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Highlights

What are the main findings?

• European stakeholders identify technology in NMS as a key driver for improving
modal integration, user experience, and proximity of transport services.

• Investors show higher overall optimism regarding the role of technology in NMS, yet
they prioritize different NMS as the primary beneficiaries.

What is the implication of the main finding?

• Addressing regulatory and infrastructure challenges is essential to maximize technol-
ogy’s impact on both mobility attributes and the performance of NMS.

• Cross-sector collaboration and alignment of investment strategies are essential to
ensure coordinated efforts toward sustainable and inclusive urban mobility futures.

Abstract

Technological advancements are reshaping New Mobility Services (NMS) by enhancing
trip planning, booking, and payment processes, while also improving fleet management,
infrastructure utilization, and data-driven decision-making. Despite these developments,
challenges persist in integrating technologies into cohesive and interoperable mobility
systems. This study draws insights from 163 stakeholders across the NMS ecosystem
to examine both the opportunities and barriers associated with the effective integration
of technology into NMS, particularly within urban and metropolitan contexts. Using
statistical methods, these responses were analyzed across eight stakeholder groups to
determine whether their views converge or diverge. Findings reveal a broad consensus on
the technologies expected to have the greatest impact, as well as on the main challenges of
integrating these technologies into NMS. Divergences arise in the perceived influence on
specific mobility attributes, such as environmental sustainability, security, safety, equity,
and social inclusion, and in the services considered most likely to benefit. Notably, investors
express a more optimistic view across nearly all technologies, prioritizing shared vehicle
services and anticipating the strongest impacts in environmental sustainability. The rest of
the stakeholder groups emphasize the potential of technology to enhance modal integration
and identify Mobility-as-a-Service (MaaS) as the NMS with the greatest expected benefits.
These insights help identify strategic priorities and redirect efforts toward promoting
investment in technologies with the highest potential to deliver transformative benefits
across the NMS ecosystem.
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1. Introduction
The European Union (EU) is spearheading the Sustainable and Smart Mobility Strategy

to promote sustainable, smart, and resilient transport systems across member states [1].
This strategy highlights the importance of making connected and automated multimodal
mobility a reality, boosting data and artificial intelligence for smarter mobility, modernizing
fleets, and strengthening transport safety and security. Moreover, the New EU Urban Mo-
bility Framework emphasizes the need to prioritize active, collective, and shared mobility
through a multimodal and digitalized approach [2]. The EU underscores the importance
of implementing technologies such as smart ticketing systems, alternative fuels, Mobility
as a Service (MaaS), and automated transport systems, along with investments in safety
infrastructure. These efforts highlight the growing recognition of technology’s role in
shaping sustainable and integrated mobility services.

Nowadays, a wide range of emerging technologies, such as Information and Commu-
nication Technologies (ICT), play a pivotal role in achieving smart and sustainable mobility.
In the transportation field, ICT refers to a broad spectrum of tools and applications that
enable access, sharing, and management of information while supporting integration and
connectivity between various transportation modes and stakeholders [3,4]. Examples of
ICT include mobile apps/websites, display screens, navigation systems, gaming applica-
tions for mobility education and engagement, augmented reality, Mobility-as-a-Service
(MaaS) platforms, dynamic speed control, and chatbots [4]. ICT solutions also encom-
pass decision-making technologies such as data visualization tools, traffic monitoring,
artificial intelligence, and machine learning techniques, which are crucial in simplifying
complex transportation data, helping decision-makers interpret trends and make informed
choices [5–8]. Moreover, the integration of ICT has been effective in optimizing energy
efficiency by contributing to the development of smart grids, energy management systems,
energy storage, and charging infrastructure, as well as the shift toward cleaner energy
systems [9].

These technologies are essential to the development of New Mobility Services (NMS),
which are understood as a wide range of mobility services based on ICT that have emerged
in recent years or will be available soon [10]. NMS can be classified into micro-mobility
services (such as bike-sharing and e-scooter sharing), car-based mobility services (such as
car-sharing, ride-sharing, ride-hailing, demand-responsive transport (DRT), and shared
autonomous vehicles), and digital platforms (such as MaaS) [10,11]. ICT can act as a
prerequisite to enable a NMS or add additional value to increase operational efficiency, fleet
management, and data transactions, as well as improve the user experience in an existing
NMS [10]. The correct integration between ICT and energy solutions with NMS offers
greater opportunities, promoting environmental sustainability, facilitating the optimization
of transport resources, enabling a diverse range of services, and transforming traditional
transport models into more adaptable mobility systems.

Despite the rapid growth of NMS in recent years and the wide range of technologies
available, there is a limited body of research identifying which technologies should be pri-
oritized to enhance the performance of NMS. Understanding these relationships is crucial
to focusing efforts towards achieving a more efficient and sustainable mobility. This study,
conducted within the framework of the EU-funded GEMINI project (Greening European
Mobility through Cascading Innovation Initiatives), addresses this gap by exploring two
key research questions: (i) What are stakeholders’ expectations regarding emerging tech-
nologies to enhance NMS? (ii) What barriers do stakeholders perceive as major obstacles
to integrating emerging technologies into NMS? The findings aim to prioritize efforts
toward solutions that improve the performance of NMS and support the sustainability
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and resilience of mobility systems, contributing to the broader goal of climate neutrality
through modal shift and integration with public transport.

