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Abstract

Mobility as a Service (MaaS) represents the integration of different transportation services into
a unified framework aimed at revolutionizing urban mobility by offering integrated, user-cen-
tered, and sustainable travel solutions. This thesis focuses on examining and analyzing key
performance indicators (KPIs) and key value indicators (KVIs) crucial for developing and opti-
mizing sustainable and intelligent Maa$ systems. By assessing metrics such as service efficiency,
user satisfaction, environmental impact, congestion reduction, minimization of arrival times,
and cost-effectiveness, this research aims to identify the indicators that reinforce the successful
and effective implementation and operation of Maa$ platforms. Through an in-depth exami-
nation of these indicators, this study proposes objective functions that prioritize achieving an
equitable and optimized Maa$ ecosystem.
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Sommario

La Mobility as a Service (MaaS) rappresenta I'integrazione di diversi servizi di trasporto in un
quadro unificato mirato a rivoluzionare la mobilita urbana offrendo soluzioni di viaggio inte-
grate, centrate sull’'utente e sostenibili. Questa tesi si concentra sull'esaminare e analizzare gli
indicatori chiave di performance (KPI) e gli indicatori chiave di valore (KVI) cruciali per lo
sviluppo e l'ottimizzazione di sistemi Maa$ sostenibili e intelligenti. Attraverso la valutazione
di metriche come l'efficienza del servizio, la soddisfazione dell'utente, 'impatto ambientale, la
riduzione della congestione, la minimizzazione dei tempi di arrivo e la convenienza economica,
questa ricerca mira a identificare gli indicatori che rafforzano 'implementazione e il funziona-
mento efficace delle piattaforme MaaS. Attraverso un’analisi approfondita di questi indicatori,
questo studio propone funzioni obiettivo che prioritizzano il raggiungimento di un ecosistema
MaaS equo e ottimizzato.
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Introduction

Maa$, or mobility as a service, is a ground-breaking framework that offers a wide range of mul-
timodal transportation options while maintaining a focus on the demands of the user. Maa$S
unites several mobility services into a single, integrated digital platform that provides a wealth
of information, booking possibilities, ticket kinds, payment methods (pay-as-you-go or sub-
scription plans), and customer feedback systems. The purpose of this integration is to increase
traveler participation generally and the ways of achieving sustainable objectives. Regardless
of public sector subsidies, the Maa$S structure is really flexible, working at several geographi-
cal scales (urban, regional, or global) and including a wide range of services, including private
automobile usage and parking. It is important to mark that Maa$ is extremely distinct from
traditional travel planners, versatile transport services, or exclusive shared transport solutions.

The birth of Maa$S was driven by the need to deal with critical urban transportation chal-
lenges including bottleneck, environmental pollution, and the inefficient systems offered by
conventional transport modes. By increasing the role of public transport and incorporating a
diverse array of mobility services (such as taxis, car-sharing, ride-sharing, and ride-hailing) Maa$S
attempt to promote more sustainable travel behaviors. The primary goal of Maa$ is indeed to
boost the efficiency of the mobility system, making car-based transportation less desirable and
more impractical.

The idea of MaaS$ started coming together with a 2011 study called “The Flexible Passen-
ger” [74] which looked at the project of creating an all-in-one transportation service in cities.

This research assign the groundwork for UbiGo, the first commercial Maas$ trial, launched in



Gothenburg, Sweden, in 2013-14.

Instead of just focusing on individual modes of transport or reducing fossil fuel use, UbiGo
tried to incorporate various public and private transport options into one service, very easy to
use. The goal was to make travel simpler for individuals and families by harmonizing different
transport activities. Yet, many MaaS$ projects have remained small and focused on specific areas,
with limited studies on how well they run. UbiGo, for instance, faced challenges in moving
from a pilot phase to a fully commercial service, particularly due to rules that made it difficult
to resell public transport tickets. These issues highlight how elaborated it can be to integrate
different transport services and get all stakeholders on the same page.

In the description of Maas, Sochor etal. [41] introduced its topology, categorizing different
levels of integration in mobility services from Level o to Level 4, each of it representing a new

degree of integration and associated value for customers, societal effects, and business potential.

* Level o: at this level, there is no integration of services, with each transport mode oper-
ating independently.

* Level 1: information integration. This level provides users with centralized access to
travel information, like multimodal travel planners or assistants. The focus here is on
helping users find the best travel options. It is typically funded by ads or taxpayers. Even
though operators do not oversee service quality, they must ensure that the information
provided is accurate and user-friendly to maintain engagement.

* Level 2: integration of booking and payment. Users can book and pay for different
transport modes through a single app at this level, contributing convenience for those
using multiple forms of transport. While this integration simplifies the travel experience,
it may not significantly impact car ownership. Revenue is typically generated through
commissions and brokerage fees, but challenges include high integration costs and slim
profit margins.

* Level 3: service integration. This level bundles numerous transport services into one
comprehensive package, providing an alternative to car ownership. Here, the MaaS$ op-
erator takes on the responsibility of managing both the service and the relationship be-
tween customers and service providers. This level offers greater profit potential through
negotiated deals and customized service packages.

* Level 4: societal integration. The focal point at this level is on aligning mobility services
with larger societal goals, such as reducing private car ownership and improving urban
livability. It involves cooperation between public authorities and MaaS$ operators, incor-
porating public policies and incentives to encourage sustainable transportation choices.
This level emphasizes the combination of mobility services with the aim of achieving
long-term societal benefits.



MaaS is crucial for solving urban transportation issues, especially congestion and environ-
mental topics. Traditional traffic management strategies, such as road construction and jam
control measures, have run out of steam as cities get denser. The increasing needs of urban
mobility, particularly in the context of smart cities, frequently cause these policy based solu-
tions to fall behind at the same rate of advancement. In fact, big data analytics, extensive IoT
sensor networks, and information technology are only a few of the cutting-edge technologies
that smart cities use to transform mobility planning. The integration of Maa$ into smart city
architecture opens the door to offering citizens more sustainable, flexible, and efficient mobil-
ity options. Under those circumstances, Maa$S boost the benefit of public transportation and
other shared mobility services. This allow to make them more attractive alternatives to private

car use.

1.1 THESIS GOALS

In order to help MaaS$ systems proliferate and grow, this thesis looks into and assesses Key Per-
formance Indicators (KPIs) and Key Value Indicators (KVIs). KPIs are benchmarks that busi-
nesses use to assess and improve their performance in reaching predetermined objectives. They
are essential for evaluating the efficacy of business operations and cover both non-financial
and financial factors [80]. On the other hand, KVIs go beyond conventional performance
measurements by emphasizing the value produced by certain organizational activities or pro-
cedures. KVIs emphasize value creation over simple performance tracking by offering insights
into the efficacy and impact of various initiatives. In contrast to KPIs, KVIs frequently call for
original thinking and thorough conversations in order to discover and measure [59].
Relevant KPIs and KVIs in the Maa$ context are: cost-effectiveness; multimodal trip uti-
lization; modal share; environmental impact; arrival time minimization; service efficiency; user
happiness; and cost variation per user or trip. This thesis will take a close look at these indica-
tors, evaluating their definitions, approaches, and potential uses in the Maa$S space. Finding
the KPIs and KVIs that maximize the performance and value of Maa$ systems is, in fact, the
main objective of this thesis. Italy hasn’t given KVIs much thought, therefore with this thesis,
we hope to draw attention to how important these values are. We will also discuss the reasons
behind the development of Maa$, including its historical background, its relationship to smart
cities, and a particularly divisive contradiction. Even though policies are still being developed
and Maa$ initiatives are still being implemented locally, the research will also look at the legal

framework for developing KPIs and KVIs within the Maa$ approach. A case study will offer



a thorough examination on how well different algorithmic techniques, such as greedy heuris-
tics and Mixed-Integer Linear Programming (MILP), maximize user pickups while reducing
service impact. We shall also assess the trade-offs between KVIs and KPIs in order to decide
which should come first for the best results. This will include determining the effects of giving

one priority over the other and how this will affect performance as a whole.

1.2 THESIS OUTLINE

The remainder of this thesis unfolds as follows. Chapter 2 introduces the motivations for the
creation of Maa$, including its origins in history, environmental exigencies, balancing KPIs
and KVTs, its connection to smart cities, the need for fair service and a particularly contentious
paradox. Chapter 3 examines the regulatory landscape surrounding KPIs and KVIs within the
European Union and Italy, focusing on the limitations of Ttalian legislation in addressing KVTs.
Chapter 4 discusses about different KPIs relevant for Maa$, such as modal share, variation in
service utilization rates due to Maa$S, bus-route oriented trips ratio, multimodal trips ratio, aver-
age cost per user and per trip, average MaaS$ revenue odds, Co2 emissions before and after the
introduction of Maa$, efficiency, operational cost-effectiveness, accessibility and availability,
KPIs in the MOST context. Chapter s analyzes several KVIs that are essential for understand-
ing the impacts of MaaS$, like social inclusion, user experience, community impact, behavioral
change, innovative solutions and flexibility. Chapter 6 illustrates different optimization strate-
gies for urban shuttle services. Here we compare a greedy heuristic with a novel algorithm
formalized through mixed-integer linear programming. Lastly, Chapter 7 offers concluding

remarks and a brief discussion on the future directions.



Motivations

Understanding the rationale for measuring KPIs and KVIs in the Maa$ architecture is essen-
tial given the rapid advancement of urban mobility. These reasons go beyond straightforward
technical ones and represent more general goals like increasing social justice, encouraging sus-
tainable development, and improving policy efficacy. This chapter begins by exploring the
historical underpinnings that have shaped the evolution of Maa$, oftering vital context for un-
derstanding its progress. After that, it looks at the underlying motivations, emphasizing the
need to strike a careful balance between quantitative metrics and qualitative values. Lastly, spe-
cial attention is placed on the peculiar circumstances surrounding smart cities and the environ-
mental imperatives propelling the development of MaaS. We can better appreciate how KPIs
and KVTs fit with the overarching objectives of developing more sustainable, fair, and effective

urban settings by being aware of these variables.

2.1 HISTORICAL FOUNDATIONS IN MAAS

For a number of decades, a major focus of both urban planning and logistics management
has been the movement toward more environmentally friendly and effective transportation
networks. Due to this requirement, a number of vehicle routing issues and their solutions
have been developed, laying the groundwork for modern Maa$ techniques. Maa$ has its roots
in the early work on vehicle route optimization, starting with the Vehicle Routing Problem

(VRP). Introduced by Dantzig and Ramser in 1959 as the “Truck Dispatching Problem” [17],



that may be considered as the generalization of the Travelling-Salesman Problem (TSP). The
VRP’s primary goal was to minimize the operating expenses associated with delivering prod-
ucts. However, as the issue developed, further limitations and goals were added, such lessening
the influence on the environment, boosting consumer pleasure, and strengthening service de-
pendability. These advancements influenced not just the manner that contemporary Maa$S

platforms handle transportation but also set important technological benchmarks.

MaaS solutions are fundamentally a merging of various routing problems like VRP, the Ori-
enteering Problem (OP), the School Bus Routing Problem (SBRP), and the Dial-a-Ride Prob-
lem (DARP). Every one of these problems conveys different aspects of routing challenges, from
optimizing delivery routes under time constraints to managing on-demand, real-time trans-

portation services.

Metrics like route efficiency, customer happiness, service dependability, and environmental
effect are examples of KPIs in the context of Maa$S and have their origins in the original VRP and
its variations. For example, the multi-vehicle routing methods presented by Clarke and Wright
in 1964 [32] directly informs the sort of efficiency KPIs required in MaaS$, where various modes

of transport must be coordinated flawlessly.

The term “Orienteering Problem” was first introduced by Golden et al. in 1987 [9]. To
maximize the overall score gathered from the visited (chosen) nodes, it entails choosing nodes
and figuring out the shortest path between them. In this case, a limited time budget prevents
visiting every reachable node. As a result, the Knapsack Problem and the TSP are two well-

known combinatorial problems that are combined to form the OP.

Furthermore, modern Maa$ systems benefit from the developments in real-time dynamic
routing, such as the Real-Time Vehicle Routing Problem (RTVRP). This has facilitated the
creation of KPIs that track real-time system responsiveness, adaptability to traffic conditions,
and dynamic demand management, which are essential for maintaining a high level of service

quality in an on-demand environment.

By tracing the development of routing problems such as VRP, OP, SBRP, DARP, and
RTVRP, we gain a deeper understanding of the challenges and opportunities that Maa$S presents.
These historical perspectives are instrumental in pinpointing key areas where KPIs and KVIs
can be eftectively manipulated to ensure Maa$ solutions achieve not just operational efficiency

but also substantial user value.



2.2 THE BALANCE BETWEEN QUANTITATIVE METRICS AND

QUALITATIVE VALUES

First, the efficacy of the laws and rules governing MaaS$ is critical to its successful implementa-
tion. Evaluating whether these policies are successful and theoretically sound in the real world
is one of the main reasons for doing this examination. Indeed, KPIs are used as a common in-
strument to assess how well Maa$ projects are doing. These metrics offer a quantitative assess-
ment of a number of variables, including operational effectiveness, user adoption, and service
dependability. However, there’s more at play here than just keeping tabs on the figures. En-
suring that these KPIs are relevant, all-inclusive, and accurately represent the broad objectives
of MaaS$, including minimizing carbon emissions and traffic congestion, is the main concern.
Ensuring that these KPIs are precisely defined and consistently used in many situations, such
as smart cities, is the difficulty, and hence the driving force. This calls for a critical evaluation
of the current KPIs, the identification of any weaknesses or potential shortfalls, and the pro-
posal of improvements that are in line with the changing requirements of urban mobility. For
this reason, we will examine KPIs in detail in Chapter 4. However, it is important to recog-
nize that KPIs have intrinsic limits in spite of their critical role in offering quantifiable insights
into Maa$ effectiveness. Not every facet of smart city development and urban mobility can
be fully encapsulated in data and quantitative analysis. This brings us to the concept of KVIs,
which represent qualitative aspects that are equally important in evaluating the success of Maa$S
initiatives. For instance, user experience is a crucial component that KPIs might not be able to
adequately measure. The motivation here is to advocate for a balanced approach that integrates
both KPIs and KVIs. While KPIs offer the necessary quantitative benchmarks, KVIs ensure
that the evaluation process remains aligned with the core values of society. This dual strategy
allows for a more comprehensive assessment, capturing both the measurable outcomes and the

qualitative benefits that define the success of MaaS$ initiatives.

2.3 THE CONTEXT OF SMART CITIES

The identification that smart cities are not homogeneous and that they vary significantly in
terms of size, basis, population density, and socio-economic states is, first and foremost, a key
motivation for the clarification of KPIs and KVIs inside the Maa$S background. This contextu-

alization is necessary to ensure that the indicators used are not only pertinent but also adaptable



to the dynamic and multifaceted nature of urban environments. Smart cities represent com-
plex ecosystems where technology, policy, and community interests converge. Besides, as new
technology, practices, and social dynamics emerge throughout time, smart cities continue to
evolve. The incentive here is to ensure that the KPIs and KVIs used are not static but are contin-
uously reviewed and updated to reflect these alterations. In order to improve the indicators and
make them more receptive to the demands of the city and its citizens, this compromises the in-
clusion of new data sources, such as user assessment and real-time mobility data. Furthermore,
another main contextual contemplation is the role of fairness and inclusivity in smart city de-
velopment. More focus is being placed on making sure that all citizens benefit from technology
advancements, particularly those pertaining to mobility, as cities strive to become smarter. En-
couraging KPIs and KVTs that reflect not just overall performance but also benefit distribution
across various social groups is the goal here. Creating metrics to assess the availability of Maa$S
services in underserved sections of the city or their accessibility for low-income citizens may be
necessary to achieve this. Specifically, that is covered in Chapter s.

Last but not least, integrating MaaS with the broader smart city ecosystem is an important
consideration. MaaS$ is interconnected with other elements of urban infrastructure, including
electricity grids, communication networks, and city planning systems; it does not function in
an isolated space. Creating KPIs and KVIs that represent these interdependencies is the driving
force behind this, since it guarantees that Maa$ helps to the universal efficiency, sustainability,

and resilience of the smart city.

2.3.1 THE EMERGING NEED FOR FAIR SERVICES

In the context of mobility services, fairness refers to the idea that people from different demo-
graphic groups should have equal access to resources, such as shared bikes or scooters. This
belief stems from the universal idea of group fairness in machine learning by Dwork et al in
2012 [21], which aims to ensure that both advantaged and disadvantaged groups receive simi-
lar predicted results. In the context of transportation, this idea agrees with the notion of vertical
equity, which suggests that policies should be designed to be in favor of disadvantaged groups
(Delbosc and Currie, 2011) [52]. Vertical equity is focused on redistributing resources to help
those with fewer advantages, ensuring that they have better access to essential services, includ-
ing transportation. The uneven distribution of micromobility services poses significant obsta-
cles for underprivileged populations. According to research, Micromobility Sharing Systems

(MSS) are more common in affluent, central locations, whereas access is restricted in impov-



erished, suburban places. As a result, those living in underprivileged areas, who stand to gain
the most from accessible transportation, are frequently left out. Furthermore, financial obsta-
cles like expensive subscription fees make social exclusion worse. Fairness in MSS is necessary
since mobility inequity has larger societal ramifications. Inadequate access to transportation
can prevent people from getting essential services like work, education, and healthcare, which
can prolong cycles of poverty and social isolation. Demographic considerations exacerbate this
problem even further because minority populations and disadvantaged areas often overlap, ex-
acerbating racial and socioeconomic marginalization. In order to address fairness in MSS, a
fundamental change in design and operation is necessary, not only a readjustment of vehicle
availability. This is akin to machine learning fairness issues, where biased datasets provide dif-
ferent results. Even though this method is less economical, MSS operators must give priority to
spatial fairness in order to guarantee that shared cars are available in every area. Ultimately, the
growing public desire for inclusion in urban transportation is reflected in the need for equitable
services. Finding a balance between efficiency and justice will be critical as MSS become more
and more important for cities. Realizing the full potential of MSS will depend on making sure

that these services are available to everyone, not just a select few with privileged access [13].

2.4 ENVIRONMENTAL MOTIVATIONS FOR MAAS ADOPTION

The pressing need to discuss environmental issues, especially those related to excessive green-
house gas (GHG) emissions, is driving the development of Maa$S. The transportation industry
is a major contributor to world emissions, with road transport alone accounting for 11.9% of
global GHG emissions, according to Marco Giusti’s “L’urgenza di agire” [33]. This significant
environmental impact emphasizes how urgently structural adjustments to the optimization
and management of urban transportation are needed.

Current consumption habits have created a worldwide ecological imbalance, which is one
of the strongest arguments for acquiring MaaS. The rate at which our earth is depleting its
resources is 1.7 times faster than its capacity for sustainable regeneration. Action must be taken
right now to curb this abuse, particularly in industries with the potential to reduce emissions
like transportation.

However, increasing vehicle economy alone is insufficient. Increases in energy efficiency,
such those found in more efficient diesel engines, can paradoxically result in higher overall en-
ergy consumption, as the Jevons Paradox [2] illustrates (see Subsection 2.4.1). This occurs be-

cause these developments may make it feasible to manufacture bigger, more energy-intensive



automobiles, such as SUVs, which would counteract the advantages of higher efficiency. Be-
cause of this, Maa$S advocates for systemic changes in travel behaviors, such as supporting pub-
lic transit, carpooling, and remote work, in addition to technical advancements.

