensated for by the development of information and
educational campaigns, as societal acceptance should be related to the expected benefits, and not to
the technological attractiveness. Society should become involved to some extent in the development
of new transportation alternatives. Only in this way they will become aware of the best solutions for
their personal mobility and positively “influence” administrations to make the best decisions.

6. Conclusions

This paper warns against neglecting fundamental knowledge and engineering principles in the
consumption and implementation of new technologies. It is based on the conviction that technology
should not be considered a final objective in itself, but a tool to improve different aspects of society.
Using personal mobility as a unifying thread, the paper alerts professionals and administrations of the
dangers of ignoring social needs, theoretical foundations, engineering principles, previous experiences,
and comprehensive analyses when implementing new technologies. Several specific examples of
current malpractice in this regard, as well as possible solutions, are presented.

For example, new technologies and huge computation capabilities provide more traffic
information than ever before. However, congestion is still increasing day after day. Each driver
attempts to use this information to his/her own benefit, without any centralized control entity aiming
at optimizing the entire system. Traffic management centers should use these new real-time data to
dynamically enforce drivers to take some actions for the benefit of the whole system. Educational
campaigns would help users to better accept this collective way of driving.

In addition, traffic information needs to be accurate, as personal mobility is increasingly dependent
on it. The paper presents some paradigmatic cases where the common treatment of traffic data leads
to inaccuracies in the traffic state estimation, which are transferred to subsequent traffic studies or
information that is disseminated to drivers, which becomes biased or directly erroneous. Simple
modifications would suffice to improve these estimations.

The paper also revisits the future of driving automation. Automated vehicles (AVs) are considered
to be the solution to all current problems of road traffic: accidents, discomfort, congestion, and
pollution. However, this will not be the case if additional changes are not implemented. In this regard,
cooperative driving systems are essential. For example, platooning could significantly help to relieve
congestion on metropolitan freeways. Ethical issues and a population’s reluctance to change will
represent other difficulties to solve.

Incontestably, future personal mobility must be environmentally friendly. EVs are the way to go,
but there is still a lack of affordable technologies that equal the performance offered by traditional
fuel engines. Even in that case, the source of all the electrical power that will be needed remains an
issue. Probably, the vehicle fleet should be limited in any case. An efficient public transport system
will be essential, and vehicle sharing systems are expected to play an important role in the future.
Nevertheless, there is some evidence that users are reluctant to travel with strangers, except when
they feel anonymous, as occurs in mass transportation. Educational campaigns that promote the use
of vehicle sharing systems are indispensable. Both collective transportation and sharing systems are
called to join efforts to offer comprehensive, on-demand mobility services, such as MaaS.

Ongoing projects on futuristic transportation with a high technological component have also been
assessed in the paper. In particular, considerations about the advantages and disadvantages of flying
cars, hyperloops, and teleportation have been outlined. They could suppose a revolution in personal
mobility and could eradicate present troubles, although creating new unthinkable problems. Flying
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cars and hyperloops could be technically feasible, but their current designs involve more handicaps
than solutions. Today, their commercialization can only be explained by the desire for technology
consumption. For their part, the advances achieved in quantum teleportation cannot be extrapolated
to people or freight.

Other factors not directly addressed in this paper should also be considered when exploring the
pros and cons of new transportation modes. For example, the world’s population is ageing rapidly.
Urban development strategies as well as mobility solutions must give due importance to this fact,
not being predominantly drafted on the paradigm of technological progress [110]. Also, promising
studies suggest that policies aimed at reducing wealth concentration could also be beneficial, because
environmentally unfriendly practices related not only to transportation but also to manufacturing, etc.,
would be distributed too [111].

A final conclusion can be drawn from the paper: personal mobility and technology will continue
to be closely related in the future. At present, the prevailing culture of consumption and the lack of
research prevents society from making the most of technological development. To some extent, this is
due to the fact that technology consumption and ownership are linked to a high status and/or to power
and modernity. There is a need for information and education campaigns targeting users, but also
administrations, so that they think and act from a more social point of view. The global improvement
of personal mobility (i.e., the social benefits) should hold the reins, adapting technology to its needs.
Only in this fashion will the future of transport systems be more sustainable, inclusive, and efficient.
This argument could also be applied to any other discipline or field, apart from transportation and
mobility. The random consumption of technology is omnipresent, while technology must respond to
the demands of society and not create them.
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