The remainder of this paper is organized as follows. Section 2 delves into the existing
literature on the technological framework and stakeholders of NMS. Section 3 provides an
overview of the methodology and data used to analyze the research questions. Section 4
presents and discusses the results of the study. Finally, Section 5 summarizes the key
insights derived from this analysis and highlights the most significant policy implications.

2. Review of Technologies and Stakeholders in NMS
The transportation industry has witnessed a revolution driven by new technologies,

which opens a wide range of possibilities for providing efficient solutions to people’s
travel needs. However, technological advancements on their own are not enough to
ensure progress toward sustainable mobility. It is essential to identify and prioritize
innovations with the greatest potential to generate the greatest impact. Achieving this
requires strategic alignment and the concerted efforts of the stakeholders involved, each
contributing from their respective areas of expertise. Therefore, understanding both the
technological innovations and the roles and perspectives of key stakeholders is essential to
support informed decision-making and guide the adoption of solutions with the highest
potential to advance smart mobility.

In this context, this literature review examines the technologies with the greatest
potential to enhance the performance of NMS, as well as the stakeholders influencing their
development and implementation.

2.1. Technologies of NMS

ICT play a central role in enabling significant advancements in transportation, such as
smart transportation infrastructure, mobility hubs, and intelligent vehicles [12], through
supporting systems such as Vehicle-to-Infrastructure (V2I) and Vehicle-to-Vehicle (V2V). In
the case of V2I communication, collaboration with infrastructure elements—such as traffic
lights and parking systems within the smart city framework—enhances the operational
efficiency of NMS and increases overall road capacity [13,14]. For V2V, technological vehicle
advancements—such as sensors, cameras, and communication systems—enhance security
measures and ensure a connected and interactive experience for users [4].

By enabling connectivity among vehicles, users, infrastructure, and a centralized
platform where all data is collected and managed, ICT improve the overall efficiency
and responsiveness of the transportation network [15]. An example of the benefits of
connectivity and automation is car platooning, where vehicles travel closely together,
showing potential traffic efficiency and fuel optimization [16,17]. The development and
implementation of these technologies enable real-time data exchange, vehicle tracking,
traffic flow optimization, route planning, smooth navigation, and enhancement of the
overall driving experience [18–20].

The combination of intelligent infrastructures and vehicle technology represents a
significant step towards smart, integrated, and energy-efficient solutions, where all com-
ponents work harmoniously. Geolocation and mapping data from NMS allows locating
of facilities [21], identification of mobility patterns [22], and optimization of services [23],
among other applications. Moreover, ICT optimize the use of alternative fuels by sup-
porting the development of smart grids, energy management systems, and charging
infrastructure [9]. These applications can be extended to other emerging energy sources,
such as biodiesel, renewable fuels, and hydrogen fuel cells, which are currently being
explored because of their environmental benefits, energy efficiency, and potential for
widespread adoption [24,25].
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By leveraging real-time data, these technologies streamline coordination among users
and service providers, enhance decision-making, and improve overall efficiency in urban
mobility [26], while simultaneously generating large volumes of data that must be pro-
cessed and analyzed to be effectively used. Big data solutions can capture, manage, and
analyze huge volumes of structured or unstructured data to address existing mobility
challenges and support decision-making solutions [27,28]. With processing, it is possible
to simplify complex transportation data in visualization tools and dashboards, helping
decision-makers interpret trends and make informed decisions. For example, Bachechi
et al. [5] discuss the visualization of traffic monitoring; Yamamoto [7] presents a tool
to assess the completeness of streets; and Zuo et al. [8] examine mobility trends during
COVID-19. Leveraging big data, machine learning algorithms have been developed to
predict patterns and make informed decisions, allowing service providers to optimize their
efficiency and sustainability [6,28–30]. Some examples of machine learning applications in-
clude the prediction of traffic accidents, traffic flow optimization, transportation emissions,
demand patterns, and user experience personalization [6,28,31].

To process these large amounts of data, there are enabling technologies that enhance
computational efficiency. Cloud computing offers service models to manage computer
resources over the internet, minimizing significant investment in technology infrastructure,
centralizing the management of data, and enabling flexibility for users [32], which is a
solution to deal with usage peaks, latency, and constrained bandwidth [33]. Similarly, quan-
tum computing has the potential to solve problems beyond those of classical computing,
offering exponential computational power and energy efficiency [34].

The data generated by mobility systems, often processed and stored in centralized plat-
forms, frequently includes personal or sensitive information. Geolocation data and payment
transactions made via credit cards, mobile wallets, or other electronic systems consistently
raise concerns regarding privacy and the potential for unauthorized access [28,35–37]. In
this context, blockchain has emerged as a safeguard, warranting secure and transparent
transactions, preventing data tampering, preserving the privacy and integrity of communi-
cation channels, and enhancing trust in the transportation sector [38,39]. This technology
operates as a decentralized and distributed storage system with linked blocks and en-
crypted information, making it a secure system against fraud [40].