A variety of deliberate actions are required in order to minimize emissions successfully. These
include promoting electric cars (EVs) and quickly phase-out of gasoline and diesel automobiles.
Transportation electrification offers the potential to cut energy use by up to 75%, but this trans-
formation requires proper planning. For example, strategic placement of EV charging stations
and deliberate urban planning are essential to avoiding traffic jams and guaranteeing effective
resource use. Since the current rate of EV adoption is not fast enough to fulfill global climate
targets, legislative action is required to hasten the replacement of internal combustion engine
cars. In this case, MaaS may act as a change agent by providing a viable substitute for traditional
automobile ownership and encouraging the use of greener modes of transportation. In conclu-
sion, creating a more environmentally friendly and effective urban transportation system is a
major reason for implementing MaaS. This necessitates gauging the success of Maa$ efforts
using KPIs and KVIs. KPIs offer measurable criteria for assessing the effectiveness of MaaS,
like decreased emissions, greater usage of public transportation, and overall energy efficiency.
KVIs, meanwhile, make sure that the assessment procedure stays in line with the larger social
principles, such inclusion and equity.

There is a clear worldwide need to incorporate Maa$ into everyday life. However, it is as im-
portant to guarantee that the laws and rules governing MaaS$ are faithfully upheld. This means
that in order to ensure that Maa$ not only contributes to reducing environmental impact but

also aligns with and advances the broader objectives of sustainable urban development.

2.4.1 THE JEVONS’ PARADOX

Jevons’ Paradox investigates the paradoxical link between efficiency gains in technology, espe-
cially in the use of materials and energy, and their usually unanticipated side effects. Efficiency
is a notion that quantifies how well resources are employed to get a certain result. In contempo-
rary circumstances, efficiency is typically discussed in relation to lowering energy consumption
or pollution. As an illustration, increasing energy efficiency may help lessen the impact on the
environment by requiring less energy to produce the same amount of output. Intensity is the
opposite concept of efficiency [70]. The intensity of energy usage can be determined, for ex-
ample, by measuring the amount of energy consumed per unit of output. Greater efficiency is

correlated with lower intensity.

I0



The English economist named William Stanley Jevons detailed this conundrum in detail in
1865. “The Coal Question” is the title of his book [42]. Contrary to popular belief, Jevons
observed that increasing the efficiency of coal utilization preferred to lead to a paradoxical rise
in coal use rather than a decrease in total coal consumption. This is because higher efficiency
led to lower costs and easier access to coal, which in turn drove up demand for coal-powered
technology and industries.

The paradox can be split into three steps:

* First of all, advances in technology reduce the amount of energy or resources needed
to get the same result. There is a chance for large savings as a result. Efficiency usually
results in lower costs associated with the use of a certain resource or technology. There-
fore, because these advancements reduce the cost of production, the finished goods or
services are more affordable. Costs are coming down, which raises demand and increases
consumption.

* In certain cases, this can potentially negate the energy savings that the original efficiency
boost produced. This is known as the “rebound eftect”. This effect occurs in two ways:
first, the direct rebound effect refers to the increase in consumption of the particular
product that has become more efficient, such as driving a car that uses less fuel; second,
the indirect rebound effect describes how savings from using one product can be used
to purchase other goods and services, which increases overall economic consumption.

* In certain instances, when the rebound effect is especially powerful, universal consump-
tion not only doesn’t fall but rather rises above the pre-efficiency adoption levels. The
boomerang eftect or backfire are terms used to describe this phenomena. The main
premise behind the Jevons’ Paradox is that higher efficiency in the use of coal actually
leads to increased profitability and increased industrial capacity, which in turn increases
the use of coal.

Although Jevons developed his case in relation to coal, it is applicable to a variety of resource
uses. Jevons said that increases in income and population were made possible by technical ad-
vancements. This brings us to the paradox: the world might not be able to maintain as many
people or be as wealthy if we hadn’t increased efficiency, yet since we did, we now utilize con-
siderably more resources.

Certain opponents point out that as technology advances, costs drop, which might reduce
overall consumption. Jevons counters that individuals frequently end up utilizing more of a
resource when prices decline. It seems like more people would drive if fuel were more affordable.

Reducing consumption doesn’t always come from efficiency alone. Jevons further illustrated
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hisidea using the example of labor efficiency. Although the introduction of machines enhanced
worker productivity, they frequently raised demand for labor since more people could now buy
the products, rather than decreasing the need for labor. Similarly, increased energy efficiency
results in increased energy consumption rather than decreased energy consumption.

Furthermore, discussions concerning sustainability and energy efficiency, in particular, still
make Jevons’ Paradox important. There are others who contend that enhancing energy effi-
ciency will lessen our ecological footprint. However, if Jevons is correct, efficiency may not be
beneficial as it promotes more consumption. Instead, it could be required to directly regulate
consumption by measures like rationing, limitations on the extraction and use of resources, or
emissions. Efficiency and adaptability must coexist in balance for human growth to be sustain-
able and to prevent advancements in one from undermining advancements in the other. A
deeper comprehension of the interactions between various forms of efficiency and adaptation,
as well as deliberate policy decisions, are necessary to achieve this balance in order to solve the
long-term problems of sustainability.

Jevons concluded, at last, that population expansion and consumption are driven by tech-
nical advancements, especially energy efficiency, which exacerbates environmental stress. In
order to keep consumption in control, we need harsher restrictions like rationing or resource
usage limits. In order to combat the Jevons Paradox, it could be necessary to utilize other mea-

sures, such taxes or higher expenses or design incentives based on specific KPIs and KVIs.
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European and Italian legislation about Maa$

This chapter looks at how changing legal frameworks in Italy and Europe are affecting the cre-
ation and use of MaaS. Now that we have established the fundamental effects of transportation
on the environment, significant initiatives such as the European Green Deal and the Net Zero
Emissions commitment are essential milestones in combating global warming and promoting
sustainable development. These initiatives show how crucial it is to include MaaS$ into more
comprehensive environmental strategies in order to guarantee a future of transportation that is
both efficient and ecologically benign. These landmark agreements highlight the urgent need
for environmentally conscious integrated mobility solutions that support ambitious targets,
opening the door for the creation of practical KPIs and KVIs that are critical to MaaS$ suc-
cess. In order to make the European Union the first continent to achieve carbon neutrality
by 2050, the European Commission unveiled the European Green Deal, an innovative action
plan. Numerous initiatives are included in this extensive plan with the goals of lowering green-
house gas emissions, encouraging sustainable growth, and protecting the environment. One
of its main objectives is to decarbonize the transportation industry, which is a major source of
carbon emissions. Maas$ is crucial to achieving this goal because of its capacity to decrease re-
liance on personal automobiles, cut emissions, and improve transport networks. Furthermore,
this commitment is extended internationally by the Net Zero Emissions target, which high-
lights the need for all industries, including transportation, to achieve net-zero greenhouse gas
emissions by the middle of the century. Innovative technologies like Maa$ need both a strong

legislative framework and supporting policies in order to achieve these ambitious goals. The
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development and deployment of KPIs to assess how well Maa$S laws are being applied, as well
as KVIs to strike a balance between these quantitative measurements and the qualitative ideals
that MaaS$ seeks to advance, should be part of this framework.

This chapter will look into how laws in Europe and Italy are changing to facilitate the pro-
duction of these meaningful measures and the integration of Maa$S. This chapter attempts to
provide a comprehensive picture of how regulatory frameworks are being built to ensure Maa$S
contributes effectively to a sustainable and efficient transportation future by integrating the

reasons behind Maa$S with the legislative efforts to establish and execute KPIs and KVIs.

3.1 EU LEGISLATION

The relevant EU legislation will be examined in this section, with particular attention paid
to important points like the function of the Directorate-General for Mobility and Transport,
the Directive 2010/40/EU on the framework for the deployment of ITS, and the important
mobility-related communication from the European Commission. This research will offer a
thorough grasp of how European directives and policies influence the creation and use of Maa$S

in each member state.

3.1.1 DG MOVE

Developing mobility and transport policy for the European Union is the responsibility of the
Directorate-General for Mobility and Transport (DG MOVE) [64]. Nearly all European
Union Member States, the European Parliament, European business, citizens, social partners,
and other stakeholders are involved in DG MOVE’s activity. The International Maritime Or-
ganization (IMO) and the International Civil Aviation Organization (ICAQ) are two interna-
tional organizations with which it collaborates. Five of the six Commission headline aspirations
outlined by President von der Leyen in her Political Guidelines are addressed by DG MOVE
in the investigation to guarantee that transportation in Europe is sustainable, safe, smart, de-
pendable, efficient, and affordable: European Green Deal: a digitally-savvy Europe, a people-
centered economy, a more powerful Europe globally, advocating our European way of life.

To advance its policies and achieve its specific goals, a number of indicators are outlined in

the annex.

The key performance indicators include:
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1. the term “Share of CEF Transport investment in sustainable modes” alludes to the per-
centage of funds allocated by Connecting Europe Facility (CEF) for Transport that are
invested in sustainable transportation methods. The point is to carry environmentally-
friendly transport solutions, promote healthier and cleaner mobility options, and in-
crease the use of sustainable fuels across difterent transport modes in Europe and glob-

ally.

2. The rate at which new transportation rules and regulations are enacted and put into
effect is known as the “transposition rate”. The objective is to establish a well-run trans-
portation sector with uniformly enforced regulations that promotes economic recovery.

3. Estimated risk at closure: this entails making sure that initiatives are adequately funded.
They will oversee budget execution, arrange required funding, and guarantee adherence
to financial regulations. The VIGIE system will assist in monitoring budget use through-
out the year and providing management and pertinent authorities with financial perfor-
mance reports.

3.1.2 DIRECTIVE 2010/40/EU

The European Parliament’s Directive 2010/40/EU is utilized to facilitate the implementation
of intelligent transport systems (I'TS) in road transportation and to facilitate interactions with
other modes of transportation [26]. To ensure optimal performance and efficiency, it is crucial
to consider certain fundamental principles while formulating regulations and selecting technol-
ogy for ITS. The following guidelines can also be used as KPIs and KVIs to assess how well ITS

deployments are doing.

* Effectiveness: the main transportation issues facing Europe should be heavily discussed
in ITS initiatives. These issues include minimizing traffic jams, cutting emissions, step-
ping up energy conservation, and improving safety, especially for vulnerable road users.

* Cost-efliciency: by weighing the expenses against the goals and advantages, ITS solu-
tions should be disposed of in a way that maximizes return on investment.

* Proportionality: services must to be designed to offer different deployment and quality
levels according to particular local, regional, national, and European demands.

* Service continuity: in order to meet the various requirements of the transport networks
thatlink nations, regions, and cities, I'TS must guarantee uniform service throughout the
European Union, especially on the trans-European network and its external borders.
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* Interoperability: systems must be built to efficiently share and exchange data in order to
guarantee smooth service delivery across various I'TS platforms.

* Backward compatibility: new ITS systems must be able to work seamlessly with pre-
existing, similarly-purposed systems without impeding technical progress.

* Respect for current infrastructure: when implementing I'TS, countries should take into
account the features of their current transportation networks, such as traffic patterns
and meteorological conditions.

* Equality of access: I'TS services ought to be freely available to all users, even those who
utilize the roads more vulnerably.

* Maturity: after a careful risk assessment, innovative I'TS systems must show resilience
and dependability through sufficient technological advancement and practical applica-
tion.

* Timing and positioning quality: to guarantee accuracy and dependability, I'TS applica-
tions needing accurate timing and positioning should make use of satellite-based tech-
nologies or comparable systems.

* Intermodality facilitation: to improve overall transportation efficiency, ITS should fa-
cilitate the coordination of various modes of transportation when appropriate.

* Respect for coherence: new advancements in I'TS should be in line with current regula-
tions, policies, and standardization initiatives of the European Union.

3.1.3 COMMUNICATION FROM THE EUROPEAN COMMISSION

“Sustainable and Smart Mobility Strategy — Putting European Transport on Track for the Fu-
ture” [14] isacommunication from the Commission to the European Parliament, the Council,
and the European Economic and Social Committee of the Regions.

The main goal of the European Commission’s 2030 and beyond plan is to transform the
transportation industry to make it healthier, more intelligent, and environmentally friendly. It

outlines many crucial tactics intended to accomplish the next objectives.

* Multimodal system: the goal of a multimodal system is to create a superior transporta-
tion network thatlinks clean aircraft, high-speed rail, and other environmentally friendly
choices. Digital solutions will be pushed to validate smooth multimodal transportation
and shared mobility services in order to achieve this. The extension of contemporary
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mobility systems will be facilitated by the integration of Connected, Cooperative, and
Automated Mobility (CCAM) technologies. Furthermore, to make travel simpler and
more effective for all users, efforts will be directed at improving multimodal travel infor-
mation, ticket types, and payment methods.

Eco-friendly mobility: the EU calls for the promotion of sustainable city mobility plans
that prioritize the expansion of bicycle infrastructure and the accomplishment of zero-
emission targets. This undermines the promotion of freight solutions with zero emis-
sions, such automated delivery and cargo bikes. Furthermore, in an effort to promote
more environmentally friendly choices among the general public and corporate sector,
the European Union will make transparent the environmental effects of various trans-
portation options.

Modal shift: in order to improve efhiciency and sustainability in the transportation sec-
tor, a sizable amount of road freight is directed toward rail and inland waterways. Re-
designing the intermodal transport framework will be necessary to better integrate vari-
ous forms of transportation, resulting in more seamless transitions and improved logis-
tics chain efficiency.

Smart solutions: in order to guarantee smooth, safe, and effective mobility, the EU in-
tends to make use of digital solutions and ITS. This involves promoting cutting-edge mo-
bility innovations including electric transportation options, driverless cars, and drones.
There will be an agile regulatory structure in place to facilitate experimentation and in-
novation. Important EU financing initiatives like Digital Europe and Horizon Europe
will be crucial in advancing sustainable technology research and application. AI and
5G-enabled enhanced digital infrastructure are essential to the development of trans-
portation networks. The availability of data and a strong digital infrastructure will be
the main priorities. With a focus on privacy and competitiveness, a common mobility
data area for Europe will be developed to facilitate data exchange and improve mobility
services.

Aftordability and accessibility: itis important to draw attention to the high cost of trans-
portation, especially for the poor, the disabled, and those living in rural areas. It is criti-
cal to enhance working conditions in the transportation sector and extend public transit
connections to rural and impoverished areas in order to mitigate labor shortages exacer-
bated by the COVID-19 pandemic. Maintaining social standards and promoting moral
work practices are also essential for all modes of transportation. It is also crucial to sup-
port gender equality, the inclusion of individuals with disabilities in transportation laws,
and the rise in the number of women working in the transportation sector in order to
create a more fair and inclusive transportation system.

Safety and security: keeping the EU at the forefront of transportation safety and aiming
for zero deaths are top goals. This entails tackling important traffic safety concerns in-
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cluding intoxication, speeding, and distracted driving. To combat cyber threats, strength-
ening the security framework is also crucial. Improving cybersecurity legislation and
looking into possibilities for quick alert systems at the EU level are crucial steps in pro-
tecting the transportation industry.

3.1.4 CONDUITS

The Coordination of Network Descriptors for Urban Intelligent Transport Systems’ insti-

tuted the report “Key Performance Indicators for Traffic Management and Intelligent Trans-

port Systems”, which aims to generate a unified evaluation framework for measuring the suc-

cessfulness of traffic administration and I'TS through a detailed set of KPIs [39]. This project,

which lasted from May 2009 to June 2011, was funded by the 7 Framework Program of the

European Commission’s Directorate-General for Mobility and Transport. The KPIsand KVTs

are arranged into four main categories: traffic efficiency, traffic safety, pollution reduction, and

social inclusion and land use.

Traffic efficiency is divided into four subcategories:

Mobility index: measures the average travel time to various destinations within highway
and public transport networks, normalized by the distance to those destinations.

Reliability index: focuses on system efficiency from the perspective of service providers,
emphasizing efforts to reduce congestion and enhance mobility.

Operational efficiency index: assesses how well resources are organized to produce an
acceptable level of transport output.

System condition and performance index: evaluates the physical condition of transport
infrastructure and equipment. It may focus on the condition of the system itself (e.g.,
roadways with poor ride quality) or on the efficiency of transport programs (e.g., the cost
of maintaining roadways). Common metrics include the condition and age of roadways
and bridges, as well as maintenance by their managing organizations.

Traffic safety is divided into six subcategories:

"The CONDUITS project is dedicated to developing Key Performance and Value Indicators that support Eu-
ropean municipalities in making well-informed decisions regarding I'TS projects. It also encourages the exchange

of best practices among municipalities based on their involvement with ITS.
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* Traffic accidentindex: evaluates the safety level of a transport network. Over the decades,
avastness of measures have been instituted to reduce traffic accidents, including in-vehicle
features (seatbelts, airbags, etc.) and on-road engineering results (pedestrian crossings,
traffic calming measures). ITS plays a significant part in both areas (e.g., collision con-
trol, variable speed warning signs).

* Applications with direct safety impact index: measures the number of system interven-
tions, with a higher number indicating a lower safety level due to more frequent interac-
tions between road users that could lead to critical situations or accidents.

* Applications with indirect safety impact in urban environments index: focuses on re-
ducing or avoiding situations with negative impacts, including safety. In complex urban
environments, it is challenging to attribute safety impacts solely to traffic management

and I'TS applications.

* Applications with indirect safety impact on urban motorways index: targets traffic man-
agement and ITS applications that harmonize traffic and prevent congestion on urban
motorways. While these measures generally improve safety by stabilizing traffic condi-
tions, there are cases where safety might decrease due to conflicts with fixed system com-
ponents (e.g., the use of the hard shoulder at motorway intersections).

* Car-to-infrastructure communication-related applications index: assesses systems that
directly warn drivers of dangerous situations. These warnings, provided by the infras-
tructure operator, can be either link-based (e.g., warning of congestion, accidents, or
weather conditions) or junction-based (e.g., warning of possible conflicts or red-light
violations).

* Total trafhic safety index: provides a comprehensive assessment of safety-related perfor-
mance across various application categories. This differentiation is crucial for experts
and policymakers, as it allows for targeted evaluations of the systems.

Pollution reduction is categorized into three subgroups:

* Emissions from motor vehicles index: reflects the impact of traffic management and
ITS on vehicle fleet emissions, typically influenced by changes in traffic conditions and
driving routes. Traffic conditions are often described by a typical driving cycle, which in-
cludes factors such as average speed, maximum speed, number of stops, and maximum
acceleration/deceleration. Driving route parameters include length and topography.

* Emissions from electric vehicles index: special considerations are required when assess-
ing the impact of EVs on total fleet emissions. While EVs have zero tailpipe emissions,
they may affect urban air quality due to increased emissions from electricity production.
However, if the number of EVs in the fleet is minimal, their impact on emissions can be

considered negligible.
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* Total pollution reduction index: aggregates emissions data from the vehicle fleet before
and after the implementation of traffic management or ITS measures to provide a syn-
thetic indicator of pollution reduction. This index serves as a tool for evaluating the
environmental impact of different solutions.

Social inclusion and land use indices are divided into four subcategories:

* Accessibility index: assesses the spatial accessibility of activities by calculating the oppor-
tunities for specific activities reachable from a given zone using a particular transport
mode. This method relies on predefined spatial zones, their structural data, and the
quality of the transport system.