In recent years, blockchain applications have been extended to other technologies to
enable privacy, security, convenience, and personal data control. For instance, the develop-
ment of smart contracts, tokenization, zero-trust architecture systems, and biometric authen-
tication payments. Smart contracts are automatically self-executing codes with predefined
conditions for all stakeholders involved, without the need for intermediaries [41]. Tokeniza-
tion streamlines transactions, enhances privacy through controlled data access, incentivizes
users, and increases welfare by improving pricing models [42]. Zero trust architecture
systems work with continuous authentication and network micro-segmentation to quickly
detect threats and generate alerts against external and internal risks [43]. Biometric authen-
tication payments focus on verifying identities using unique physical (like facial features or
fingerprints) or behavioral (such as voice patterns or handwriting) characteristics [44]. All
these technological advances enable privacy, security, convenience, personal data control,
and social welfare.

Other challenges persist related to people’s willingness to adopt new digital services,
their level of digital literacy, and the need to pre-test services before implementing NMS
projects [4]. Virtual reality and augmented reality have been introduced to create virtual
and interactive experiments for user studies and digital training [45]. These technologies
have demonstrated significant potential to explain complex concepts quickly and intuitively,
helping people better understand the use and benefits of NMS [46]. As these technological
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advances continue improving, the transportation ecosystem unfolds as a dynamic and
interconnected network, adapting in real time to the needs and preferences of users.

Based on the literature review, a summary diagram was developed to provide an
overview of how technological innovations interact within the NMS ecosystem, highlight-
ing their applicability across multiple services (see Figure 1).

Figure 1. Overview of Enabling Technologies for NMS.

2.2. Main Stakeholders Within NMS

Prior Filipe et al. [47] emphasize the importance of determining the role, requirements,
and articulation of transportation stakeholders to ensure the successful design, implemen-
tation, and adoption of sustainable mobility practices. Sobrino et al. [48] highlight the
importance of identifying the perspectives of different stakeholders, leveraging commonly
prioritized factors, identifying major disagreements on specific points, and implementing
adjustments based on the particular knowledge of each group. For that, it is necessary to
identify key groups of stakeholders. Each group is characterized by pursuing common
objectives, which may not necessarily coincide with those of other groups. For NMS,
Kamargianni and Matyas, Polydoropoulou et al., and Sobrino et al. [49–51] have identi-
fied different stakeholders, which may be divided as: (1) Government and Regulation
Bodies, (2) Research, academia, and think tanks, (3) Consultants, (4) Infrastructure Man-
agers and Providers, (5) Mobility Operators, (6) Ancillary services to mobility services,
(7) Investors, Financial Institutions, and Insurance companies, and (8) other groups such as
Neighbors/citizens/local communities, NGOs, Property developers, and Transportation
and User Associations.

The first group, Government and Regulation Bodies, refers to governmental bodies or
agencies responsible for supervising and/or regulating transport services, including NMS.
They usually organize and coordinate various modes of transport in cities [52]. Their
engagement is vital in addressing urban mobility challenges and advancing transportation
infrastructure [53]. These entities actively collaborate with research, academia, think tanks,
and consultancy firms to recognize effective planning, regulation, and harmonization
in addressing mobility challenges. O’Neill [54] emphasizes that public authorities are
interested in the potential economic and social benefits of NMS.
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Researchers and academics delve into trends, challenges, and opportunities in the mo-
bility sector and provide evidence-based recommendations to advance knowledge in a
particular field [55]. Think Tanks provide expertise on specific topics and make recom-
mendations to policymakers, public authorities, and mobility operators to help decision-
making [56]. Consultants refer to companies that provide analysis and expertise to improve
the understanding and development of projects and offer strategic advice, business, and
implementation strategies [57].

The fourth to eighth groups are stakeholders who address transportation challenges
and ensure the successful operation of NMS under existing regulations. Mobility Operators
invest in vehicles and ICT systems to maximize efficiency and guarantee daily operation
services [58]. They are responsible for fleet management, user experience, and technology
integration to optimize mobility solutions [59]. Infrastructure Managers and Providers are
responsible for overseeing and maintaining the physical components and cyber-urban
infrastructure that support NMS [60,61]. Their duties include managing electric vehicle
charging stations, maintaining parking facilities, and ensuring the virtual infrastructure to
guarantee the information flow for MaaS. Ancillary services to mobility services are related to
additional support services designed to improve the overall user experience and operational
efficiency of mobility services. These services may include customer support, energy
providers, maintenance services, and data analysis [62–64]. Investors, Financial Institutions,
and Insurance Companies can provide the necessary capital to develop and expand businesses
and offer risk management solutions [65], ensuring the safety and security of service
providers and users within the NMS framework. Also, they facilitate transactions, payment
systems, and financial planning for NMS operators [66]. Other stakeholders refer to additional
interested parties who can influence NMS implementation and development or have a
cross-sectional vision of these services, such as Neighbors/citizens/local communities,
NGOs, Property developers, and Transportation and User Associations.

As described, there are several stakeholders with specific roles in the design, operation,
maintenance, and control of NMS. Due to their distinct visions and responsibilities, each
stakeholder may prioritize different policies, plans, and technological projects within their
organizations based on their perspective. A deeper understanding of these perspectives
is essential to guide the effective integration of technologies into NMS. Existing literature
has primarily addressed this issue by analyzing individual technologies in isolation—
such as automation, electrification, or mobility platforms—focusing on their barriers and
opportunities from the perspectives of specific stakeholder groups [67–71].

However, there is a gap in evaluating the potential of the most relevant technologies
applied in NMS from the perspectives of different stakeholder groups. Specifically, there
remains a critical need to examine how stakeholders perceive the role of these emerging
technologies in advancing passenger mobility in urban and metropolitan areas. A deeper
understanding of these perspectives is essential to guide effective technology integration,
align development with user and system-level needs, and overcome the practical challenges
that hinder widespread adoption of NMS-enabling technologies.

3. Methodology
The methodology designed to explore the impact and integration barriers of techno-

logical innovations in NMS is structured into three main phases. Phase 1, survey definition,
focuses on identifying the key technologies with current or potential application in NMS,
the main challenges to their integration, the mobility attributes likely to be affected, and the
stakeholders involved in NMS. Phase 2 encompasses the implementation of a structured
survey aimed at capturing stakeholders’ perceptions of the role of technologies in NMS.
Phase 3 consists of analyzing the data to identify similarities and differences in stakeholder
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perspectives, providing insights into how each group perceives the potential, benefits, and
challenges associated with technological integration in NMS.

3.1. Phase 1—Survey Definition

Based on the literature review presented above and with the support of the GEMINI
consortium—a multidisciplinary alliance of 43 partners from 17 European countries, repre-
senting sectors such as academia, mobility operators, public administrations, and business
innovators—the key elements for the research were identified.

A preliminary information package was distributed to all partners, who were invited
to review and enrich the content to ensure the survey captured the most relevant and
pertinent aspects. Based on the feedback received, the first version of the survey was
developed and shared for further comments. The final version was then refined to strike a
balance between clarity and analytical depth, while aiming to ensure a high response rate.
As a result, the survey is structured into four sections, two of which are the most relevant
for this research: (i) Technical Innovation Drivers, and (ii) Professional Background.

(i) Questions about Technical Innovation Drivers

The survey design encompasses a flexible approach, incorporating multiple-choice
questions with both single and multiple-choice response formats. The main section—
Technical Innovation Drivers—explores the role of technology in shaping NMS by examining
four interrelated elements: technologies, challenges, mobility attributes, and the services
themselves. Technologies refer to a broad range of technologies that enhance the perfor-
mance of NMS and play a key role in promoting the sustainability, efficiency, and resilience
of mobility systems. Challenges capture the key barriers that must be addressed to ensure
the successful integration of technologies into NMS. Mobility attributes represent the di-
mensions through which the performance of NMS can be evaluated within the broader
transport system, offering insights into how they contribute to its overall sustainability.
Finally, the selection of NMS focuses on those that have become the most widely adopted
services in recent years, particularly in urban and metropolitan settings.

The final selection of questions, answer options, and response format of this section is
presented in Table 1.

Table 1. Technical Innovation Drivers—Survey Questions.

Question Answer Options Response Format

Question 1.
In your opinion, please rank the
following emerging technologies
on their potential to boost NMS

• IoT and Smart City Infrastructure.
• Advanced Fleet Monitoring and Management

Solutions.
• Connected, Cooperative, and Autonomous Vehicles.
• Electric Vehicles.
• Hydrogen Fuel Cells.
• Alternative fuels (e.g., Biodiesel and Renewable

fuels).
• Big Data, AI, and Machine Learning Techniques.
• Cloud and Edge Computing Services.
• Quantum Computing.
• Data Spaces (for trusted and secure data sharing).
• Blockchain technology (for data integrity).
• Smart Contracts.
• Tokenization.
• Zero Trust Architectures/Systems.
• Biometric Authentication/Payments.
• Augmented Reality (AR) and Virtual Reality (VR).
• Computer Vision.

5-point scale
Very low to Very high potential

Respondents could select “I
don’t know this technology” if
unfamiliar; in such cases, these
responses were excluded from

the analysis.
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Table 1. Cont.

Question Answer Options Response Format

Question 2.
Indicate, in your opinion, which

are the greatest challenges to
fostering the integration of

technical innovations into NMS.

• Regulatory hurdles.
• Concerns over sharing commercially sensitive data.
• Technology readiness.
• Infrastructure availability.
• Lack of user adoption.
• Lack of technical knowledge and/or human

resources.
• Lack of public awareness of key benefits.
• Lack of political support/funding from local

governments.

Multiple-choice and
multiple-answer

Question 3.
In your opinion, how can be the

impact of cutting-edge
technologies, such as the ones
previously described, on the

following mobility service-related
attributes.

• User Experience/customer satisfaction/quality of
service.

• Modal integration.
• Accessibility and proximity of transport services to

people.
• Economic efficiency.
• Environmental sustainability.
• Affordability.
• Equity and social inclusion.
• Safety.
• Security.

5-point scale
Very low to Very high impact

Question 4.
Indicate, in your opinion, which
of the following NMS you think

could benefit the most from
technical innovations.

• Carsharing.
• Bike sharing.
• Moped scooter sharing.
• Kick scooter sharing.
• Ride-hailing.
• Ridesharing (carpooling, vanpooling, etc.).
• On-demand microtransit.
• MaaS.