* Social mobility of special groups index: focuses on improving mobility for specific pop-
ulation groups, such as people with disabilities, the elderly, and the economically dis-
advantaged. The goal is to enhance their mobility options, creating a more inclusive
transport system where all citizens have similar mobility patterns on average.

* Public transport usage of special groups index: measures the effectiveness of traffic man-
agement and ITS applications in empowering special population groups, particularly
those with mobility impairments, to use public transport. Unlike the general popula-
tion, these groups have different modal choices, so the assessment compares potential
public transport demand with actual usage.

* Land use index: evaluates the impact of traffic management and ITS on land use, ac-
knowledging the different reaction times of both elements. While traffic management
and I'TS seek short-term improvements, land use changes occur over the long term. Some
applications aim to enhance existing infrastructure, potentially reducing the need for
new developments. This index demonstrates the proportionality of the covered area at
a macroscopic level.

3.2 ITALIAN LEGISLATION

We will look at how Maa$ and the creation of KPIs and KVIs are addressed by Italian law in
this part. We will specifically look at important projects like the “Maas$ for Italy” project, the
“Towards a New Model of Local Sustainable Mobility” study, and a thorough examination of
the “National Shared Mobility Observatory”. The way Italy approaches Maa$ closely follows
European guidelines. For example, the “MaaS$ for Italy” program aims to improve accessibility

and efficiency of transportation by integrating various mobility services onto a single platform.
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In order to improve city mobility and inform policy choices, the National Shared Mobility
Observatory collects and analyzes data, which is a crucial component of this endeavor.
However, Italy has to make the best use of its financial resources if it is to achieve the full
potential of these projects. By doing this, the nation can ensure that MaaS$ initiatives provide
the greatest possible benefits to society and the environment by stepping up their practical im-
plementation. This will call for a coordinated approach that takes into account the demands
for infrastructure and technology while also promoting cooperation between public and com-

mercial partners in order to create a more integrated and sustainable transportation system.

3.2.1 MAAS FOR ITALY

The National Recovery and Resilience Plan (PNRR ) sub-Investment 1.4.6 was introduced in
2021 by the Ministry for Technological Innovation and Digital Transition (MITD), in collab-
oration with the Department for Digital Transformation (DTD), the Presidency of the Coun-
cil of Ministers, and the Ministry of Infrastructure and Sustainable Mobility (MIMS). This
project, called “Mobility as a Service for Italy”, is funded by the European Union under the
Next Generation EU program and is a component of Mission 1-Component 1 of the PNRR.
The strategy is to provide fresh mobility services based on the MaaS$ architecture [61]. Another
key player in the context of Maa$ is the MOST (Centro Nazionale per la Mobilita Sostenibile),
which aims to advance sustainable mobility solutions in Italy.

Alongside the project’s detailed description, including the application architecture, mission,
and development of pilot projects, the initiative aims to refine and test the project by formulat-

ing and applying certain KPIs. These indicators were designed to measure

* the effectiveness of the data sharing and service repository facilities;
* the scope and completeness of the technological advancement within MaaS;

* the estimation of the effectiveness, efficiency, and quality of the transport system result-
ing from the specific Maa$S experiments implemented;

* the evaluation of the socio-economic effects resulting from the specific Maa$S experi-
ments implemented;

* the analysis of the cultural and behavioral impact (habits and attitudes) resulting from
the introduction of the specific Maa$ experiments implemented;

* arate of the expected environmental impact;
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* an assessment of the expected energy impact.

As we can see, Italian Maa$ law continues to place insufficient emphasis on KVIs. Acknowl-
edging the significance of benefits to society, this thesis seeks to define shared values in detail,
emphasizing the necessity of KVIs in addition to KPIs. For a comprehensive explanation of

KVIs, see the chapter s.

3.2.2 TOWARDS A NEW MODEL OF LOCAL SUSTAINABLE MOBILITY

The present situation of local transportation in Italy is described in the MIMS study “Verso
un nuovo modello di mobilita locale sostenibile” [19]. Itlooks at communal and public trans-
portation systems, provides a number of steps to accomplish these goals, and suggests possi-
ble benchmarks for measuring and evaluating public investments and reform programs. The
goal is to improve local mobility in Italy in a way that is sustainable from an economic, social,
and environmental standpoint. Modernizing the local transportation network requires a ro-
bust public transportation system. The report contains a number of KPIs pertaining to public
transportation. Both governmental and private operators in charge of local transportation can
work together more successfully to decide on the best course of action by setting quantifiable
objectives. This strategy will help align Italy with European standards and fulfill the sustainable
development goals described in international agreements.

One of the tables presented in the report lists the following indicators:

* Travel times and congestion indices: commute times for work-related travel in metropoli-
tan areas should decrease by 1%, with the goal of nearly eliminating commutes longer
than one hour. Additionally, congestion indices, such as hours lost in traffic per capita,

should be reduced by 5%.

* Ratio of revenues (or passengers) to public costs: efficiency optimizations should also
apply to service management, with a rise in the revenue-to-cost ratio, particularly for
areas starting from lower levels (below 35%).

* Public transportation accessibility indices: in 2019, more than 1.2% of Italian families
reported having substantial trouble using the system, with rates significantly higher in
cities, especially in the suburbs, than in major European nations (about0.3%). Reducing
the proportion of individuals experiencing access issues by around o. 5 percentage points
might lead to the objective of halving this difference. Reducing architectural and other
barriers for vulnerable and underprivileged groups should be a priority in the ongoing
efforts to increase accessibility.
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* Objective quality metrics and satisfaction indices: in addition to enhancing accessibility,
public transportation services should be of a higher caliber. This may be accomplished
by encouraging the broad use of modern technologies, such as electronic ticketing and
infomobility systems, which should cover at least all provincial capitals and cities with
populations over 100,000, and completely replacing the most polluting cars (those that
tall short of Euro 5 requirements). Furthermore, the objective is to cut in half the difter-
ence between Italy and the most developed European nations in the proportion of the
population that expresses dissatisfaction with local public transportation in relation to
service frequency and punctuality, vehicle and stop comfort, intermodal connectivity,
commercial speed, service cost, and other aspects.

* The proportion of sustainable mobility and motorization rates: it is crucial to consider
that Italy has a five percentage point higher private car usage rate than the average of ma-
jor European cities when establishing goals. It is reasonable to strive for a 10 percentage
point modal shift towards sustainable transportation by 2030, considering the growth of
shared mobility, the construction of bike lanes, and the extension of tram and metro net-
works. A decrease in the motorization rate to align it with other top European nations
should go hand in hand with this objective. Compared to France, Spain, and Germany,
Italy had 66 cars per 100 people in 2019, an increase of 18, 15, and 10 percentage points.
Reducing the dependence on road transportation and raising the number of seats avail-
able per square kilometer are two ways to meet these objectives on the supply side. Due
to both their growth and a decline in road transportation, the modal share of trams and
subways has increased by more than § percentage points during the last five years. The
objective may be to raise the total seat-kilometers provided by public transportation by
10% by 2030, in addition to increasing the modal share of trams and subways.

* Air quality indicators and CO2 emission levels: achieving these targets will significantly
reduce CO2 emissions and air pollution.

3.2.3 A NATIONAL SHARED MOBILITY OBSERVATORY

Launched in September 2015, the Ministry of Environment and Energy Security, the Ministry
of Infrastructure and Transport, and the Foundation for Sustainable Development all support
the Italian National Shared Mobility Observatory (INSMO). The effort aims to create a joint
platform that unites providers of shared mobility, public and corporate organizations, and the
academic community to oversee, facilitate, and promote the growth of shared mobility in Italy.

The National Report on Shared Mobility and other publications released throughout the

year, along with other documents, use the data gathered to create indicators, according to the
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document “Monitoring of Sharing Mobility Services - Definition, Classification, and Method-
ology of the National Shared Mobility Observatory” [58]. Using historical data, simple and
composite indicators are used to assess service performance at particular times or over long pe-
riods of time, as well as to look at shared mobility across different territorial levels (national,
regional, and local). Comparing other cities and services is also made possible by these met-
rics. Basic metrics (such the annual number of shared cars) aggregate information from several
cities and/or services to describe the industry’s present situation. Conversely, composite indi-
cators combine a number of characteristics to evaluate the effectiveness of a service and provide
operational insights.

Every year, the INSMO updates a number of important indicators and tracks how they
evolve over time. Reliable analysis requires that the definitions and measures of these indicators
remain consistent from year to year.

These metrics include the quantity of shared mobility services, which indicates the amount
of services that are available, and the kinds of services that are provided, which illustrates the
diversity of the industry. These services’ distribution and accessibility are shown by how they
arelocated throughoutItaly, broken down by city size and geographic region. Furthermore, the
overall fleet size and the degree of electric car acquisition may be inferred from the number of
shared vehicles as well as the percentage of electric vehicles. The fleet’s average vehicle weight,
expressed in kilos, provides details on the normal size of the vehicles in use. The number of
people signing up for shared mobility services indicates how engaged users are, and the age
and gender distribution of users’ demographic data offers a picture of the typical service user.
Patterns in usage may be found by combining the total number of trips made utilizing these
services with the breakdown of trips by distance and duration categories. Additionally, the
breakdown of failed trips by day of the week and time of day reveals the peak usage hours for
certain services. The fleet’s average age aids in assessing its overall health, and the distribution
of cars according to Euro emission standards shows how each vehicle affects the environment.
The distribution of fuel types across the car-sharing fleet illustrates the variety of fuels utilized,
while the average annual number of rentals per user indicates user activity. Furthermore, the
relatively low number of kilometers driven per year per car and the number of automobiles
per 1,000 people provide insights on the availability and use of vehicles worldwide. Lastly, a
more thorough knowledge of the consumers of these services is provided by the demographic

segmentation of users based on their age and gender.
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Key Performance Indicators

It is crucial to evaluate quantitatively the impact and effectiveness of Maa$S. Critical insights
into how MaaS$ alters mobility patterns, service consumption, environmental effect, and
economic viability are oftered by Key Performance Indicators (KPIs).

Firstly, this chapter will look at the many kinds of transportation that have developed over
time and how they might work together. We shall assess the average cost per trip or per user.
Then we are going to evaluate how these new and combined modes aftect the financial
performance of transport operators, including changes in revenue streams. Furthermore, we
shall analyze the environmental impact of these transportation modes, focusing on how they
contribute to or reduce emissions. Next, we shall explore strategies to ensure that
transportation systems remain efficient, optimizing routes and reducing delays. Afterwards,
we shall assess how well these modes provide access to various populations. Finally, we will
look at how cost-effective it is to run various transit systems, taking into account factors like

infrastructure, maintenance, and overall financial sustainability.

4.1 MobDAL SHARE

A crucial and commonly used KPI in the context of Maa$ is the modal share. This metric
computes the percentage distribution of various modes of transportation used in a given area,
whether it a city, region, or nation. Modal share sheds light on people’s travel preferences by

showing the relative usage of different modes of transportation, such as private vehicles,
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public transportation, bicycles, and walking. Various criteria can be taken into account in the
computation, including the percentage of travelers who use a certain mode, the number of
trips that are completed, and the distance that each mode covers [71].

The European Commission defines modal share as a critical metric for understanding how
various transport modes contribute to mobility and achieving sustainable transport

goals [27].

This KPI highlights the diverse distribution of transport modes within a given area and allows
for the identification of the most efficient and suitable transport mode for specific needs. The
most ‘competent’ modes for a given job may be identified by evaluating modal share, which
takes into consideration real boundary circumstances including transport volume, available

modes, capacity restrictions, demand regularity, and geography [75].

4.1.1 BENEFITS

Cities have started implementing modal share objectives in an effort to promote a more
sustainable and equitable mix of transportation alternatives in recent years. By doing so, they

aim to:

* encouraging the adoption of ecologically good transportation alternatives: reaching a
balanced modal share supports the adoption of environmentally friendly
transportation options, which improves air quality and lowers carbon emissions. Cities
may contribute to a cleaner and healthier urban environment by encouraging the use
of public transportation, bicycles, walking, and other sustainable modes [40].

* alleviating traffic congestion: redirecting a sizable portion of travels to public transit,
cycling, and walking can help reduce traffic congestion * The traffic congestion can be
calculated using a level of service rate, average traffic speed, and average congestion
delay compared with free-flowing traffic and improve bottleneck. These alternative
modes help reduce the number of vehicles on the road, easing traffic flow and
decreasing travel times. This reduction in congestion not only enhances the efficiency
of the overall transportation network but also leads to lower stress levels for commuters
and contributes to a more pleasant urban environment [54].

* decreasing energy usage: encouraging the use of non-motorized options, as electric
vehicles, and public transportation results in lower energy consumption and reduced
COz2 emissions. Even thought these options are not yet a global phenomenon.

"The extra expenses brought on by traffic congestion are known as road user interference’s effects. These
impacts are most significant down urban-peak circumstances when traffic volumes approach a road’s capacity. As
a result, there is less mobility and more stress on drivers, higher car expenses, and pollution.
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4.1.2 MEASUREMENT METHODOLOGIES

Effective mobility and transport planning necessitate an understanding of the current
situation and an analysis of travel characteristics, along with the absolute and relative
performance of various transport modes, such as passenger numbers, passenger kilometers,
and modal share percentages. To gather data on modal share it is also important to investigate
the types of transport modes utilized by passengers. Different modes of transportation are
included in the concept of “modal share”, such as road transportation, public transportation,
cycling, and bike-sharing programs. E-bikes have recently been added to the range of
transportation options for suburban and urban travel [s].

Besides, some companies have proposed shared dockless e-scooters as a new option for urban

mobility [37].

4.1.3 CHALLENGES

One of the main challenges is the lack of reliable data sources, regardless of whether the
analysis is conducted at the national, regional, or local level [75]. Because there are many
different types of data sources and their successful integration can be difficult to achieve,
collecting data across different modes of transportation accurately can be difficult. Data gaps
and discrepancies may result from inconsistent data collecting and reporting among various
areas and municipalities. Ensuring data accuracy and fair representation of each transport
mode presents another significant challenge. Different modes of transport have varying levels
of data availability and accuracy, which can distort the results. For instance, while road
transport data may be more readily accessible and precise, data on pedestrian and cycling
modes might be less comprehensive, potentially leading to an under-representation of these
modes in the modal share calculations.

Assessing the extent of walking as a significant mode of transport presents challenges and
raises methodological issues. Questions such as how to categorize walking as a distinct mode
of transport, given its integration with other modes during access and egress trips, remain
unresolved.

In addition, there is no universally accepted framework for addressing new and growing

transport modes like micro-mobility ?, electro-mobility, and shared mobility, which are

*In the ITF report “Safe Micromobility” (ITF, 2020) [31], micro-mobility is defined as: “the use of micro-
vehicles: vehicles with a mass of no more than 350 kg and a design speed no higher than 45 km/h. The vehicle’s
kinetic energy is limited by this definition to 27 kJ, which is 1oo times less than the kinetic energy that a small
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becoming increasingly important in urban transportation.

4.1.4 TECHNOLOGICAL TooLs

Technological progresses like mobile tracking apps, Geographic Information Systems (GIS) 3,
and big data analytics facilitate the collection and analysis of modal share data, providing
more accurate and real-time insights. In situations where more and more new devices have
their own data recording and processing systems, and moreover, they can communicate with
IT systems, which, in turn, can make the acquired information resources available to wide
area networks. This type of solutions is based, among others, on Internet of Things. In turn,
such solutions can be widely used in the implementation of the Smart City concept and, as a

consequence, in Smart Mobility.

4.1.5 FUTURE TRENDS

There are notable emerging trends in urban transportation, such as the increasing popularity
of e-mobility and the introduction of shared autonomous vehicles [83]. Understanding these
patterns is crucial for modifying policy to accommodate future transportation demands and
the modal share of these new modes of transportation. E-mobility is the use of EVs and other
electric-powered means of transportation. In order to optimize energy efficiency, it integrates
a variety of electric vehicles, such as automobiles, buses, and bikes, and it interacts with smart
power networks. Reduced running costs, more fuel-efhicient cars, and adherence to carbon
emission regulations are some advantages of e-mobility, all of which help to lower pollution
levels worldwide. Shared autonomous vehicles, or SAVs, are self-driving cars meant to be used
by several individuals. They do away with the necessity for individual car ownership. SAVs are
expected to transform urban transportation by providing effective, adaptable, and
environmentally friendly mobility options. They might reduce pollutants, relieve traffic
congestion, and improve the effectiveness of transportation as a whole. Significant

improvements in infrastructure, vehicle technology, and regulatory framework are necessary

automobile can achieve at its fastest speed.” Bicycles are a typical human-driven micro-vehicle, in addition to the
more recent electrically powered models like e-scooters and e-bikes.

3GIS is a technology that is used to create, manage, analyze, and map all types of data. GIS links information
to a map by fusing location data, which tells us where things are, with various kinds of descriptive information (
which tells us what those things look like ). This provides a foundation for mapping and research that is used in
almost all corporate and academic domains. Users may better grasp linkages, patterns, and spatial context with
the aid of GIS. The benefits include improved communication, efficiency, management, and decision-making.
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for the deployment of SAVs.*

4.1.6 CONSIDERATIONS

Environmental KPIs may benefit from a shift in mobility patterns toward more
environmentally friendly options like walking, bicycling, and public transportation, which
can reduce pollution and carbon emissions. A successtul modal shift can lead to improved
service quality and higher user satisfaction if public transport systems are enhanced to
accommodate increased demand efficiently. By lowering healthcare expenditures, increasing
quality of life, and improving public health outcomes, switching to active transportation
options like walking and cycling can have a favorable impact on KPIs that measure public
health and welfare. By giving marginalized groups more mobility alternatives and having an
influence on social equity KPIs, expanding access to reasonably priced and dependable public

transit can promote social equality.

4.2 VARIATION IN SERVICE UTILIZATION RATES DUE TO MAAS

Maa$ has combined several modes of transportation, including buses and trains, with shared
or private choices, like bike and vehicle sharing, into a single, easy-to-use system. Maa$S
streamlines the transportation process by enabling consumers to plan, schedule, and pay for
all of their travel requirements on a single platform. This convenience encourages more
people to use these integrated services, as they can easily compare options and choose the
most efficient mode of transport for each journey [72]. As a result, the introduction of Maa$S
has significantly increased the usage rates of various transportation services. In term, this
promotes a seamless travel experience, making it more appealing for people to rely on a mix of

transportation modes instead of solely using private cars.

4.2.1 IMPACT ON PUBLIC TRANSPORTATION

MaaS significantly influences public transportation by enhancing accessibility and user
experience. The Maa$ experience is delivered via applications, which centralize the booking
and payment process and give real-time data on schedules, route costs, car position and

availability, and traffic conditions. By integrating schedules, providing real-time updates, and

4ibidem
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streamlining payment processes, MaaS encourages greater use of buses, trains, and trams.
Furthermore, it can optimize routes based on demand, resulting in more efficient resource
allocation and potentially increased service frequency on high-demand routes. The
integration of real-time updates and payment processes makes public transport more reliable
and user-friendly, potentially increasing user satisfaction and ridership. Optimizing routes
based on demand ensures that resources are allocated efficiently, addressing peak times and
popular routes, which can enhance service frequency and reliability. Maa$S provides users
with simple access to a variety of mobility services, increasing their options and comfort levels.
It provides consolidated information about all mobility services, facilitating travel and
enabling users to choose their preferred mode of transportation with more ease, including

ticket purchases.

4.2.2 IMPACT ON RIDE-SHARING AND CAR-SHARING

MaaS$ provides useful substitutes for private vehicle ownership, which has impacted ride- and
car-sharing significantly. By consolidating several transportation providers into a single, easily
navigable platform, Maa$S promotes users to select shared mobility solutions. This
modification can mitigate the negative environmental consequences of traffic congestion by
lowering the number of private autos on the road. It can also encourage the shared economy
in transportation. Ride-sharing can be defined as the shared use of transport vehicles,
typically arranged dynamically and available on short notice, anywhere from a few hours to a
few minutes before departure. It is based on cost-sharing, where all participants share the
travel costs, ensuring that no one pays more than they would if traveling alone. Importantly,
the financial benefit for the driver is limited to less than the total travel costs to prevent the
service from being profit-driven. Ride-sharing often involves offering occasional rides over
short distances and includes participants who may not know each other beforehand [25].
The concept of shared vehicle use dates back to 1948 in Zurich, Switzerland, driven by
economic needs. However, early public car-sharing systems struggled to succeed. The 1980s
saw the emergence of a number of successful car-sharing programs, which gained popularity
in the early 1990s as a result of rising public awareness and the expansion of information and
communication technologies (ICT). The extensive use of mobile services in the 2000s fueled
these programs’ expansion even further. Community members’ mobility is increased by car
sharing, which gives them access to places they may not otherwise be able to go by walking,

bicycling, or public transportation. It also contributes to more sustainable urban areas by
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increasing awareness of the negative social and environmental effects of driving a private
vehicle. Typically, car-sharing programs utilize fuel-efficient automobiles, which lowers urban
pollutants and relieves traffic in cities [68]. BlaBlaCar provides long-distance trips, while
Uber offers short-distance, taxi-like services. These are two examples of ride-sharing and

car-sharing services.

4.2.3 IMPACT ON BIKE-SHARING AND E-SCOOTER SERVICES

MaasS provides efficient solutions for both the beginning and end of a trip, which greatly
increases the utilization of e-scooter and bike-sharing services. This lessens reliance on private
vehicles and enhances public transit. By incorporating these services into Maa$ systems, the
availability and awareness of e-scooter and bike-sharing choices are improved, which has a
significant positive impact on utilization. When it comes to filling in the gaps in public
transit, first and last-mile connection is most important. This helps lessen the need for private
automobiles for quick travels and promotes sustainable urban transportation. The results of a
survey carried out in Shanghai [55] indicate that bike sharing has resulted in fuel savings of
8358 tons. This led the decreasing of carbon dioxide and nitrogen oxide gas emissions and
improved air quality [86].

In addition to the environmental benefits of bike-sharing, increased physical activity can have
a positive impact on public health.

Shared mobility and micro-mobility systems have been continuously evolving in cities all over
the world for over 15 years, as part of a change in mobility patterns and lifestyle [s1]. The
electric scooter, often known as an e-scooter, is a creative and environmentally friendly mode
of transportation that may be privately owned or shared. It can enhance community ties,
lessen traffic and air pollution, and offer an effective substitute for cars in metropolitan areas
[45]. When “Bird” in Santa Monica, California, presented the first dockless service in 2017,
e-scooter sharing systems were first introduced in the USA as an alternate form of urban

shared micro-mobility.

4.2.4 IMPACT ON WALKING

Walking is not typically considered a transport service like other modes, and it often tends to
be overlooked by MaaS$ operators in their quest for innovation [24].
Data from Maa$ can assist city planners in improving walking infrastructure by identifying

popular routes and distinguish areas needing development. This can promote walking,
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particularly for short distances. Maa$S can encourage walking by seamlessly connecting
pedestrian routes with other transport services, making it a more inviting option for users. An
improved infrastructure for walking encourages a more sustainable and healthful way of
living. The UK government released “Future of Mobility: Urban Strategy”, their approach to
innovation in urban transportation, in March 2019 [30]. This lays out nine guidelines for
encouraging urban mobility that must to be adhered to wherever feasible. Principle number
three is that “Walking, cycling and active travel must remain the best options for short urban

journeys”.

4.2.5 IMPACT ON CAR USAGE

People may use less own cars as a result of MaaS’s cost and convenience, as they are becoming
more and more interested in flexible and sustainable transportation choices.

This shift has the potential to reduce emissions, ease traffic congestion, and improve the
sustainability of the urban environment. Maa$ systems that encourage carpooling can
increase vehicle occupancy rates and decrease the number of automobiles on the road to
further these advantages [8].

Oftering services such as public transportation, shared (e-)bikes, and ride-sharing at fixed
prices can attract to travelers, who may be more responsive to bundled pricing than the
long-term cost associated with owning a private vehicle. Research indicates that MaaS$ has the
potential to decrease private vehicle ownership [53].

Despite that, for people to consider giving up their private cars, MaaS must offer significant
improvements and reliable services. A major renovate of mobility services and the
implementation of travel demand management strategies are necessary to reduce private
vehicle ownership. It is particularly challenging to reduce the use of private vehicles for spare
activities. The perceived costs of driving vary significantly between peak-time commuters and
non-commuters. According to Horcher and Graham (2020) [38] congestion can motivate
the shift from private car ownership to other mobility services, though reducing car
ownership might not always be the best policy objective. Instead, the focus should be on
encouraging the use of high-occupancy vehicles such as buses and trains, shared mobility
options, and active travel modes. Pricing strategies for MaaS bundles need to be carefully
considered to support this shift. Also, while a decline in car ownership can free up parking
space and impact vehicle-related tax revenues, these effects are complex and not fully

quantified in this context due to a lack of reliable data.
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4.3 BUS-ROUTE-ORIENTED TRIPS RATIO

Understanding the utilization patterns of the different modes used in MaaS is critical for
optimizing service delivery and improving urban mobility. This part introduces the concept
of the bus-route-oriented trips ratio, intended as the number of trips with, at least, a bus route
over total number of trips sold through the Maa$ (e.g., driving + bus or walking + bus). This
ratio is a key indicator of bus route utilization and provides insights into user preferences and
behavior. The current trend is to create laws that encourage people to switch from using
private to public transportation in an effort to lessen traffic in metropolitan areas and create a
sustainable traffic environment. When users shift to public decrease consequently and this

saves more energy and resource.
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Figure 4.1: Modal split in different scenarios. Sharing and non-sharing trips are aggregated, and multi-modal mode trips are
aggregated [66]

This phenomenon can be appreciated by looking at Figure 4.1. Each bar in the chart shows
the percentage of trips taken by different modes of transportation for different scenarios,
which are compared to a reference scenario (such a reference represents the baseline scenario
without any modifications). The first one is Maa$ adopted by 16.5% of the population. The
second bar represents the full adoption of Maa$S. The third the 16.5% Maa$S adoption with a
multimodal approach. The fourth describes the 100% MaaS with a multimodal approach.
The next one shows the % MaaS$ adoption + multimodal and parking costs increased by 200%.
The sixth portray the full Maa$S adoption with a multimodal approach and costs reduced by

50%. The following one shows 100% Maa$S adoption with a multimodal approach and costs
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reduced by 20%. 1the last one describe the full Maa$S adoption with a multimodal approach,
costs reduced by 20% except for car mode.

The most crucial idea that will be covered is Demand-Responsive Transport (DRT), which is
so critical in the context of MaaS$ that it deserves a thorough explanation. DRT is an
adaptable public transportation option that is in between taxis and conventional bus services.
It utilizes small to medium-sized vehicles with routes that are dynamically adjusted according
to customer demand. Typically, passengers schedule their trips in advance, specifying the
origin, destination, and preferred times. DRT is often subsidized by local authorities to serve
areas with low transportation demand or to provide specialized services, such as paratransit
for the elderly or disabled. As well, DRT’s popularity is growing due to the shortcomings of
conventional transport systems and advancements in technology. However, it is often
criticized for its high operating costs, limited flexibility, and difficulties in handling high
demand. Currently, most DRT services operate on a small scale, primarily in areas with low
demand. The potential for large-scale DRT systems is significant, especially in urban areas
where they could compete with private cars by offering environmentally friendly, flexible, and
cost-effective transportation options. On the other hand, challenges such as maintaining
reliability, managing pre-booking requirements, and addressing the inherent advantages of
private cars present significant obstacles. Despite these challenges, further exploration of
large-scale DRT systems is necessary, particularly in congested urban areas where the use of
private cars may become increasingly impractical [36].

In the reference scenario we can see the high percentage of bike and car usage, and the low

public transport (PT) usage.

* In the 16.5 % of MaaS there is slight shift from cars to other modes. There is a
decreasing in PT usage with respect to the reference scenario. It is also introduced the

DRT.

* In the 100 % Maa$ we have significant reduction in car usage, increase in public
transport, and other modes.

* In 16.5 % Maa$S + multimodal there is a moderate grow of multimodality.

* Inafull 100 % Maa$ adoption with multimodal we can find a further reduction in car
usage and increase in public transport and multimodal options.

* In the 16.5 % Maa$ + multimodal, parking 200 % situation, of course increasing
parking costs we significantly reduce car usage.
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* In the full MaaS adoption, multimodal and 50 % Cost we increase the usage of
multimodal and public transport options.

* In the 100 % Maa$ + multimodal 20 %o Cost this enhances the trend from the previous
scenario.

* In the full Maa$ + multimodal 20 % Cost (except car mode): maintaining higher costs
for car mode while reducing costs for other modes further shifts trips from car usage to
other modes.

4.3.1 ACCESSIBILITY AND USER BEHAVIOR

This example highlights the percentage of use of each transport mode, corresponding to the
level of Maa$ integration in the urban situation. In comparison to other transport modes, PT
has a low percentage of use, which can be attributed to the accessibility of this type of
transport and the influence of user behavior on mode choice. PT usage is higher in a
multimodal situation because its accessibility increases for a larger population when
integrated with walking, biking (or e-bikes). Additionally, increasing the cost of parking and
reducing the cost of MaaS$ can lead to better PT usage.

Since accessibility depends not only on the costs of the mode but also on the urban context. It
is essential to consider and enhance access in rural and suburban areas as well. The user
behavior, as 4.1 shows, tends to favor car usage. This can be changed, for instance, by
increasing the cost of parking spots and making MaaS more affordable for the majority of the

population.

4.3.2 CONSIDERATIONS

After all, it is difficult to determine precisely the number of trips that include a bus route
within the Maa$S framework. Yet, integrating bus routes into a multimodal transportation
system can significantly improve their usage. This improvement can be further enhanced by
considering the current social situation. For example, making buses part of a seamless travel
experience that includes walking, biking, or e-bikes can increase their attractiveness and
accessibility. Plus, addressing social factors such as affordability, convenience, and the overall
user experience can further encourage people to choose bus routes as part of their daily

commutes.

35



We can also consider the benefits of incorporating DRT (e.g. minibuses). DRT ofters
numerous environmental benefits as these vehicles typically pick up and drop off passengers
based on their specific needs. This service can also cover areas that are not well-served by

regular public transportation.

4.4 MULTIMODAL TRIPS RATIO

Multimodality in the context of MaaS$ refers to the integration and seamless coordination of
multiple modes of transportation within a single service or platform. The term
“multimodality” describes the practice of utilizing many modes of transportation throughout
a single trip or duration. Promoting multimodality may be a useful way to lower CO2
emissions, decrease the number of cars on the road, and encourage modal changes toward
environmentally friendly transportation [87]. This section present the idea of multimodal
trips ratio, which is defined as the number of multimodal trips over the total number of trips.
The utilization of integrated modes, such as shared bikes, public transportation, and others, is
becoming more and more relevant in the future, and MaaS may play a significant part in this.
A crucial concept to understand is that multimodal trips are always counted as fewer than
single-mode trips for each transportation mode. This is because multiple modes trip is
recorded as a single journey, regardless of whether the user employs two or three different
modes of transportation. In contrast, single-mode trips are counted individually for each trip
made. In other words, a multimodal journey that involves multiple segments across difterent
modes (e.g., walking, bus, and train) is still considered one trip. Contrarily, single-mode trips,
where the user relies just on one mode of transportation, result in multiple individual trip
counts. Therefore, the aggregate number of trips for each mode will inherently be higher in
single-mode transportation than in multimodal travel. Examples of multimodal journal

planners app and public transit app can be Google Maps, Moovit, Citymapper.

4.4.1 BENEFITS

By understanding how users combine different modes, Maa$ providers can optimize journey
planning features and improve the user interface [76].

Numerous research look at the impact that travel habits and attitudes, the built environment,
and socio-demographics have within a given time period on the adoption of multimodality.

Discrete choice modeling was used in other research to predict people’s travel preferences

36



based on stated preferences (SP) in hypothetical scenarios or disclosed observations in real life.
Transport operators can adjust their services to better meet the needs of users who rely on
multimodal trips. The goal is to coordinate services of different modalities in order to
effectively allow a smooth switch between them. In the literature this is defined under the
name of “Synchromodality” [4]. The others objectives are to minimizing delays, reduce dead
times, and disruptions [67].

This data may be used by legislators and city planners to assist the construction of
multimodal hubs and integrated ticketing systems, two infrastructural advancements that
facilitate multimodal transportation. The political objective of creating a sustainable
transportation strategy as well as the general enhancement of public transportation can both

benefit from the adoption of smart ticketing systems throughout Europe.

4.4.2 INTEGRATION WITH OTHERS KPI

Multimodal trips serve as a key performance indicator that is intricately linked with several
other KPIs, including modal shift, environmental impact, and user satisfaction. An increase
in multimodal trips often indicates a successful modal shift. This is due to the fact that more
people are choosing to combine many means of transportation (like biking and public
transportation) rather than depending only on one, like driving a vehicle. When combined,
eco-friendly means of transportation such as walking, cycling, and public transportation
lessen the environmental effect of single-mode automobile trips. Multimodal transportation
generally incorporates these modes. By offering flexible and effective travel alternatives, the
availability and integration of numerous transportation modes may improve consumer
satisfaction. Satisfied users are more likely to adopt and consistently use multimodal

transportation.

4.5 AVERAGE COST VARIATION PER USER AND PER TRIP

Although owning a car might save time and provide a high degree of comfort, many
individuals find it to be costly and unpleasant owing to the associated expenses and
obligations. Taxis and rental vehicles can offer comparable comfort and flexibility with less
waiting time, but they are sometimes too expensive to be a regular mode of transportation.
On the contrary, public transportation like buses and trains is more affordable but requires

passengers to adhere to fixed schedules, regardless of varying demand, which can be less
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convenient for spontaneous travel. The trade-oft between adopting Maa$S or maintaining
vehicle ownership expenses is taken into account while making short-term daily decisions

(trip selections) and longer-term decisions (car ownership and MaaS$ subscription choices).

4.5.1 AVERAGE COST VARIATION PER USER

The cost variation per user depends on different factors, such as: type of transportation
included in the MaaS. As Anna-Maria Feneri [29] demonstrated, the type and the amount of
mobility services included in a plan are more significant factors than the actual price of
specific modes included the plan. The subscription plan, for example: monthly or annual
subscription plans offering discounted rates for frequent users can aftect cost variation. It also
depends on frequency, distance, and mode of trips taken by users. The objective is the user
satisfaction. If the average cost variation per user suggest that MaaS might be too expensive
for users, policymakers and service providers may provide adjustments in service offerings or
pricing strategies to improve service efficiency and affordability. In the research in Ioannis
Tsouros [78] revealed that, for most of the mobility services, the willing to pay (WTP)
estimation was higher for bundles than for stand-alone services, which indicated a higher

valuation in the Maa$ bundle.

4.5.2 (OBSERVATIONS

The cost performance has been evaluated and studied and the distribution of costs was
estimated.

In Figure 4.2 the horizontal axis represents the price, with values ranging from o.00 to 15.00.
The vertical axis shows the percentage of Maa$ users, with values ranging from 0% to 40%.
Several data points are marked on the graph, meaning the number of Maas users for a specific
price.

This diagram showing a decrease in the percentage of Maa$S users as the price increases, how
sensitive users are to price changes. A rapid decline in the percentage of users with increasing
price suggests that users are highly price-sensitive. This means that as the price increases, fewer
users are willing to pay for the service.

The data can help identify an optimal price range for maximizing user base. For example, if a
significant drop in users is observed beyond a certain price point, it might be beneficial to
keep prices below this threshold to hold on a larger user base. By understanding the user

drop-oft rate at different prices, businesses can estimate potential revenue changes. While a
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Figure 4.2: Percentage of MaaS members across MaaS Fee scenarios [81].

lower price may draw more users but result in lower revenue per user, a higher price may

result in fewer users but more revenue per user.

Also, this diagram reflects the affordability of MaaS$ for different user segments. A large user
base at lower prices suggests that many users find the service affordable only at those price
points. Data can assist in market segmentation. If there are distinct drops at certain price
points, it may indicate different market segments that value the service differently. This can

help adapting marketing strategies for different segments.

4.5.3 AVERAGE COST VARIATION PER TRIP

Naturally, the cost variation depends on different factors, such as the type of transportation
used in the trip. For example there are differences between a public transport, or a bike and a
taxi, which for sure has an higher cost-level. As for the average cost variation per user, the

subscription play a fundamental role. Definitely multiple trips have their benefits.
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Figure 4.3: MaaS members trips distribution across TCO scenarios in No Maa$S scenario [12].

Figure 4.3 represents the average usage per trip mode depending on the Total Cost of
Ownership (TCO) in a No Maa$ scenario. In the horizontal axis we can find the number of
trips per type of mode. The vertical axis shows several TCO scenarios. Car is the dominant
mode in nearly all TCO scenarios, especially in higher TCO scenarios, indicating a high
reliance on cars when Maa$ options are not available. Public transport is significant but less
dominant compared to car transport. As the TCO decreases, there is an observable increase in
the proportion of PT trips. Similar to Figure 4.4, as the TCO decreases, there is a gradual
increase in the usage of other transport modes such as Fast/Flexible transport, two-wheeler

transport, bike and walk.

Instead, lower TCO scenarios show a diversification in transport mode usage, with a notable
increase in walking and biking, which are the most cost-effective and sustainable options. In
these scenarios, car usage is predominant, leading to higher average costs per trip due to higher
vehicle operating costs, maintenance, insurance, and other expenses associated with car
ownership. As TCO decreases, there’s a shift towards more economical transportation modes
such as PT, walking, and biking. This diversification reduces the average cost per trip as these

modes are generally less expensive compared to car travel.
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Figure 4.4: MaaS members trips distribution across TCO scenarios [12].

In the Figure 4.4 each bar indicates the total number of trips for a particular TCO scenario,
each segment represents the proportion of trips made using each Maa$S option. In most TCO
scenarios PT constitutes the largest portion of trips, indicating that public transport is a
widely used option across different cost scenarios. As the cost per trip decreases, the presence
of other MaaS$ options increases. This indicates a shift towards more affordable and possibly
more sustainable modes of transport in lower TCO scenarios. The trend suggests that as
TCO decreases, travelers tend to prefer more economical and environmentally friendly modes
of transport. Better accessibility, lower environmental impact, or economic savings might be

the cause of this.