Multiple-choice and
multiple-answer

(ii) Professional Background

This research, guided by the perspectives of stakeholders, offers valuable insights
into the technological landscape shaping the future of NMS. For this reason, in the pro-
fessional background section, the respondents were asked to identify the categories and
subcategories that best fit the activities of their organization.

Based on their responses, each respondent was classified into the following stake-
holder groups: (1) Government and Regulation bodies—European Institutions (Commission,
Parliament, EU Agency, among others), EU national governments, regional or local govern-
ments, regulators at different levels (EU, state, municipal, among others), environmental
and regulatory bodies, standardization and certification bodies, city authorities, public
transport authorities, and urban planners. (2) Mobility Operators—Public and private op-
erators, shared mobility operators (including shared vehicles, pooling, and ride-hailing),
MaaS operators, and other innovative transportation solutions operators. (3) Infrastructure
Managers and Providers—Public and private infrastructure managers, public and private
parking space owners, and charging infrastructure companies, among others. (4) Ancillary
services to mobility services—Technology providers, energy providers, vehicle manufac-
turers, and vehicle renters. (5) Investors, Financial Institutions, and Insurance—Financial
institutions (handling payments), sponsoring and partnering companies, and insurance
companies. (6) Research, academia, and think tanks—Universities and Academic Institutions,
Research Centers, and Think Tank Organizations. (7) Consultants—International, national,
regional, and local Consulting Firms. Independent consultants also fall into this cate-



Smart Cities 2025, 8, 152 9 of 24

gory. (8) Others—Neighbors/citizens/local communities, NGOs, Property developers, and
Transportation and User Associations.

3.2. Phase 2—Data Collection Campaign

The survey was distributed online through the GEMINI consortium to a wide range
of entities and organizations connected to NMS. To enhance data reliability, responses
were collected anonymously to encourage honest and unbiased answers. This approach
aims to reduce central tendency bias, where respondents may prefer safer or neutral
options to avoid conflict in sensitive topics or due to a general reluctance to choose ex-
treme responses [72,73]. Moreover, only fully completed questionnaires were considered,
excluding those with incomplete or brief completion times.

The survey yielded success, gathering 280 responses, of which 163 were complete,
valid, and submitted by respondents affiliated with entities located in Europe. Data are
available in the repository by Vassallo and Garrido [74].

In terms of professional background, 47% of respondents work in large organizations
(250 or more employees), 20% in medium-sized organizations (50–249 employees), 21%
in small organizations (10–49 employees), and the rest (12%) in organizations with fewer
than 10 employees. Half (50%) of the organizations operate at an international level.
Respondents report an average of 14.1 years of professional experience, with a standard
deviation of 10.4 years. In total, 24% of the responses come from Research, academia, and
think tanks, 15% from Others, 13% from Government and Regulation bodies, 13% from Mobility
Operators, 11% from Infrastructure Managers and Providers, 11% from Ancillary services to
mobility services, 8% from Investors and Financial Institutions, and 8% from Consultants.

3.3. Phase 3—Data Analysis

To obtain results from the data, a two-step approach was applied, consisting of an
initial exploratory phase followed by a statistical analysis. The exploratory phase aimed to
identify general patterns and trends to understand stakeholders’ expectations regarding
the role of emerging technologies in enhancing NMS. To that end, potential and impact
scores were calculated and organized to identify the technologies with the highest potential
to enhance NMS (Question 1), as well as the specific attributes most influenced by these
technologies (Question 3). In addition, the main challenges to technological integration with
NMS (Question 2) and the NMS expected to benefit most from technological advancements
(Question 4) were ranked according to the percentage of responses, from highest to lowest.

Subsequently, a statistical analysis was conducted to assess whether stakeholder
groups held significantly different views. For the 5-point scale questions, and given the non-
normal distribution of the data, a non-parametric test was employed. The Wilcoxon–Mann–
Whitney test (U-test) was used to compare medians between groups and evaluate whether
their responses differ significantly [75]. This approach helps determine whether stakeholder
perceptions converge or diverge regarding the potential of emerging technologies to reshape
NMS and the NMS attributes most impacted by these technologies.

In contrast, for multiple-choice questions, each response option—representing a spe-
cific challenge or a particular NMS—was treated as a binary categorical dependent variable
(coded as 1 if selected, 0 otherwise). Binary logistic regression—a method commonly used
for categorical data that estimates the probability of a binary outcome based on one or more
predictor variables [76]—was applied to explore variations in stakeholder perceptions.
Each stakeholder group was included as a categorical predictor to assess its influence on
the likelihood of selecting specific integration challenges or identifying specific NMS as
likely to benefit from technological innovation. This approach enables an understanding
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of stakeholders’ priorities and expectations regarding the challenges posed by technology
integration, and the NMS that could benefit most from these technologies.

All exploratory and statistical analyses were performed using R 4.4.2 [77].

4. Findings and Discussion
4.1. Potential of Technologies to Boost NMS

The ranking of technologies, according to their potential to enhance NMS, provides
valuable insights into industry priorities for innovation. Each technology is assessed by
different stakeholder groups, as indicated by distinct symbols and colors (see Figure 2).
Technologies cluster around the higher and lower potential scores, indicating broad recog-
nition of their importance in enhancing NMS.