4.5.4 COMPARISON

A larger percentage of journeys are performed by PT, and the distribution of trips across
modes is more evenly distributed in Figure 4.4. MaaS$ seems to encourage the use of
diversified and often more sustainable transport modes, potentially lowering the average cost
per trip compared to the No Maa$ scenarios. Also, without MaaS$, there is a heavier reliance

on car usage, particularly in higher TCO scenarios, leading to higher average costs per trip.
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4.6 AVERAGE MAAS REVENUE ODDS

Traditional transport services operate independently, often without integration or
optimization across different modes. This can lead to fragmented services, inefficiencies and
higher costs for users. Without Maa$, transport operators do not have a central platform to
optimize demand and supply. This can lead to overcrowding on certain services while others
operate below capacity. Passengers also do not benefit from real-time information on
transport options, which can guide to optimal travel choices and increased no satisfaction

during disruptions or peak times.

Without a Maa$ provider acting as an aggregator, individual transport operators may struggle
to reach a broader audience. This limits their ability to expand their market share and attract
new customers who might prefer a more integrated travel solution. Traditional systems may
not provide effectively to different social groups with varied financial capabilities, as they lack
the flexibility and inclusivity that a Maa$S platform can provide through tailored services and
payment options. With No Maa$ provider’s ability to shift demand and optimize capacity,
transport operators might miss out on potential revenue opportunities. Peak times may lead
to lost revenue due to overcapacity, while off-peak times might see underutilized services.
Thus, the inability to manage demand dynamically can lead to dissatisfaction among
passengers who face overcrowded services or long waits, potentially driving them away from
public transport options. In a No MaaS$ system, there is less incentive for transport operators
to improve their services. The absence of a competitive, integrated platform means that
operators do not have to continuously innovate and enhance the quality of their offerings to
attract and retain customers. Without the drive for competition fostered by a Maa$S
ecosystem, the overall quality and efficiency of mobility services may remain stagnant, not
keeping pace with evolving customer expectations and technological advancements.
Traditional transport systems might still rely on outdated ticketing methods, lacking the
convenience of account-based ticketing and smartphone-readable solutions that Maa$S
platforms can provide. The absence of modern sensor-based services and smart data usage
means that traditional systems are less capable of providing seamless, user-friendly experiences

that adapt to real-time conditions and user needs.

In this segment we shall define the meaning defined as the ratio between the average revenues
for transport operators for Maa$ services and the average revenues for transport operators for

no MaasS services. Transport operators are key suppliers to the Maa$ provider, holding a
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central role within the centre business ecosystem. They sell their services to Maa$ operators
and provide openness and access to their data through secure APIs (Application
Programming Interfaces). To fully permit the MaaS concept by offering the necessary data,
transport operators should ideally provide their services with sensors and apply account-based
ticketing systems that accept smartphone readings.

The Maa$ provider generates value for transport operators in multiple ways. In the first place,
transport operators, through the Maa$ provider, can reach a wider demand and expand their
market share. Moreover, the Maa$S operator can optimize the request and supply by having
real-time insights into the demand and capacity of transport operators. This is particularly
beneficial during peak hours when some transport operators are at full capacity. The MaaS
provider can thus shift demand to other transport operators, thereby preventing passenger
dissatisfaction. As a result, transport operators can grow their revenue by reaching previously
inaccessible customer markets and enhance customer satisfaction. This can also be done
taking in consideration different social groups and so different possibility to pay. As well, the
MaaS provider fosters competition among participating transport operators, Ieading to

improved mobility services.

4.6.1  CONSIDERATIONS

The diagram in Figure 4.5 displays a comparison of total revenue and earnings from public
transportation in Berlin over the period from 2005 to 2020. The x-axis represents time, while
the y-axis represents monthly revenue/earnings in euros (€). The black line represents the
revenue, and the red line represents the earnings. Revenue and earnings closely follow each
other, indicating a strong correlation between the two metrics. However, the earnings exhibit
more pronounced seasonal peaks compared to revenue.

To analyze the impact of the introduction of MaaS$, we would need to know the specific year
or period when Maa$ was introduced in Berlin. Assuming Maa$ was introduced around
2015, we can observe the trends before and after this period. Before Maa$ (2005-2015) both
revenue and earnings show steady growth with seasonal variations. The growth rate is
relatively consistent. After Maa$ (2015-2020): post-2015, the growth in both revenue and
earnings appears to accelerate. The seasonal peaks in earnings become more pronounced, and
the overall climbing trend is sharper.

Before the introduction of Maa$, the revenue and earnings growth was steady, and seasonal

variations were present but relatively moderate. After MaaS$ introduction, there is a
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Figure 4.5: Comparison of the time series of the total revenue and earnings for public transportation in Berlin [84].

noticeable increase in the amplitude of seasonal variations, especially in earnings. This could
indicate that Maa$ has led to higher demand during peak times, resulting in more significant

fluctuations.

4.7 CO2 EMISSIONS BEFORE AND AFTER THE INTRODUCTION

OF MAaAS

In figure 4.5, the period following the potential introduction of Maa$ in Berlin, around 2015,
exhibits increased seasonal fluctuations in earnings. This pattern might indicate a
corresponding rise in transport demand and usage, particularly during certain times of the
year or specific events. In keeping with environmental objectives like those described in the
Net Zero Emissions by 2050 Scenario, this increasing demand may have a beneficial effect on
COz2 emissions if it represents a shift towards increased usage of public transportation.

The overall trend in profits and revenue over the last 15 years indicates a consistent upward
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tendency, which supports the growing popularity and financial success of Berlin’s public
transportation system. The notable seasonal variation that was seen, along with sporadic
peaks, may have resulted from variations in the demand for public transportation, which may
have been caused by seasonal events, tourists, or shifts in commuting habits.

These trends imply that the MaaS$ initiative might have played a role in boosting public
transport usage, especially during peak periods. As PT generally results in lower CO2
emissions per passenger compared to private cars, this shift could contribute to a reduction in
overall transport-related emissions, supporting broader climate goals. This is especially crucial
since, between 1990 and 2022, the average annual rate of increase in transport emissions was
1.7%, outpacing the growth of emissions from all other end-use sectors except industry. In
light of this trend, it will be necessary to reduce CO2 emissions from the transportation sector
by more than 3% yearly through 2030 in order to achieve the Net Zero Emissions by 2050
Scenario.

Specifically, road transportation is a major factor in this problem. With 24% of Europe’s total
COz2 emissions in 2020, it is the main transportation sector contributor to climate change.
These emissions are commonly expressed in grams of CO2 per passenger kilometer and
account for a sizeable amount of the world’s greenhouse gas emissions. This metric reflects
the efficiency and environmental impact of various transport modes, emphasizing the need
for more sustainable alternatives. Studies like Carroll’s [10] show that switching from private
to shared transportation may result in major drops in CO2, NOx, and PM2.5 emissions. This
change emphasizes how crucial MaaS$ initiatives are to encouraging more environmentally

friendly transportation practices and lowering the transportation sector’s carbon footprint.

4.7.1 IMPACT OF DIFFERENT ROAD TRANSPORT

The average carbon dioxide emissions related to different forms of transportation are shown
in Figure 4.6. According to the research, conventional gasoline and diesel vehicles have the
most carbon emissions out of all the modes listed; thus, they are the most ecologically friendly
choice. In contrast, modes such as walking, biking, light rail, e-bikes, e-scooters, and e-buses
exhibit significantly lower carbon emissions. This highlights the minimal environmental
impact of electric and non-motorized transport options, emphasizing their advantages in
reducing overall carbon footprints. However, motorbikes, scooters, trains, and buses show
relatively high environmental impacts compared to electric modes. While trains and buses are

generally more efficient than cars in terms of emissions per passenger, they still contribute
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Figure 4.6: Average carbon emissions by transport type [77].

more to CO2 emissions than the least impactful transport modes, such as walking and cycling.

From 1990 to 2020, the greenhouse gas emissions of several transport services are shown in
Figure 4.7. Throughout the whole time, there is a clear pattern of rising emissions. One
noteworthy finding is that the bulk of these emissions are constantly attributed to vehicle
transportation. Nonetheless, 2020 sees a significant drop in emissions, mostly as a result of
the COVID-19 pandemic’s reduction in transportation-related activities.

These emissions have a significant negative impact on the environment, which emphasizes the
urgent need for new policies to meet our climate targets. The use and optimization of Maas$ is
a crucial tactic in this transition. Although MaaS’s effect on emissions is not yet entirely
apparent, there are a lot of potential advantages.

By minimizing the number of cars on the road, which lowers total greenhouse gas emissions,
maximizing the implementation of MaaS may have a major positive impact on the
environment. Furthermore, by lowering air pollution and encouraging active transportation
choices like bicycling and walking, Maa$ can enhance public health. Furthermore, MaaS may

promote a culture that values and gives priority to environmental health by raising society
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Figure 4.7: Greenhouse gas emissions of transport, UE, 1990-2020 [28].

knowledge of and sensitivity to sustainable mobility behaviors.

4.7.2  IMPLICATIONS ON OTHER KPIs

Maa$ can encourage consumers to switch from more polluting modes (like private
automobiles) to more environmentally friendly ones (like public transportation and shared
mobility). Specifically, a decrease in carbon dioxide emissions after MaaS deployment suggests
favorable environmental effects, bolstering efforts to mitigate climate change. This is in line
with regional governmental efforts to lower carbon footprints and international
environmental goals. Changes in modal share may be analyzed to provide insights about user
preferences. For instance, Maa$S shows successful service integration and eftective behavioral
nudges if it dramatically boosts the use of public transportation while decreasing the number
of trips taken in private vehicles. Maa$S systems’ operational effectiveness can result in
increased occupancy rates for shared mobility and public transportation, which further
lowers emissions. This illustrates how integrating technology may maximize the use of
available resources. The case for legislative measures promoting the growth of MaaS$ can be

strengthened by demonstrating substantial drops in CO2 emissions. It can also draw
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expenditures meant to improve the infrastructure of public transportation and increase
available mobility alternatives. Adoption of MaaS$ has the ability to change the trends in
urban transportation, which might result in less traffic and better air quality. Cities may

promote sustainable transportation options and aim toward being carbon neutral.

4.8 EFFICIENCY

Enhancing the travel experience by enhancing the smoothness, convenience, and
sustainability of transportation is one of Maa$S’s main objectives. At the heart of this objective
lies the chasing of efficiency. This is an essential measure of how well the transportation
system performs in delivering reliable and timely services to users.

Efficiency in Maa$S encompasses multiple dimensions, all aimed at enhancing the total
effectiveness of transportation solutions. Efficiency, according to E. S. Savas in 2015 [73],isa
crucial performance indicator that shows how effectively a system satisfies user demands and
expectations. Efficiency in the context of Maa$ includes not just cutting travel times but also
enhancing customer pleasure, timeliness, and service reliability.

One of the central metrics for assessing service efficiency is the average trip time. This metric
gauges the typical duration of travel between a source and a destination. To measure this,
route-based methods are employed, which involve determining a specific travel route and then
aggregating the time required for each segment based on historical data. Although, measuring
average trip time presents challenges, primarily related to the reliability of travel times. The
likelihood that a trip will be finished within the projected time range, including for variations
brought on by weather, traffic, and other circumstances, is known as travel-time reliability.
Shortening the average trip duration lessens the impact on the environment and traffic jams
associated with each trip. In addition to making driving less frustrating, improved traffic flow
increases safety by lowering the likelihood of accidents. Additionally, fewer traffic bottlenecks
improve public transportation systems by increasing commuter attraction and reliability for
buses and trams.

Public transportation punctuality has a direct influence on customer happiness and faith in
the system, making it a crucial system efhiciency indicator. For public transportation to
function as efficiently as possible and to increase user happiness, it must run on time. A poor
user experience might result from cascading problems like lost connections and crowds
caused by delays. Therefore, monitoring and improving On-time Performance (OTP) is

essential. OTP is a commonly recognized metric for assessing the punctuality of various
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modes of public transportation. It offers a standardized way to evaluate and compare how
effectively different service providers adhere to their published schedules.

OTP is measured in two main ways:

* Timely departures: the percentage of trips that start within the designated pickup
window provided to the rider when they booked their trip.

* Timely arrivals: the percentage of trips that are completed before or by the rider’s
requested drop-off time.

Trips that are marked as “missed trip” might result in fines for operators and cause schedule
disruptions for passengers. A crucial component of transportation is reliability, which shows
how eftectively a service keeps to its scheduled timetable. This entails leaving on time, or
making timely departures, and arriving at destinations on time, or making timely arrivals.
When a service is reliable, riders can depend on it to follow the timetable consistently. OTP
deals with headway consistency, which is the ability to maintain regular intervals between
vehicles. For instance, if buses on a particular route are supposed to arrive every 10 minutes,
reliability ensures that the time between buses remains consistent, without significant gaps.
The travel time between the origin and destination has to remain predictable. Riders should
be able to expect similar travel duration for the same trip at different times, barring unusual
circumstances.

Several indices are used to assess punctuality and reliability in public transportation systems:
* Route-based Punctuality Index (PIR): this measures the chance of a bus arriving at its
terminals within a specified time frame.

* Stop-based Deviation Index (DIS): this assesses the ability to maintain consistent headways
and reduce average passenger wait times at stops.

* Stop-based Evenness Index (EIS): this measures the uniformity and consistency of headways
between vehicles.

These metrics provide valuable insights into the performance of public transit systems,
helping to identify areas for improvement and ensure more reliable and punctual services [85].

Example: punctuality index

Py is an index indicating the magnitude of the time gap between actual arrival time and

scheduled arrival time [56].

_ S5

p, =L
g 2

49



where:

b, : Scheduled headways

I: Number of operations

t; : Actual arrival time of i-th bus

7; Scheduled arrival time of i-th bus

S;: Standard deviation

Py : Punctuality index

The Punctuality Index in (4.1) is calculated by dividing the variance of arrival times 57 by the
square of the scheduled headway /7. Normalized by the scheduled headways, this index
measures the degree of disarray between the actual arrival timings and the scheduled times.
Higher P; indicates greater variability in arrival times, suggesting less punctual service. Lower
Py indicates lower variability, suggesting more punctual service. The variance S? formula
computes the squared difference average between the scheduled and actual arrival times. This
provides an indication of the degree to which the scheduled arrival timings and actual arrival

times differ.

4.8.1 BENEFITS

Service punctuality and dependability increase customer satisfaction. Users are more likely to
think favorably of a service when visits are shorter and prompt service is provided. Users will
have more spare time when journey times are reduced. Because users may spend more time on
personal or professional pursuits and less time commuting, this can enhance overall quality of
life. Reliable and dependable transportation can also lessen the stress that comes with
commuting. Delays and ambiguity are less likely to cause users to get frustrated. Reduced
travel times may result in a more economical use of resources. Cars have more capacity and
can do more journeys in the same amount of time, which lowers operating expenses. Higher
usage rates might result from more consumers being drawn to services that are more
dependable and efficient. This may increase profitability and provide justification for more
service and infrastructure spending. The Maa$ provider’s reputation is enhanced by timely
and eftective services. Positive customer feedback and word-of-mouth can spur expansion and

boost market share. Reduced fuel usage and wear and tear on vehicles can result in cheaper
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operating and maintenance expenses when routing and scheduling are done effectively.
Providers may improve scheduling, fleet management, and resource allocation, which will
result in more efficient service delivery, by using accurate data on trip times and punctuality.
In conclusion, well-managed and punctual services may better spread travel demand, and
efficient journey times can help alleviate traffic congestion. Reduced emissions and fuel
consumption may be achieved by taking shorter and more efficient routes, which can support
environmental sustainability. Enhancing timeliness and efficiency can also improve the
network’s overall connection, which will facilitate users’ transitions between different forms

of transportation.

4.9 OPERATIONAL COST-EFFECTIVENESS

Operational cost-effectiveness is a fundamental point for MaaS$, reflecting the system’s
capability to deliver transportation services in an efficient manner while keeping costs low and
maintaining or improving service quality. This concept involves a multi-faceted approach that
integrates resource optimization, technology utilization, and strategic pricing, all while
ensuring high standards of service.

Resource optimization is fundamental to achieving cost-effectiveness in MaaS. Effective
management of vehicles and team is crucial for reducing operational costs. This not only cuts
costs but also improves service reliability. Drivers and support staft are planned according to
actual service demand when labor expenses are in line with effective people management.
Furthermore, combining different forms of transportation, like bikes, cars, buses, trains, and
car-sharing services, into a single MaaS$ platform improves system performance overall and
offers passengers multimodal trips that are reasonably priced.

Technology use is essential to improving operational cost-effectiveness. Implementing
advanced technologies like GPS tracking, data analytics, and artificial intelligence enables
better route planning and operational optimization. According to research on AI’s
application in transportation modeling and planning, real-time traffic light management,
route and parking modification, and other tasks can be handled by Al For MaaS$ systems,

there are two types of data that must be gathered and combined:

* Historical (conventional) data: survey data, GIS data, schedules.

* Dynamic data (big data): includes information from social media, GPS, mobile
phones, public transportation cards, and built-in sensors in roads and traffic signals.
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These technologies help in reducing operational costs by improving efficiency and user
experience. Additionally, employing dynamic pricing strategies can balance demand and
supply, thereby maintaining profitability while adapting to real-time data and demand
fluctuations.

Pricing strategy is another critical component of cost-effectiveness. The optimal fare for
public transport should be set by balancing the net marginal social cost (MSC) and the
marginal personal cost (MPC). The MSC includes factors such as crowding discomfort and
delays, while the MPC covers access costs, waiting time, and in-vehicle travel time. Pricing
strategies must account for outside influences as well, such as the benefits of responsive
capacity management, which can lead to reduced waiting times and operational cost savings.
Conversely, factors like crowding and delays impose negative externalities that need to be

addressed in fare calculations.

4.9.1 CONSIDERATIONS

Integrating these elements with other KPIs is essential for maintaining the service quality.
High standards of service, including punctuality, safety, and customer support, are crucial for
user satisfaction. Balancing cost efficiency with these service standards ensures that efforts to
reduce costs do not adversely affect the user experience. Furthermore, manipulating detailed
data from user travel preferences and profiles can lead to personalized services and competitive
pricing, enhancing both service quality and operational efficiency.

Finally, incorporating environmentally friendly practices into Maa$S operations can further
contribute to cost-effectiveness. For example, adopting electric vehicles or promoting shared
mobility reduces the environmental impact and potentially lowers costs related to emissions

and fuel.

4.10 ACCESSIBILITY AND AVAILABILITY

In the context of Maa$, accessibility and availability are fundamental to ensuring that users
can effectively utilize transportation options. These concepts are crucial for delivering
equitable and efficient transit services, impacting how users interact with and benefit from the
MaaS$ system. This KPI differ from the KVI Social Inclusion because it focuses on how well
the service promotes inclusivity, accessibility, and equity for all members of society,

particularly those who might be marginalized or deprived. This perspective is more
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concerned with ensuring that everyone, regardless of their social or economic status, has equal

opportunities to benefit from the service.

4.10.1 SERVICE COVERAGE AREA

This is a key element of accessibility in MaaS. It defines the geographical region where Maa$S
services are provided and significantly influences how easily users can access transportation
options. The extent of service coverage can vary widely:

* partial coverage: this occurs when Maas$ services are available only in specific areas,

such as a city center or particular rural zones. While partial coverage can meet the needs
of some users, it may leave gaps in accessibility for those in less serviced areas.

* full coverage: full coverage implies that Maa$ services are accessible across an entire city,
region, or even country. Such extensive coverage enhances social equity by providing
broader access to essential services, including employment and education.

Different urban situations:

1. Inurban environments, Maa$ aims to reduce the ownership and use of private cars,
which will alleviate traffic, cut emissions, reduce parking issues, and improve urban
planning. Maas$ services in urban areas usually make use of the current public transit
networks, complemented by car-, bike-, and parking facilities.