Figure 2. Potential of technologies to boost NMS by stakeholder group.

Across the board, stakeholder groups rated “Advanced Fleet Monitoring and Manage-
ment Solutions”, “IoT and Smart City Infrastructure”, and “Connected, Cooperative, and
Autonomous Vehicles” as the technologies with the highest potential to boost NMS. Nearly
all groups assigned scores above 4, indicating a perception of “Very High Potential”. That
highlights the expected benefits of achieving fully connected systems capable of real-time
monitoring across both infrastructure and fleet operations. Stakeholders perceived the
integration of V2I and V2V communication, alongside smart urban technologies, as a key
factor for improving the capacity and coordination of transport networks. Such connectivity
facilitates the operation of diverse NMS by enabling systems to respond dynamically to
changing network conditions. As a result, decision-makers can act quickly and accurately
in response to real-time events, leading to more efficient operations, reduced maintenance
and operational costs, and ensuring quality standards. Simultaneously, greater access to
real-time information empowers users to make more informed travel choices. This, in turn,
could enhance the attractiveness and competitiveness of NMS.

Although there is general agreement among stakeholder groups concerning the tech-
nologies with the greatest potential to boost NMS, statistical analysis using the U-test
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identified significant differences (see results in Appendix A). Government and Regulatory
Bodies showed distinct evaluations of “IoT and Smart City Infrastructure” as well as “Big
Data, AI, and Machine Learning techniques” compared to the rest of the groups. Additionally,
Consultancy firms differ in their assessment of “Connected, Cooperative, and Autonomous
Vehicles” compared to the other groups. While these stakeholders assign lower scores,
these technologies remain among the most impactful for fostering innovation in NMS. This
suggests that, although government and consultancy firms may adopt a more cautious or
conservative stance toward these technologies, they nonetheless recognize their strategic
relevance and transformative potential.

Moreover, “Big Data, AI, and Machine Learning techniques” were ranked fourth in overall
potential across all stakeholder groups. Infrastructure Managers and Providers assigned
significantly higher scores to these technologies compared to other groups, as confirmed by
the U-test results. This likely reflects their direct involvement with V2I applications, where
real-time data processing and predictive maintenance are crucial for optimizing system
performance. Considering the vast data generated by fleets and infrastructure facilities,
these technologies are essential for enabling fast and accurate decision-making processes.

Additionally, the optimistic outlook of Investors and Financial Institutions stands out
across almost all technologies. This group consistently rated every technology above a
score of 3, suggesting that each of them has at least moderate potential to enhance NMS.
The U-test further confirmed that this group has a significantly more optimistic view
regarding a wider range of technologies—such as “Quantum computing”, “Hydrogen Fuel
Cells”, “Alternative Fuels”, “Augmented Reality and Virtual Reality (AR/VR)”—compared
with the rest of the stakeholders. Although some of these technologies are still in stages
of development and face specific technical challenges [34,45], the positive expectations
from investors may indicate a willingness to support further research, innovation, and
development, which could help accelerate their integration into the mobility landscape.

4.2. Challenges to Fostering the Integration of Technical Innovations into NMS

The survey results on perceived barriers and challenges to fostering the integration
of technical innovations into NMS reveal a multifaceted landscape (see Figure 3). “Lack of
technical knowledge and/or human resources” and “technology readiness” are not considered
high barriers, suggesting that the foundational expertise and capabilities for integrating
technology into NMS are no longer the main concern. Instead, the focus shifts to external
factors, with “Regulatory hurdles” and “Infrastructure availability” standing out as the most
significant challenges. This underscores the critical role of regulatory frameworks in
ensuring the proper implementation of NMS and highlights the importance of a robust
infrastructure for the successful deployment of NMS.

Although the “lack of political support or funding from local governments” was identified as
the third most important challenge overall, the binary logistic regression analysis indicates
that Investors and Financial Institutions, Government and Regulation Bodies, as well as Research,
Academia, and Think Tanks are less likely to identify this challenge compared to the rest
of the stakeholders (see Table 2). This difference can be attributed to the distinct roles
and perspectives of these stakeholders. For instance, Investors and Financial Institutions
often focus on financial viability and risk diversification, relying on alternative funding
mechanisms beyond local government support. Research, Academia, and Think Tanks typically
obtain funding from national or international programs, rather than from local governments.
Government and Regulatory Bodies, on the other hand, may not perceive this as a barrier given
their direct involvement in policy formulation rather than operational implementation.
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Figure 3. Challenges to foster the integration of technical innovations into NMS.

Table 2. Binary logistic regression results. Challenges to foster the integration of technical innovations
into NMS.

Challenges
Intercept

Coeff
(sd.)

Government
Coeff
(sd.)

Researchers
Coeff
(sd.)

Consultancy
Coeff
(sd.)

Investors
Coeff
(sd.)

Operators
Coeff
(sd.)

Infrastructure
Coeff
(sd.)

Ancillary
Services

Coeff
(sd.)

Others
Coeff
(sd.)