2. In suburban regions, MaaS$ secks to diminish the necessity for a second car and to boost
car capacity utilization. Characteristic services in these areas include on-demand
options, park and ride, shared services, and first- and last-mile solutions integrated with
urban MaaS$ systems.

3. In rural areas, where populations are sparse and multiple car ownership is common due
to long distances, the focus of MaaS$ is on enhancing overall efficiency and utilization
rates. The goal is to maintain adequate service levels despite the low number of
travelers and to ensure necessary accessibility. Services in rural areas prioritize
on-demand options, taxis, buses, sharing services, and first- and last-mile connections
to long-distance transportation [1].

The service frequency and hours of operation further affect service availability. Service
frequency refers to how often a transit service is available within an hour, considering the
walking distance from stops and user preferences. Additionally, hours of operation measure
the total time during the day when transit services are active along a route or segment.
Comprehensive service coverage ensures that transit services are provided throughout the day

and within reasonable walking distance, enhancing overall accessibility.
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4.10.2 REAL-TIME INFORMATION

Availability of real-time information (RTT) is another crucial aspect that affects the
effectiveness of MaaS. RTT systems enable users to make informed decisions by providing
current data about transportation services. This includes information such as vehicle
locations, upcoming stops, expected arrival times, and occupancy rates. RTT systems often
utilize technologies like Automatic Vehicle Location (AVL) and GPS to deliver accurate
updates through various platforms, including smartphone apps and digital displays [11]. S
Real-time information changes customers’ opinions about how reliable the service is and
makes travel planning easier. When and when passengers choose to travel, accurate and timely
information encourages them to choose public transportation instead of driving their own
automobiles. Additionally, it satisfies the requirements of various socioeconomic and
demographic groups by oftering particular information that closes coverage gaps.
Understanding users’ perceptions of RTT across various socioeconomic and demographic
backgrounds is essential for improving Maa$ services. Variations in how different groups
perceive and use information technologies can highlight areas where service improvements are

needed, particularly in regions with insufficient public transport coverage.

4.11  KPIs iIN THE MOST CONTEXT

The MOST (Centro Nazionale per la Mobilita Sostenibile) is a research organization whose
mission is to promote and assist the creation of revolutionary, sustainable, and inclusive
solutions for the entire nation through partnerships with 24 universities, the Italian National
Research Center, and 24 significant corporations. It covers a wide range of topics and sectors,
including rail, maritime transportation, air mobility, light vehicles and active mobility, and
novel fuels. The MOST seeks to reduce accidents through digital systems, create a more
inclusive and accessible mobility model, and employ more efficient public transportation and
logistics strategies. It also hopes to make the mobility system “greener” globally and more

“digital” in its management. According to the MOST, an effective Maa$S system must address

5AVL systems allow companies to track and manage their vehicle fleets in real-time. Originally designed for
fleet management and vehicle tracking, AVL software often integrates with GIS to provide detailed location data.
Although AVL systems are based on GIS, they commonly use Short Message Service (SMS) technology for com-
munication. This means that while the underlying system is sophisticated and GIS-based, the actual transmission
of data between vehicles and the central management system often relies on simple text messaging technology for
updates and coordination.
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anumber of important factors that together dictate how well the system functions, satisfies
user demands, and benefits the community. These domains encompass a variety of MaaS
ecosystem elements, including technology, community benefits, economic viability,
organizational effectiveness, user experience, and the wider system operating environment.
We may link certain KPIs to each of these dimensions, and they should be observed in order

to evaluate a Maa$ system’s performance.

4.11.1 TECHNICAL DIMENSION

The technical dimension evaluates a MaaS$ system’s technological features, such as data
management, third-party service integration, platform scalability, and general design. It
considers the system’s capacity to facilitate secure, effective, and seamless service delivery.

To guarantee a MaaS$ system’s efficacy and user happiness, a number of crucial factors need to

be taken into account while defining it technically. The following are some crucial elements
that the MOST has determined:

* Data management: refers to the system’s capacity to manage, store, and safeguard
operational and user data. It also includes privacy/security safeguards and real-time
data exchange.

* Service integration: how well different modes of transportation and outside services are
integrated inside the Maa$ system (e.g., public transportation, bike sharing,
ride-hailing).

* Availability and application of standardized APIs: to facilitate smooth data transfer
and communication with other platforms or service providers is known as API
compatibility.

* Scalability: the system’s capacity to accommodate growing user, service, and data
volumes without experiencing a drop in performance.

* Platform design (UX): refers to the total usefulness and quality of the system’s user
interface, including functionality and simplicity of navigation.

* Real-Time Information: the delivery of precise and current data on service availability,
traffic patterns, and itinerary preparation.

* Software update and maintenance: the regularity and dependability of software
updates and maintenance procedures, which guarantee ongoing enhancements and

bug patches.
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* Geographic coverage: how much of each region is covered by the MaaS$ system (e.g.,
citywide, regional, national).

In order to implement the technical efficacy of a Maas, the MOST determined several KPIs,
some of which are as follows: the percentage of mobility services that share real-time data;
compliance with data protection regulations; the presence of data analytics capabilities; the
presence of standardized data formats across services; the number of fully integrated
third-party services; the average user rating of the app in app stores; the number of regions or
cities that the service covers; the numbers of available payment methods; and the percentage

of system uptime.

4.11.2 ORGANIZATIONAL DIMENSION

The governance frameworks and organizational structures used in Maa$S projects are the main
topics of the organizational dimension. It looks at how well partnerships work together, how
clearly roles and duties are defined, and how well cooperation works while providing effective
services.

A MaaS system’s organizational dimension is examined to reveal numerous important factors

that govern the system’s functionality and evolution.

* Governance structure: the framework that outlines the obligations of both public and
private parties as well as the general procedure for making decisions.

* Partnerships and collaboration: the quantity and kind of partnerships, as well as the
efficacy of collaboration, with third-party service providers, municipal governments,
and mobility suppliers.

* Management structure: the Maa$ system’s internal organizational structure and the
way various departments and stakeholders collaborate with one another.

* Innovation and adaptability: the capacity of the company to develop new ideas and
adjust to rules, laws, and consumer expectations.

To execute the organizational aspect of a Maas, the MOST identified many KPIs, some of
which are listed in the following: the stakeholders’ diversity index; total number of current
collaborations with technology companies, mobility providers, and other pertinent parties;
percentage of partners (based on surveys) who say they are happy with the partnership;
number of collaborative efforts or projects started with partners; percentage growth in the

organization’s service offerings or service regions.
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4.11.3 EcoNoMIc AND FINANCIAL DIMENSION

The Maa$ system’s business model and the initiative’s commercial and financial sustainability
are the main topics of the economic and financial dimension.

A number of crucial elements need to be taken into account in order to fully comprehend the
feasibility and sustainability of a Maa$ system while examining its financial and economic

elements.

* Value proposition: the service’s increased value in relation to competitors.

* Revenue streams: the many revenue streams for the Maa$ system, including advertising,
pay-per-use charges, partnerships, subscriptions, and government financing.

* Pricing strategy: the method of setting prices, including pay-as-you-go, subscription
pricing, bundling services, and demand-driven pricing.

* Funding: the sources and arrangements of financial support, such as grants from the
government, private investments, and public-private partnerships (PPP).

* Investments: the sum allocated to both technology advancements (such as platform
updates and data analytics) and physical infrastructure (such as stations and cars).

KPIs must be tracked in order to evaluate the financial viability of Maa$ solution. The
pertinent KPIs identified by the MOST and their importance are listed as follows: diversity of
revenue streams; average cost per user; Earnings Before Interest, Taxes, Depreciation, and
Amortization (EBITDA) and Earnings Before Interest and Taxes (EBIT); Return on
Investment (ROI), Return on Assets (ROA), Return on Equity (ROE); customer lifetime
value; Capital Expenditures (CapEx); market share.

4.11.4 USER DIMENSION

The user dimension focuses on the Maa$S system’s end users. The system’s ability to
comprehend and fulfill users’ wants and preferences, impact their travel behavior, and deliver
a flawless travel experience is evaluated.

A few fundamental components should be taken into account in order to explain how Maa$S

system communicates with and fulfills the needs of its users:

* Customer segments: the suppliers’ intended market customer.
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* Satisfaction and feedback: how well customer input is gathered and used to enhance
services and guarantee that user needs are consistently satisfied.

* User happiness: the general level of user happiness with the Maa$ system, sometimes
ascertained by app ratings or surveys.

* User retention and loyalty: long-term user loyalty is indicated by the percentage of
users that stick with the MaaS$ system over time.

* User preferences and personalization: how much the Maa$ system customizes travel
options based on user behavior, preferences, and past usage patterns.

* User trust and data privacy: how much users trust the system to protect their money
and personal information.

* User involvement in development: the part users play in the system’s ongoing progress,
as demonstrated by community involvement initiatives, feedback loops, and beta
testing.

* User travel habits: how much the MaaS service affects and modifies users’ travel habits,
such as switching from driving a private vehicle to using public transportation or
shared mobility choices.

The MOST suggests that the following KPIs be taken into account in order to efficiently
monitor a Maa$ system’s user dimension: variability in user groups; monthly count of newly
registered users; average user happiness based on reviews in the app store or surveys;
percentage of consumers that stay on the service for more than one month; percentage of new
users that sign up for the service as a result of recommendations from current users; average
time to book a reservation from beginning to end; percentage of active users that use the

platform often; how many people switch to premium or paid services.

4.11.5 COMMUNITY DIMENSION

The community dimension takes into account the Maa$ system’s wider implications on the
community, specifically with regard to its consequences on the environment, society, and
economy. It measures the system’s contributions to lowering environmental effect, advancing
social justice, and bolstering regional economic growth.

A MaaS system’s community dimension should be monitored using a number of KPIs, all of
which should be taken into account. These KPIs aid in evaluating how the system affects the

neighborhood and how it advances more general social and environmental objectives:
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reduction of carbon emissions from transportation-related activities as a result of the MaaS
system’s implementation; reduction in the quantity of single-occupancy vehicle journeys; an
increase in Air Quality Index (AQI) ratings; total amount spent on Maa$ system-related
municipal infrastructure development and transportation; percentage reduction in the
amount of traffic congestion in MaaS-served locations; measurement of the distribution of

MaaS services’ equity among various demographic groupings.

4.11.6 CONTEXT DIMENSION

The local and regional factors that might have an impact on the acceptance and deployment
of Maas$ systems are considered in the context dimension. Urban development, regulatory
frameworks, cultural aspects, policy frameworks, and transportation infrastructure are all
included in this.

In order to conduct a thorough analysis of the contextual dimension of MaaS$ system, it is
necessary to take into account a multitude of factors that influence the system’s deployment

and operating surroundings.

* Legal and regulatory environment: the set of rules, laws, and guidelines that control
how the Maa$ system is put into place and run.

* Cultural and social context: the population’s cultural norms, attitudes, and behaviors
that might have an impact on the Maa$ system’s acceptance and use.

* Existing transport infrastructure: how well the Maa$ system connects with or
complements the existing transportation infrastructure, such as roads, public transit,
and bike lanes, as well as its availability and quality.

* Technological infrastructure: the condition of the digital infrastructure that underpins
the Maa$ platform’s operation, such as the availability of real-time data systems,
smartphone diffusion, and internet coverage.

* Economic conditions: the region’s economic background, encompassing employment
rates, income distribution, and the general affordability of Maa$ services for
consumers.

In order to determine the MaaS$ system’s efficacy in the contextual dimension, it is
recommended that numerous KPIs be monitored. The MOST selected ones are: observance
of regulations; the quantity and worth of government incentives offered to promote the

service; the proportion of the intended audience that has embraced the Maa$ system; number

59



of public awareness efforts aimed at promoting Maa$S advantages; the extent of Maa$S
integration with current public transit systems; amount spent on enhancing or growing the

infrastructure needed to enable Maa$; corporate sustainability reporting directive integration.
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Key Value Indicators

Key Value Indicators (KVIs) provide a framework for involving stakeholders and innovators
in a collaborative process to identify shared values and defined objectives for societal benefits.
They help turn these targets into specific design and development needs and assess both the
targets and the innovation based on societal values. The ultimate goal is to encourage the

widespread adoption of the solutions that result from this process.

“KVIs: quantitative or qualitative indicators for gauging effects on values as outcomes. The
purpose of KVIs is to gauge the impact from the execution of a use case in terms of economic, social
andyor ecological benefits (gain) or detriments (loss). KVIs are bere defined as metrics, either on
a qualitative scale (good-bad, etc.), or when possible on a quantitative scale (high- low, etc.) 7 *

KVTIs difter from KPIs in that they provide greater understanding into human-related factors

and can require conversations and creativity to emerge [69].

In this thesis we shall focus on six KVIs: social inclusion, user experience, community impact,
behavioral change, innovative solutions, and flexibility. These indicators have been chosen for

their relevance in capturing the diverse dimensions of value that innovations can offer.

'p.8in [59]
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5.1 SOCIAL INCLUSION

First of all, MaaS$ greatly influences transportation services by combining different mobility
options and experiences, supplying to a variety of social groups. Providing equitable access to
social and economic opportunities is one of the primary objective of the transportation
system. It is critical to comprehend who gains from transportation services and if the
expenses and benefits are distributed fairly across various demographic groups. However, the
adoption of Maa$ can escalate transport disadvantages and digital inequalities if different
social groups are unwilling or unable to utilize these services.

Nima Dadashzadeh’s [16] research nominated the Maa$S Inclusion Index (MaaSINI),
designed to evaluate inclusion inside Maa$ services. This index focuses on the needs of
vulnerable social groups (VSGs) at a service level rather than a city or area level. The MaaSINI
harmonize with the United Nations Sustainable Development goal 11, which emphasize the
importance of inclusive, safe, resilient, and sustainable transportation systems. Ensuring
public transportation accessibility is crucial to achieving this goal.

VSGs are identified as:

1. Elderly people (ELD): individuals who are 65 years old and above, including people of
all genders and income ranges.

2. Persons with disabilities (PwDs): individuals of any age, gender, and income level with
disabilities.

3. Low-income people (LIP): individuals who have a low income, regardless of their age,
disability status, or gender.

These groups have unique travel behaviors and have particular transportation requirements.
Meeting these needs is crucial for promoting fairness in transportation and reaching inclusive
mobility solutions through MaaS.

According to Lucas K. [23], accessibility can be evaluated using either a location-based
approach, which targets on geographical distances between places, or a person-centered
approach that takes in consideration individual characteristics, resources, capabilities, and
time constraints.

Individuals who have a driving license and no physical or cognitive disabilities can be offered
mobility plans that include both car-sharing and public transportation options. Contrarily,

for those without a driving license, mobility plans should focus on alternative solutions and
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exclude car-sharing options. For persons with disabilities who face physical or cognitive
challenges that prevent them from using PT, the plans should exclude public transportation,
particularly where it is not accessible. Besides, while some Maa$S providers have introduced
discounted packages, such as those for students, it is also crucial to consider low-income
individuals. These individuals often rely on affordable transportation options like PT, and for

this reason, their needs should be taken into account during the design of mobility packages.

The integration of factors such as possession of a driving license, physical or cognitive abilities,

and income levels significantly influences users’ intentions to subscribe to Maa$ services [10].

Kamargianni and Matyas [57] present the following findings: there is considerable variety in
users’ attitudes towards Maa$ plans based on their socio-demographic characteristics and
travel habits. Less expensive plans that include public transportation and bike-sharing
options tend to attract students, retired individuals, and middle-income people who are more
price-sensitive. In contrast, more expensive plans that also include taxi and car-sharing

options are more appealing to high-income individuals.

The least likely demographics to sign up for Maa$ programs include those who are old, have
limited incomes, or solely utilize one mode of transportation. Nonetheless, younger

individuals are more likely to subscribe, particularly those in their 20s and 30s.

VSGs encounter distinct challenges and have specific needs when using transportation
services and mostly using technologies. To effectively address these challenges, several key
accommodations are necessary. Firstly, a Maa$ app designed for VSGs should prioritize
accessibility features. This includes adjustable text and icon sizes, as well as color adjustments
to assist individuals with visual or hearing impairments. Additionally, providing real-time
information is crucial, such as data on crowding levels and seat availability in public
transportation services. Moreover, real-time navigation information is essential for facilitating
multimodal journeys. This should include detailed information on access routes, station
locations, and estimated waiting times. For individuals with mobility impairments, it is vital
to offer customized transportation services, such as wheelchair-accessible options. Finally,
affordability is a key consideration. Providing subsidized mobility packages or
Pay-As-You-Go (PAYG) options customized to different income levels is important to ensure
that transportation services are accessible to all. By implementing these accommodations,
transportation services can become more inclusive and equitable, providing to the diverse

needs of all users.
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5.1.1  MAASINI

The Maa$S Maturity Index (MMI) was created by Kamargianni (2016) [47] to assess a city’s
or region’s preparedness to deploy Maa$ based on the density and availability of different
transport modes. Nevertheless, a number of important factors are not specifically taken into
account by the MMI, including the incorporation of parking data into the MaaS$ platform,
the platform’s accessibility and usability for vulnerable social groups, and the accessibility of
the transport modes offered in MaaS bundles for these groups. Yet, it neglect the need for
customized journey planning that accounts for accessibility and the development of tailored

mobility packages or bundles that consider users’ socio-demographic characteristics.

5.1.2 CONSIDERATIONS

Social inclusion as a KVI offers significant social and economic benefits because it ensures
that MaaS$ adapts to the diverse needs of users and addresses economic disparities. However,
integrating social inclusion with other KPIs can present challenges. For instance, KPIs
focused on minimizing costs, increasing efficiency, or reducing kilometers per trip which
might conflict with the goals of social inclusion, potentially leading to trade-ofts between

equitable service provision and operational efficiency [13].

5.2 USER EXPERIENCE

User experience (UX) in the context of MaasS refers to the total user experience that a user has
when using a platform or service. This includes a variety of factors such as the service’s
usability, accessibility, efficacy, and level of pleasure that affect users’ views and interactions
with it. Optimizing user experience is crucial to promote broad adoption [46].

MaaS services should be customized to align with individual preferences, which often include
considerations such as speed, environmental impact, safety, and convenience. The goal of
MaaS is to present an attractive value proposition by achieving high levels of efficiency and
user-friendliness, positioning itself as the preferred option. This means being more
sustainable, cost-effective, and supportive of wider social and environmental goals [79].

A few crucial elements need to be taken care of in order to guarantee a satisfying user
experience. The service must be user-friendly in the first place; it must be designed so that
anybody may use it without difficulty. The service must be used by people with disabilities,

which means that accessibility is a must. Customization is crucial because it may enhance the
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relevance and usefulness of a service by accommodating the preferences and needs of each
individual user. Consistent performance is essential; the service should reliably meet user
expectations without fail. Real-time updates are also important, providing current
information on travel conditions, schedules, and availability to help users make well-informed
choices. The payment and ticketing processes need to be seamless and easy to use, ensuring
smooth transactions and effective equivalent management. Additionally, responsive customer
support should be available to offer assistance as needed. In conclusion, maintaining trust and
security is vital; the service must secure user data and transactions to build confidence.

In Joy Richardson’s research [46], twelve heuristics and sub-heuristics relevant to MaaS

interfaces have been identified. Key ones include:

* Aesthetic and minimalist design: focus on clean, attractive design to simplify user
input and enhance visual clarity.

* Clear language: use straightforward and accessible language that is easily understood by
a wide audience.

* Intuitive user flow: reduce cognitive effort by streamlining interactions and
minimizing the need for users to remember information.

* Immediate feedback: provide users with timely updates on the application’s status
through prompt notifications.

* User empowerment: allow users to maintain control with flexible and efficient usage
options.

* Build trust: ensure the app prioritizes privacy and security to foster user confidence.
* Error prevention: design the system to reduce the likelihood of user mistakes.

* Inclusive design: avoid requiring advanced I'T skills, support diverse mobile
environments, and consider accessibility needs such as color blindness.

§.2.1 EVALUATION METRICS

Numerous indicators are used to gauge and enhance customer satisfaction and are crucial for
evaluating the user experience. The Customer Satisfaction Score (CSS) and the Net Promoter

Score (NPS) are two of the most essential.
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Customer satisfaction is defined as the assessment a customer makes of a product or service
after using it. The performance of the product as perceived by the customer, its actual
performance, the degree to which it meets or exceeds expectations, its performance in
previous consumption episodes, and the expectations and performance of competing
offerings are all factors considered in this evaluation. The complete happiness of the client

with the product or service is shaped by these factors taken together [62].

NPS was introduced by Reichheld in the Harvard Business Review [34]. Users just respond
to a question and then rate it. Customers that provide a rating of o to 6 are labeled as
“detractors”, 7 to 8 as “passive”, and 9 to 10 as “promoters”. The NPS index, which is
expressed as a percentage [7], is obtained by subtracting the percentage of critics from the

percentage of promoters without accounting for the passives.

§.2.2 PRIVACY CONCERNS

With advancements in communication technology, the IoT, and the increasing accumulation
of personal data for online services, information privacy has emerged as a critical
socio-technological research issue. Within the field of MaaS$, privacy considerations have been
marked as a significant matter that could hinder the achievement of its goals. Despite this,
concerns about privacy from end-users have yet to be thoroughly addressed. The success of a
MaaS system is closely linked to users’ willingness to share their personal data. Maa$ heavily
depends on personal data even if its goal is to improve mobility services to better meet
customer expectations. Reducing the need for separate ticketing and payment systems, Maa$S
offers a consolidated digital platform that unifies many services, including booking, ticketing,

payment, and real-time updates [60].

Significant volumes of personal data, including time, location, and individual travel habits,
are required in order to fully profit from these services. In some instances, like with
car-sharing services, additional information such as preferred travel modes, vehicle access, and
driving license details may be required to further adapt the service. The collection of personal
data by Maa$ providers inevitably raises privacy concerns, which can be viewed as perceived
risks. These perceived risks pertain to how individuals feel about potentially losing control
over their personal information, which could result in misuse or unauthorized secondary use

of their data, or uncertainty regarding their mobility-related information.
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5.3 COMMUNITY IMPACT

MaaS$ development and implementation have important consequences for the economy and
society as a whole. Notable advantages include new job creation, chances for creative
businesses, investments in cutting-edge digital infrastructure and technologies, and enhanced

quality of life.

5.3.1 JOB CREATION

As presented in the Maa$ Alliance, 2017 [3], Maa$S contributes to job creation and the
transformation of existing roles in several ways. MaaS$ platforms require a range of staff for
operations, customer support, technology development, and infrastructure maintenance.
MaaS$ platforms typically drive direct employment growth by increasing the demand for
various transport services. As more people adopt and use these services, transport operators,
including drivers and maintenance staff, see a rise in job opportunities. Additionally, Maa$S
platforms generate employment in technology-driven sectors. Developing and maintaining a
Maa$ app requires a professional team, comprising software developers, data analysts, and I'T
support workers. These positions are essential to guaranteeing the app’s usability, security,
and operation.

The Maa$S operator may be a commercial business, a local government agency, or a provider
of public transportation services. Their primary role is to integrate different transport services
and offer them to users through a single digital platform [22]. This consolidation of services is
an example of how MaaS$ contributes to job creation.

MaaS fosters innovation by facilitating the birth of new business models, including
micro-mobility services, integrated ticketing solutions (e.g., multi-modal tickets, contactless
payments using NFC, subscription models), and ride-sharing startups [88].

The smooth operation of Maa$ depends on investments in digital platforms and technology,
including mobile apps and Internet of Things devices. These investments subsequently drive
expansion within the technology sector. Examples of IoT devices include sensors, which
detect trafhic-related information and convert it into electrical signals, thus enabling
intelligent traffic control. As well, control units process these signals from the sensors and
issue commands for execution. Actuators then carry out these commands, typically using
pneumatic, hydraulic, or electric mechanisms. Finally, network modules play a crucial role by

transmitting data between sensors and a remote control center, using both wired and wireless
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communication methods to ensure seamless data flow and system integration [35].

5.3.2 QUALITY OF LIFE

Quality of Life (QoL) has often been mentioned in many studies as an important factor to
consider. On the one hand, raising people’s level of living requires raising their mobility. But
maintaining a high level of life also involves fostering an environmentally friendly atmosphere,
which entails minimizing the damaging effects of transportation on the environment. As a
result, we can directly connect increases in quality of life to environmental impact, a critical
performance measure that we previously talked about. Among the green transportation
options that don’t discharge potentially harmful substances into the environment are
walking, bicycling, and electric autos. These eco-friendly forms of transportation improve
public health and overall well-being by reducing exposure to air pollution.

QoL includes aspects like stress management in addition to physical health. MaaS, which
offers real-time information about public transportation timetables and traffic conditions,
helps reduce the anxiety and stress that come with travel. Maa$S may considerably reduce
consumers’ stress levels by improving their trip’s predictability and efficiency, which will
further improve their well-being [63]. QoL also encompasses a variety of factors beyond just
health and stress reduction. It includes economic stability, access to essential services, and
social well-being. Better access to social activities, educational possibilities, and employment

chances, for instance, can result in a more well-rounded and balanced lifestyle.

5.3.3 (CONSIDERATIONS

Maa$ may be greatly improved by community impact through favorable social,
environmental, and economic effects. Socially, MaaS improves accessibility and quality of life
by offering convenient transportation options and encouraging community cohesion.
Environmentally, it contributes to reduced emissions. Economically, Maa$ generates job

opportunities and provides cost savings through integrated ticketing systems.

5.4 DBEHAVIORAL CHANGE

MaaS$ aims to change people’s travel patterns and behaviors, with a particular emphasis on

lowering reliance on private vehicles. The effects of private automobiles on the environment,
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traffic congestion, urban space (such as park space), public health, economic issues, and road
safety have already been mentioned.

Travel habits are closely related to the various phases of our life. It includes the choices we
make on where to move while engaging in different activities. Travel behavior includes more
than simply the practical aspects of moving from one place to another; it also takes into
account our feelings, attitudes, perceptions, and beliefs, all of which affect how we act and
how we feel about ourselves overall. Whether these travel decisions are based on careful
reasoning or intuition, they reflect deeper motivations that can be explored through research
and analysis [49].

A person’s general thoughts or sentiments toward a particular mode of transportation, such
as cars, bicycles, or public transportation, are characterized by their travel attitude, which is a
psychological term. This attitude indicates how much a person loves or hates a specific kind
of transportation, and it may affect their decision-making when choosing a method of
transportation. Numerous factors, including as individual experiences, societal pressures,
cost, convenience, and perceptions of comfort or safety, impact these opinions.
Comprehending the attitude of travel is crucial as it provides an explanation for individuals’
decisions in travel and may guide initiatives to promote environmentally friendly modes of
transportation [44].

The travel attitude can be qualified as positive or negative. Positive travel attitudes really
indicate that the individual has a favorable opinion of or preference for a specific form of
transportation. This might be the result of a number of factors, including cost-effectiveness,
comfort, convenience, the environment, or personal delight.

Nevertheless, a negative attitude toward travel suggests that the individual has a bad opinion
of or distaste for a certain kind of transportation. This unfavorable opinion may result from
things like pain, perceived inefficiency, expensive price, worries about safety, or annoyance.
For instance, someone with a bad attitude on public transportation may avoid utilizing buses
or trains whenever possible because they believe them to be congested, unreliable, or sluggish.
These mindsets may have a big impact on how someone travels, influencing how they choose

to commute, travel for fun, or do everyday errands.

5.4.1 SHIFT IN TRAVEL BEHAVIOR

Research demonstrating the interdependence of attitudes and behavior by Dobson et al.

(1978) [20] and Reibstein et al. (1980) [18] was conducted by the late 1970s. As the 2000s
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progressed, research conducted by Bagley et al. (2002) [6] revealed that views about travel are
not only influenced by travel behavior but also differ based on an individual’s place of
residence. For example, residents of suburban neighborhoods often have favorable attitudes
toward driving, while those living in more urban areas typically hold positive views towards
public transportation and active travel. Given that people frequently use the same mode of
transportation for specific types of trips (i.e., habitual mode choice), attitudes are likely to
influence travel behavior primarily when there is a change in the travel context. A change in
home or location of employment, the arrival of new transportation alternatives, or situations
that make some forms of transportation impracticable might all lead to such a shift in context.
According to research, a shift in environment might cause people to reevaluate their behavior
and upset ingrained habits, reintroducing attitudes as a factor in decision-making [82]. Also
after COVID-19 pandemic have resulted in significant shifts in urban travel behaviour for
long periods of 2020 [15].

In conclusion, encouraging urban living is frequently proposed as a means of discouraging
the use of cars. Individuals that drive a lot may be more likely to reside in suburban-style
neighborhoods because of easy access for cars and less parking issues. Those who enjoy taking
public transportation or going on active travels may choose living in an urban neighborhood.
In urban regions, public transportation is readily available and often well-organized, and

destinations are typically accessible by foot or bicycle due to high density and land use
mixing [43].

5.-4.2 SHIFT FROM OWNERSHIP TO USAGE

Changing from the old norm of owning a car to utilizing transportation services only when
necessary is one of the major changes that MaaS promotes. Rather of requiring every
individual to purchase a private car, Maa$S encourages on-demand access to a range of
transportation choices. This change has the potential to result in a large decrease in the
number of cars on the road, which will lessen traffic congestion and the negative effects that
transportation has on the environment. This may be achieved by combining various forms of
conventional public transportation, such as cabs and buses and trains, with private services.
MaaS$ also includes car-sharing, ride-sharing, and bike-sharing services as shared mobility
solutions.

Maa$ denotes a shift from owning a car to having access to transportation, which can have a

number of effects on day-to-day living. For example, it can make commuting more
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convenient and reduce the need for parking spaces, thus realising urban areas. It also offers
potential cost savings for individuals who might otherwise spend money on maintaining and

insuring a private vehicle.

5.4.3 (CONSIDERATIONS

Behavioral change has a range of positive impacts that enhance MaaS$. It helps the
environment, saves money, and relieves traffic congestion by using fewer vehicles.
Additionally, it encourages a change from depending exclusively on vehicles to a variety of
modes of transportation, which results in more sustainable and efficient travel. Nonetheless,
there are potential challenges. For instance, transitioning away from private cars may require
significant adjustments in infrastructure and public transport systems to meet new demands.
There might also be resistance from individuals accustomed to the convenience of personal

vehicles, which could hinder the adoption of alternative modes of transport.

5.5 INNOVATIVE SOLUTIONS AND FLEXIBILITY

Innovative solutions aim to introduce new technologies and methods to intercept existing
challenges or enhance transportation systems by incorporating flexibility. This covers new
service models like on-demand transportation services and integrated transport alternatives, as
well as technological innovations like Intelligent Transport Systems (ITS).

The capacity of a system to adjust to shifting circumstances and user demands is referred to as
flexibility in transportation. In order to accommodate changing demand and regional
regulations, it entails making real-time adjustments to routes, timetables, vehicle types, and
payment options. So, for example, a ‘bottom up’ approach to meeting demand which reply
straight to end user needs [65]; or flexible transport system (FTS) which is an emerging term
which covers services provided for passengers that are flexible in terms of route, vehicle

allocation, vehicle operator, type of payment and passenger category.

5.5.1 ADAPTATION TO USER NEEDS

A critical aspect of Maa$ is how well the platform adapts to the changing needs and
preferences of its users. Designing a Maa$ application that aligns with user preferences

involves several challenges, particularly in delivering the right travel information and features.
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Recent academic research has clear up on what travelers value most when choosing their
modes of transport. Key factors include accurate information on travel time, parking costs,
and crowding levels. These factors are typically used by travelers to inform their decisions,
hence a successful Maa$ platform needs to offer current and pertinent information on these
factors.

Research also shows that a range of socio-demographic (e.g., age, income), travel-related (e.g.,
commute frequency, distance), and attitudinal (e.g., openness to new technologies)
characteristics impact customers’ choices for MaaS$. For instance, younger people, college
students included, tend to be more interested in implementing alternative mobility solutions
like Maa$S. This demographic is typically more receptive to innovative transportation options

and is more likely to use integrated mobility services [50].

5.5.2 INNOVATION ADOPTION RATE

Infrastructure preparedness, legal frameworks, and technology improvements all have an

impact on the rate at which Maa$ innovations are adopted.

* Technological advancement: accessibility and caliber of digital infrastructure,
including data analytics and mobile networks, are vital. The user experience and
operational efficiency may be improved by advanced technologies like sG, IoT, and Al,
which will encourage adoption. Consequently, the introduction of §G technology
greatly increases bandwidth and data transmission speeds, thereby satistying the low
latency requirements of MaaS$ systems. Moreover, sG makes it easier to incorporate
IoT technology into MaaS$ systems, which boosts intelligence and efficiency. Future
research in the development of Maa$ systems should focus on this synergy between sG

and IoT [35].

* Legal environment: adoption can be accelerated by laws and policies that promote it,
such as those that integrate shared mobility services with public transportation,
provide subsidies for them, and establish data-sharing protocols.

* Infrastructure readiness: prior to making Maa$ plans, decision-makers should ascertain
how near a city is to meeting these requirements. As shown before, the “Maa$S
Maturity Index” [48] was created by a research. This gauges a city’s readiness to adopt
Maa$ based on attributes along five dimensions: the degree of infrastructure and ICT
infrastructure for better MaaS implementation, the degree of openness and inclination
of transport operators towards Maa$S and data sharing, the propensity and awareness of
users, the level of regulation and legislation involved.
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A case study

Urban mobility is being revolutionized by Maa$, an integrated transportation paradigm that
combines different modes of transportation into a single, simple to use platform. This
creative method promotes ease and sustainability while enabling customers to easily plan,
schedule, and pay for their trip. With the support of 40 million euros in NextGenerationEU
grants, the MOST is spearheading the development of MaaS$ solutions, with a special
emphasis on modern VRDPs to optimize urban mobility. Traditional vehicle routing
difficulties, such real-time VRDPs, feeder VRPs, and collaborative VRPs, have changed as cities
grow and urban networks becoming more intricate. In the context of public transportation,
the dial-a-ride issue, employee bus routing, and school bus routing are the three main issues
that need to be addressed in order to optimize shuttle bus networks. This case study aims to
investigate an avant-garde shuttle bus routing system that combines conventional operational
research (OR) methods with contemporary transportation trends. A number of primary
objectives guided the creation of the shuttle service: ¢fficzency, which seeks to ensure that
shuttle routes minimize overall travel time; sustainability, which tries to minimize shuttle
services’ negative environmental effects through route and passenger load optimization;
equity, which guarantees that all customers in various metropolitan zones receive equitable
and easily accessible services; and environmental stewardship, which employs smart routing to
lessen the service’s carbon impact. In Chapter 4, various KPIs are discussed, each oftering
critical insight into how the shuttle service performs in terms of equity, efficiency, and

environmental sustainability. For instance, section 4.8 evaluates how well shuttle routes
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reduce the amount of time spent traveling overall. This metric evaluates how successfully the
shuttle service plans and schedules its routes to guarantee that customers experience the
fewest delays and the shortest travel times. Section 4.7 illustrates how the shuttle service
affects the environment by contrasting carbon emissions before and after MaaS$ solutions are
putin place. Reduced emissions demonstrate the shuttle service’s dedication to protecting
the environment and its part in reducing global warming. Section 4.10 determines the
geographic area in which Maas$ services are offered and the ease with which consumers may
get transportation alternatives in order to assess equality.

This design considers penalizing solutions that fall short of important goals, especially those
that have lengthy routes, uneven beginning sites geographically, or unfair tours based on user
distribution and needs. To address these concerns, the method focuses on using a unique
MILP approach to create optimal shuttle routing. While upholding the core objective of
streamlining the transportation system, this strategy highlights the significance of motivating

the service’s utilization by matching the shuttle system with user demands.

6.1 PROBLEM DESCRIPTION

The primary objective of this case study is to optimize a single shuttle vehicle to accommodate
on-demand requests by combining an efficient dial-a-ride problem with an orienteering
problem. The urban network is represented as a directed graph with road connections
represented by edges and shuttle stops as nodes, all of which are weighted by journey time.
Under two main restrictions, users request to be picked up at stops and transported to a

shared destination:
* instant arrival at the stop (users need to be picked up at certain times);

* maximum ride time (making sure people get at their location in a reasonable amount of
time).

This challenge has a multi-objective approach that seeks to:
* reduce the service’s total effect (such as its social and environmental costs);
* get the most users possible served;

* cut down on how long it takes to get to the shared location.
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6.1.1 NOTATION, DEFINITIONS AND ASSUMPTIONS

The urban network is modeled as a strongly connected graph G = (75, E), where:

* vertex set V), = VU {0}, where 7 = 0 denotes the common destination (e.g. a central

hub);
* set J C V) contains all the remaining shuttle stops 7 = 1, ..., #;
* neighborhood N; contains adjacent stops to i, destination may be included;

* edge set: £ C Vy x V) contains route connections between shuttle stops;

each edge (i,j) between two stops has several attributes:

— an edge (i,j) is weighted by time span L,; > 0 to travel from i to j;
— an edge (i,j) also accounts for the distance Z;; > 0 to travel from i to j;

— an edge (i,j) also considers the average number of lanes, representing road
capacity, V5 € N while travelling from i to j;

* apath from i to j: 7; weighted as the edges by 7, Ly;, 7,3 which are respectively the
attributes of travel time, distance and number of lanes;

* decision, i.c. selected shuttle bus route: 7% = #7,. This denotes the optimal path
chosen by the shuttle bus.

Users represent the passengers who request the shuttle service. The notation used for users is

as follows:

* user requests: users are labeled starting from 1 onward as soon as they make a request;

* user set U, contains all the users at each stop, waiting to be picked up at that stop
7€ Vo;

* maximal service time for all users: 7" > max,c y ,0; this ensures no user is picked up
after this time;

* arrival time instant for user # € U;: a,, € [0, T); this represents the time when the
user is expected to be picked up;

* maximum ride time for user # € U;: r;, € [0, T); the maximum time a user # is
willing to spend riding the shuttle stop from stop 7 to destination;
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vehicle efficiency (consumption) of user € U: 8, > 0; it depends on factors like
vehicle’s load and road conditions;

vehicle length of user # € U;: /;, > 0; physical space or length required for user # in
the vehicle. Relevant for planning the capacity of the shuttle service;

decision — list of served users: v* € {0, 1}Vl represents the list of users
selected to be served. It is a binary decision variable: 1 is selected, 0 not.