Regulatory hurdles 1.145 **
(0.47)

−0.888 *
(0.51)

−0.272
(0.45)

−0.374
(0.62)

−0.693
(0.67)

0.195
(0.61)

0.069
(0.67)

0.345
(0.57)

0.756
(0.52)

Infrastructure
availability

0.156
(0.42)

−0.491
(0.47)

−0.427
(0.41)

1.067 *
(0.63)

1.097
(0.70)

0.451
(0.52)

−0.281
(0.56)

0.671
(0.51)

0.241
(0.44)

Lack of political
support/funding

from local
governments

0.599
(0.42)

−1.259 **
(0.51)

−0.917 **
(0.42)

−0.520
(0.56)

−1.292 **
(0.65)

−0.025
(0.51)

−0.294
(0.56)

0.343
(0.49)

−0.114
(0.44)

Concerns over
sharing

commercially
sensitive data

0.295
(0.42)

0.255
(0.47)

−0.025
(0.41)

−0.956 *
(0.57)

−1.251 *
(0.67)

−1.615 ***
(0.56)

0.048
(0.59)

0.349
(0.50)

−0.317
(0.43)

Lack of public
awareness on key

benefits

−1.188 ***
(0.43)

0.745
(0.48)

0.036
(0.41)

1.430 **
(0.60)

0.233
(0.68)

1.439 ***
(0.55)

−0.170
(0.59)

0.447
(0.50)

1.254 ***
(0.46)

Lack of user
adoption

−0.240
(0.41)

−0.083
(0.47)

−0.427
(0.40)

0.562
(0.55)

−0.716
(0.67)

−0.217
(0.51)

−0.097
(0.56)

0.603
(0.47)

−0.186
(0.43)

Technology
readiness

−1.361 ***
(0.46)

0.002
(0.53)

0.272
(0.45)

−0.142
(0.64)

0.406
(0.70)

0.040
(0.57)

0.289
(0.62)

0.288
(0.52)

0.199
(0.48)

Lack of technical
knowledge and/or
human resources

−1.973 ***
(0.58)

−0.405
(0.73)

0.586
(0.56)

0.434
(0.69)

−0.860
(1.18)

−1.070
(0.82)

0.667
(0.80)

1.009 *
(0.61)

−0.733
(0.70)

Note: ***, **, * represent the statistical significance at 0.01, 0.05, and 0.1 levels.

Additionally, some groups highlight different challenges that must be addressed to
promote technological integration with NMS. For example, Consultants and Others identified
the “lack of public awareness of key benefits” as the second most important challenge, while
Mobility Operators ranked it third. This perception is further supported by the binary logistic
regression analysis, which shows that being part of the Consultants, Mobility Operators, or
Others is associated with a significantly higher probability of selecting this challenge (see
Table 2). This may reflect the broader, cross-cutting perspective of these stakeholders, who
often act as intermediaries between innovation and implementation and are thus more
attuned to social acceptance and communication gaps that can hinder the adoption of
technological solutions.
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Furthermore, while “concerns over sharing commercially sensitive data” were consid-
ered by some stakeholder groups as an intermediate barrier, binary logistic regression
results indicate that Mobility Operators are significantly less likely to identify this issue
as a major challenge. This may suggest that mobility operators consider data sharing
a necessary practice to support operations, user-centered service design, and customer
acquisition and retention, rather than a potential issue. However, this lower level of con-
cern could also reflect a possible underestimation of the privacy and ethical implications.
Overlooking the risks associated with data sharing could reduce users’ trust in the mobility
services provided.

Finally, when asked about additional challenges not indicated in the survey, some
interesting aspects pointed out by the respondents included adopting policies for transit
reorganization, integrating NMS with public transport, and finding the right balance
between the financial operation of NMS and users’ needs.

4.3. Impact of Cutting-Edge Technologies on Mobility Attributes of NMS

Anticipating the impacts of cutting-edge technologies on mobility attributes of NMS
provides valuable insights into the perceived benefits of implementing these technologies,
as shown in Figure 4. Notably, “Modal Integration”, “User Experience, Customer Satisfaction,
and Quality of Service”, and “Accessibility and Proximity of Transport Services to People” stand
out as the top three attributes expected to be most impacted by cutting-edge technologies.
This underscores the transformative potential of emerging technologies in seamlessly
integrating different transportation modes to improve accessibility and proximity and
enhance the overall user experience.

Figure 4. Impact of technologies on mobility attributes of NMS.

Nonetheless, the U-test revealed significant differences among the groups’ opinions
(see Appendix A). Investors and Financial Institutions report a more optimistic view regard-
ing the impact of emerging technologies on “Environmental sustainability”. This optimism
may reflect a less comprehensive understanding of the full scope of environmental impacts.
In contrast, stakeholders such as Researchers, Academia, and Think Tanks, as well as Mobility
Operators, adopt a more critical perspective on “Environmental sustainability”. These stake-
holders tend to possess a broader and more up-to-date understanding of NMS, recognizing
that they are not necessarily environmentally friendly. They acknowledge the full range
of life cycle assessment, including material production, operation, maintenance, vehicle
lifespan, and the analysis of journeys previously made using more sustainable modes.
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Additionally, Infrastructure Managers and Providers have higher expectations regarding
the impact of technology on “Security” and “Safety”. These two attributes were rated as
having a “High Impact”. This higher rating is attributed to the potential of technological
advancements to significantly reduce road accidents and cyberattacks, which may en-
able direct infrastructure maintenance and operation providers to carry out their roles
more efficiently.