The shuttle bus itself is modeled with several constraints and operational parameters:

2

a single shuttle bus is considered;

maximum capacity: number of passengers allowed in the shuttle bus Q € N; the
shuttle bus has a limited capacity;

previous location of the shuttle bus / departure depot: z € V;

shuttle bus efficiency: £, > 0; fuel or energy consumption efficiency of the shuttle
bus. Important for minimizing operational costs and environmental impact;

shuttle bus length: /s; > 0; may influence route selection (e.g., certain routes may
not be suitable for longer vehicles);

decision — departure time schedule: dF € [0, 7], 7=0,1,2,...,n; the optimal
departure time for the shuttle bus from each stop 7, which must be determined to meet
user needs while minimizing the total service time.

OPTIMIZATION AND DECISION VARIABLES
selected shuttle bus route: 7% = 77, = (s, x*);

s5; € {0,1}, s.ts; = 1if 7 = 7* is chosen to be the starting node for the tour,s; = 0
otherwise;

x5 € {0,1}, s.t. x; = lif edge (i,j) is traversed, x;; = 0 otherwise;

list of served users: v* € 0,1,V +IUl;

v, € 0,1}, s.t. v, = lifuser # € Uj s served, v, = 0 otherwise;

departure time schedule: * € R%}'; the values of d depend on the arrival times and
travel times between stops;
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* d; €[0,T],s.t.d; < d;if stop i € V is reached earlier that stop j/ € Vin 7*; by
convention d;, = 0 if stop £ € V'is not traversed;

* selected class of users at each stop: y* € {0, 1},

* yg € {0,1}, s.t. yy = 1if thel-th class is chosen at stop i, y; = 0 otherwise.

6.1.3 OPTIMIZATION STRUCTURE

Stage 1: the first stage aims to minimize the cost or objective function.

{5(1),36(1), U(l)} = drgmz'ﬂj,x,v,d,y](fa X, 0)

subject to I'(s, x, v, d, y)

where:

* I(s,x,v) is the service impact (the term “impact” has a negative connotation)

* the constraint I'(s, x, v, 4, y) represents the set of navigation constraints that can
involve logical, spatial, temporal, or capacity constraints on the route, user service,
timing, and user class decisions. In particular, we denote

s: shuttle route starting node selection;

x: shuttle route edges (which stops are visited and the connections between
them);

— v: user service decisions (which users are served);

d: departure time schedule;

y: user class selection at each stop.

Stage 2. the second stage focuses on maximize the probability of serving users, denoted as

P(v), while keeping the cost function (s, x, v) equal to the minimum value found in Stage 1.

{s,2® 0@} = argmax, . , 4, P(v)

subject to I'(s, x, 0, d, y) N (s, x,0) = I(s\, £, o)
where: P(v) is number of served users.
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6.1.4 SET OF NAVIGATION CONSTRAINTS
The set of constraints Gammal(s, x, v, d, y) is comprised by the following equalities and
inequalities.
Vertex flow equations:
LY epsi=1
2. Z(i?o)eExl'() - 1
3. 5+ Z(/,z’)EExﬁ = Z(g)eExg,Vz' eV
Avoid subtours:
4. Z(iy‘) vy SLVieV
Time sequence of departures:
s. (T—tp+ L‘Z])xlj +d;i—d; < T— to,V(7,7) € E
6. dl' < do — Z(z'zj)EE(tf]‘ + l}'o)xl]', VieVlV
Selection of classes:
7. Z?:]_yz'l S Z(;‘J)eExl_'f’\V/i ev
Satisty users’ requests on arrival and ride times:
8. Z?:I a;yi < dl-, Viel/
9. do = iy aqyn < Yoy raya + T(L= 300 ) Vi€V
Selection of which and how many passengers:
10. ZZ‘EVZ;:EU, Vin S Q
11 0y <D Ya@y, Vi € V.Nu € U
Valid inequality (to avoid subtours):
12. x5 +x; <1,V(i,j) € E
Valid inequilities (to keep d; values as small as possible):
13. d; < E(z’J)EE(T_ ty—to)x;, Vi€V

14. T—dy > x,0(T — tn) — d;, Vi € Vsuch that3(7,0) € E
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6.1.5 SERVICE IMPACT: COEFFICIENTS

In the optimization structure introduced in subsection 6.1.3 the service impact has been

defined as

](5, X, U) = Z Zqi]’xi]’ + {BZ Z mz’u<1 - vz’u)

i€V jEN; i€V ucU;

Below we discuss the selection of the coefficients in (s, x, v).

* g; = Ly represents the length of the shuttle bus route between points 7and ;. This
value accounts for the distance traveled by the shuttle on a specific route segment. The
total cost of the shuttle’s travel is calculated by summing up the lengths of all selected
routes. This is directly linked to several KPIs, which aim to reduce fuel consumption,
enhance the focus on environmental sustainability, lower service costs, and improve an
eco-friendly system. Refer to Chapter 4 for more details.

Lz’O
maxye yLio
7 = 0, normalized by the maximum distance max;e - Ly across all users. This captures

the geographic impact of not serving a user based on how far they are from the

* my, = - B+ reflects the relative distance of user 7 to the common destination

destination. The fairness factor 8, accounts for the socio-economic status of user z,
where it reflects the size of their residence (in square meters), representing their relative
social standing. Together, these elements quantify the cost of not serving user #,
considering both the distance they would need to travel on their own and their
socio-economic situation. The previously described KVIs, Chapter s, provide
justification for this decision. These KVIs likely emphasize the critical importance of
fairness and user satisfaction in the performance of the system or service under study.
In this context, prioritizing the user experience, promoting social inclusion by ensuring
fair access, and considering the impact on QoL become central.

* The decision to set 8 = 100 strengthens the alignment with strategic goals of the
previous point, even though it may involve a trade-oft with environmental objectives,
such as minimizing carbon footprint or other ecological concerns. While
environmental sustainability remains important, the high value of 3 reflects a deliberate
choice to prioritize user satisfaction and fairness, as these factors are likely more directly
tied to the service’s success and effectiveness in the current model.
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6.2 NUMERICAL SIMULATIONS

This section reports on the results of the numerical simulations used to assess how well
various optimization strategies performed in running an urban shuttle service. The
simulations’ main goal is to illustrate the reduction of the “negative” service impact, which is a
confluence of socioeconomic, environmental, and economic variables. A greedy heuristic and
a MILP approach are both tested in the simulations. Our objective is to evaluate how well
these strategies serve users while balancing a number of restrictions, including sustainability,

equity, and user satisfaction.

6.2.1 SETUP

The simulation has been implemented in the Portello area, Padua, Italy (0.35k7?). Road
intersections, shuttle bus stops, and a shared destination have all been completed in the road

connectivity process. Time-weighted stop links are used.

Dipartimenifii
Fisica Galileo Galiei

Figure 6.1: Case study taken into consideration.

Figure 6.1 shows a map of the Portello area with various points marked (some in black and

some in pink), likely representing bus stops or key locations within the service area. The black
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circles represent the road junctions. Pink circles represent the shuttle bus stops specified with
different numbers. The red point indicates the common destination, also called the central
hub. Black arrows indicate road interconnections. The blue arrows show the time-weighted
stop links. The purpose of the case study is to optimize shuttle routes in this area to reduce
travel time, increase efficiency, or cover as many key locations as possible within a short time
frame.

To simulate the service impact and evaluate the effectiveness of different algorithms in
managing a shuttle service, we generated user data based on certain probabilistic distributions.

Specifically, the house surface areas for each user were derived using the formula:
house surface = 30 + 270 - x

where x is a random variable sampled from a beta distribution (parameters (2, 8)). This choice
of distribution reflects the socio-economic disparities, with a right-skewed shape that indicates
a higher likelihood of users having smaller homes, akin to the distribution of income.

For the optimization tests, we used the following setup.

* To build MATLAB has been used, which is used for algorithmic calculations and
numerical simulations. We used GUROBI, a cutting-edge optimization tool known
for its effectiveness in managing challenging numerical computations, to solve the
MILP issues. The accuracy and dependability of the findings provided are guaranteed
by the use of these specialized instruments.

* Each user is assigned a set of parameters, such as their desired pick-up node (urban
shuttle stop generated with a Poisson-Point process having density equal to so
people/0.95 km?), time of readiness at the stop, and maximum acceptable travel time
(7" = 10 minutes). These parameters allow us to simulate realistic user behavior and
optimize shuttle routes accordingly.

* Each arrival time window (7;,) for each user is calculated as 7, = T — a;,,, where
T = 600s seconds is the maximum travel time allowed, and 4 represents the user’s
arrival time at the stop, which is uniformly chosen in the interval [444, 564]s.

The solution found minimizes the “service impact” I(s, x, v) considered in Subsection 6.1.5.
The parameter 8 is set to 100 to give more weight to user-centric and fairness objectives over
environmental concerns. This change reflects the decision to prioritize user satisfaction,

though this rationale is not directly discussed in terms of optimizing results.
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6.2.2 REsSULTS

As displayed by Table 6.1, 42 users have been generated via the Poisson point process.

id number | hop-onstop | a(inseconds) | r(inseconds) | house surface
1 8 $34.3240 65.6760 82.4584
2 1 427.9673 172.0327 36.4926
3 10 393.2074 206.7926 46.3677
4 4 499.3363 100.6637 67.0302
5 13 426.7734 173.2266 142.2774
6 I1 375.4018 224.5982 755584
7 7 447.8865 152.1135 43.6332
8 2 496.2148 103.7852 48.6275
9 9 130.2598 469.7402 61.5659
10 6 474.6403 125.3597 71.7923
11 2 $34.3620 65.6380 46.8255
12 3 468.8403 131.1597 152.7337
13 5 540.7211 592789 85.1471
14 5 455.7805 144.2195 49-4839
15 7 $41.2909 58.7091 83.5260
16 2 473.8779 126.1221 36.0180
17 10 452.0137 147.9863 155.1478
18 10 432.6577 167.3423 169.1953
19 5 456.8564 143.1436 95.4503
20 9 66.4332 5$33.5668 40.1599
21 7 515.9936 84.0064 138.0550
22 11 250.5639 349.4361 93.5081
23 3 523.7142 76.2858 149.9701
24 7 476.1308 123.8692 SI1.1042
25 6 483.2268 116.7732 70.5173
26 3 493.6914 106.3086 86.1795
27 2 391.8089 208.1911 34.9862
28 6 490.4510 109.5490 109.2876
29 7 501.0653 98.9347 108.7907
30 13 450.4313 149.5687 44.0064
31 9 409.7466 190.2534 64.3239
32 10 473.8256 126.1744 94.2173
33 10 286.5709 313.4291 109.9069
34 2 487.9909 112.0091 78.3615
35 12 296.8253 303.1747 123.0276
36 3 449.6798 150.3202 75-4129
37 13 4752870 124.7130 779721
38 2 440.0960 159.9040 54.2965
39 3 463.8837 136.1163 85.4131
40 3 482.2066 117.7934 82.1395
41 5 532.9880 67.0120 109.4593
42 10 369.6767 230.3233 78.5209

Table 6.1: User Distributions
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Here we test two approaches:

* A “greedy” heuristic algorithm (i.e., looking at nearby nodes and deciding where it is

most convenient to send the shuttle. This strategy is generally short-sighted)

* In the case of MILP, we conduct two tests: one test where the objective is to maximize
the number of users, and a second test where the goal is to minimize the impact of the
service in terms of economic costs, environmental costs, and discrimination based on

socio-economic and spatial factors.

Solution by heuristics: picked-up users through heuristics = 8 (the higher the better!); service

impact of this solution: 3532 (the higher the worse!); values are reported in Table 6.2.

node | served users at that node | users at that node | departure time in minutes
9 I 3 1.5667
10 o 6 2.1667
8 o I 3.0367
11 o 2 3.6667
13 o 3 4.0567
6 o 3 4.3867
7 o 5 4.6867
4 o 1 55567
5 o 4 6.2617
2 I 6 6.7333
I I I 7-5533
3 S 6 8.5833
o] o] o 9:3333

Table 6.2: Solution by heuristic

Solutions by MILP: maximizing the number of passengers. Picked-up users through

heuristics = 19 ; service impact of this solution: 1783; values are reported in Table 6.3.

83




node | served users at that node | users at that node | departure time in minutes

12 I I 5.0000
8 o I 6.4433
9 3 3 6.8333
10 6 7-4333
11 2, 2, 8.0033
13 3 3 8.3933
6 3 3 8.7233

4 S 9.0233

o o 9.6233

Table 6.3: Solution by MILP: maximizing the number of passengers

Solution by MILP: minimizing the service impact. Picked-up users through heuristics = 12;

service impact of this solution: 61; values are reported in Table 6.4.

node | served users at that node | users at that node | departure time in minutes
9 3 3 7.4000
10 6 6 8.0000
11 2, 2, 8.5700
8 1 1 9.2000
o o o 9.9500

Table 6.4: Solution by MILP: minimizing the service impact

We can approach the optimal solution with a guarantee of convergence by using MILP-based
algorithms, which is not possible in general through the greedy heuristic.

Solution by heuristic

The greedy heuristic only picks up 8 passengers. In certain situations, such as the previous
test, the greedy heuristic even underperforms a MILP that is not intended to maximize
passenger counts; it picked up 12 passengers, which is still more than the 8 from the heuristic.
In Table 6.4 we can accommodate 19 passengers when we run a MILP, which is the
maximum efficiency. This implies that although it can offer quick resolutions, it frequently
falls short of efficiently optimizing overall user engagement. We can also observe that the

nodes with higher user capacity (see nodes 2, 3, 7, 10) show a very limited service, highlighting
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the crucial need for improvement in targeting user needs more effectively. Long wait times are
another consequence of the greedy strategy, which may discourage customers from utilizing
the service. Finally we can note that the service impact is 3532 which is the highest value in all
the tests.

Solution by MILP (maximizing the number of passengers)

Even if it is not their primary objective, MILP formulation can aid in lowering the service
impact. For instance, in Table 6.3, the service effect was measured using MILP, whose
objective is to maximize the number of passengers, and attained at 1783. This shows
unequivocally that MILP performs better than the greedy heuristic. This approach
demonstrates also a significant improvement in the number of picked-up users compared to
the heuristic method, which indicates better utilization of available resources.

Solution by MILP (minimizing the service impact)

Although fewer people were selected than in the maximizing technique, the outcome was still
superior to the heuristic answer. When compared to the two prior ways, the service impact of
61 shows an extremely efficient service, indicating that this strategy substantially minimized
delays or inefficiencies. Users on various nodes benefit from a more equal service distribution
when using this MILP solution, which reduces service disruption. In comparison, the greedy
strategy could unintentionally prioritize more accessible nodes over those in less advantageous
socioeconomic locations. The relatively even distribution of departure times among the
nodes may aid in controlling user wait times and raising satisfaction levels. Though MILP
formulations are more effective, it is crucial to remember that they can be more difficult to
solve and may take a lot longer to do so.

These findings show that there is a trade-off between reducing service negative effects and
increasing user pickups. In comparison to the solution that reduces negative effect, the one
that increases pickups delivers a larger number of users at a higher service impact. This implies
that further optimization methods could be able to help strike a balance between these goals.
Despite their potential for speed and simplicity, heuristic approaches can provide
less-than-ideal results, as seen by their noticeably lower performance metrics. While MILP
systems optimize for either service efficiency or customer fairness, they may need more time
and computing resources and yield more robust results. It is also evident that concentrating
only on practical objectives, such serving as many users as possible, does not necessarily
produce the greatest results. The three distinct solutions’ effects on services range greatly
from one another. For instance, in order to safeguard the environment, we might have to

decline servicing some people if the main objective is to reduce the impact on services. Since
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the shuttles spend less time in traffic, cutting the shuttle routes short helps lower fuel usage
and traffic congestion. Such a strategy also lessens the likelihood of prejudice against those

who are poorer or who reside further from the shuttle’s destination.
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Conclusions

This thesis examines the relationship between KPIs and KVIs within the context of Maa$, high-
lighting the significance of these relationships in improving performance and value generation.
Through a systematic assessment of these metrics, we clarify their roles in creating Maa$ frame-
works that efficiently address the changing needs of urban mobility. Although opinions on the
importance of these indicators are divided, it is essential to fully comprehend their benefits in
order to advance workable solutions for transportation services. Our goal was to bring atten-
tion to important performance and value indicators that are still not receiving the attention that
companies, society, and politicians should be giving them. Even while KPIs and KVIs have a
big influence on creating practical urban transportation solutions, they are frequently ignored.
Primarily, while attaining sustainability objectives necessitates performance, economy, and op-
timization of urban transportation, it is also critical to acknowledge the qualitative effects these
systems have on users. The results of this thesis demonstrate that the entire range of user experi-
ence and societal value that MaaS may offer cannot be adequately captured by simple quantita-
tive indicators like ridership figures and operating expenses. It is critical that policymakers give
equal weight to KPIs and KVIs in their plans, promoting an integrated perspective on urban
mobility that values user diversity and sustainability. By doing so, we can create transportation
networks that benefit the community as a whole and enhance people’s lives in addition to being
functional. ButItaly’s comparatively lax KVI regulations point to a big room for improvement
going forward. The policies that promote Maa$ and smart cities demonstrate the commitment

to innovation in transportation infrastructure. Residents’ quality of life is improved by digital

87



technology found in smart cities, and Maa$ enhances this framework by providing personalized
mobility alternatives and real-time data. MaaS and smart city efforts place a high priority on sus-
tainability by encouraging multimodal transportation solutions that decrease the use of private
automobiles and minimize traffic and pollution. Moreover, Maa$S improves mobility for peo-
ple from a range of socioeconomic backgrounds and benefits marginalized areas by promoting
fair access to services. We proposed a case study to investigate potential strategies for optimiz-
ing and enhancing shuttle bus services, with an emphasis on determining whether the primary
objective should be maximizing KPIs or prioritizing the improvement of KVIs. The goal is to
not only assess theoretical possibilities but also to conduct a practical study that can be applied
to real-world scenarios, ensuring that it runs efficiently while also addressing sustainability and
fairness problems. The case study carried forth for this paper shows how algorithmic methods,
including MILP and greedy heuristics, may optimize user pickups while reducing negative ser-
vice effects, such as the number of users served, minimize wait/departure times at each node,
and reduce the global service disruption. One important finding from our research is that the
mobility system may not always gain overall by pursuing utilitarian objectives alone, such as
increasing the number of users. The three strategies’ differing service implications show that
various optimization goals provide different results. Prioritizing the reduction of service effect,
for example, might result in servicing fewer people but improve environmental sustainability,
diminish social prejudice against marginalized populations, and reduce traffic congestion. This
study emphasizes that a balanced approach that harmonizes both KPIs and KVIs yields the
greatest results. It also illustrates that practical urban transportation solutions need to take
into consideration the particular requirements and preferences of every single user. This strat-
egy not only increases customer pleasure but also helps people from different backgrounds feel
like they belong. When designing and implementing mobility services, social factors including
equity, accessibility, and user experience should be taken into account. Itis critical to empower
marginalized groups by making sure that their preferences are taken into consideration at the
stages of design and implementation. The most effective Maa$ frameworks are those that har-
monize operational performance with a deep understanding of the qualitative impacts on users.
By viewing each user as a distinct individual with unique requirements, we can create more in-
clusive and responsive mobility solutions. This balance is vital for ensuring that urban mobility
systems are not only efficient but also meaningful and beneficial for all community members.
Future research should look at new KPIs and KVIs that capture the changing mobility scene,
such the effects of self-driving cars and micro-mobility solutions. Finding these extra features

will help us improve the measurements we use to assess the performance of urban mobility.
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