“Equity and Social Inclusion” was rated as having the lowest impact across all evaluated
attributes, followed by “affordability” as the second lowest. Notably, Researchers, Academia,
and Think Tanks expressed a significantly less optimistic outlook concerning these mobility
attributes, as confirmed by the U-test. This perception may reflect their understanding
that outcomes related to equity and affordability are not solely driven by technological
advancements, but are instead shaped by broader societal dynamics, public policies, and
social inclusion strategies.

4.4. NMS Most Benefited from Technical Innovations

As shown in Figure 5, “MaaS” and “On-demand micro-transit” emerge as the services
that are expected to benefit most from technical innovations. These results align with the
attributes most impacted by cutting-edge technologies, which focus on modal integration,
mobility user experiences, and accessibility and proximity of services, especially for long
first-mile and last-mile journeys with low public transportation availability, in line with
Bowden and Hellen, Casquero et al., Lopez-Carreiro et al., and Shaheen et al. [78–81].

Figure 5. NMS that most benefited from technical innovations.

Although most stakeholder groups share similar views on which NMS could benefit
most from new technologies, Investors and Financial Institutions exhibit a distinct outlook.
This group assigns significantly lower priority to “MaaS” and “On-demand micro-transit”,
while giving higher priority to “bike sharing”, as confirmed by the binary logistic regression
analysis (see Table 3). They show stronger confidence in shared mobility services, ranking
“car sharing”, “bike sharing”, “kick scooter sharing”, and “moped scooter sharing” as the NMS
segments most likely to benefit from technological advancements. The lower prioritization
of MaaS may stem from persistent challenges in achieving full-service integration, as
difficulties in coordinating trip planning, booking, and payments across multiple transport
operators remain unresolved, posing considerable risks from an investment perspective.
Meanwhile, the implementation of technologies in specific shared mobility services is
generally viewed as less risky by investors. Nevertheless, MaaS remains a promising
approach for integrating diverse mobility services, requiring collaborative governance and
alternative financing to realize its full potential and ensure efficient NMS operation.
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Table 3. Binary logistic regression results. NMS that benefited from technical innovations.

Challenges
Intercept

Coeff
(sd.)

Government
Coeff
(sd.)

Researchers
Coeff
(sd.)

Consultancy
Coeff
(sd.)

Investors
Coeff
(sd.)

Operators
Coeff
(sd.)

Infrastructure
Coeff
(sd.)

Ancillary
Services

Coeff
(sd.)

Others
Coeff
(sd.)

Maas 1.199 ***
(0.45)

−0.720
(0.49)

0.246
(0.44)

0.481
(0.70)

−2.155 ***
(0.69)

−0.442
(0.53)

−0.366
(0.59)

0.110
(0.52)

−0.509
(0.46)

On-demand
microtransit

0.371
(0.43)

−0.229
(0.48)

0.041
(0.42)

1.080
(0.70)

−1.624 **
(0.71)

−0.202
(0.50)

−0.451
(0.56)

−0.362
(0.49)

0.811 *
(0.48)

Car sharing 0.032
(0.40)

−0.284
(0.46)

−0.061
(0.39)

0.192
(0.56)

0.923
(0.66)

−0.610
(0.51)

0.469
(0.56)

0.646
(0.48)

0.372
(0.43)

Ridesharing −0.926 **
(0.42)

−0.326
(0.49)

0.365
(0.41)

0.097
(0.56)

0.233
(0.65)

−0.754
(0.56)

1.102
(0.59)

0.734
(0.49)

0.860 **
(0.43)

Bike sharing −0.854 **
(0.42)

0.098
(0.49)

0.020
(0.41)

0.345
(0.56)

1.077 *
(0.63)

0.165
(0.52)

0.399
(0.57)

−0.380
(0.51)

0.384
(0.43)

Moped scooter
sharing

−0.608
(0.53)

−0.934
(0.68)

−1.583 ***
(0.60)

−0.157
(0.69)

0.384
(0.71)

−0.575
(0.63)

0.202
(0.65)

−0.335
(0.59)

0.092
(0.55)

Ride-hailing −1.167 **
(0.49)

0.481
(0.53)

−0.027
(0.47)

0.083
(0.66)

−0.912
(0.89)

−0.804
(0.68)

0.322
(0.69)

−0.365
(0.61)

−0.273
(0.51)

Kick scooter
sharing

−0.595
(0.59)

−1.214
(0.75)

−0.896
(0.60)

−0.499
(0.75)

0.595
(0.75)

−1.001
(0.76)

−0.280
(0.76)

−1.160
(0.83)

−0.207
(0.60)

Note: ***, **, * represent the statistical significance at 0.01, 0.05, and 0.1 levels.

On the other hand, Researchers, Academia, and Think Tanks perceive particularly low
benefits for “moped scooter sharing”, with a significantly lower likelihood of selecting this
NMS compared to the rest of the stakeholder groups, as supported by binary logistic
regression analysis. This perspective may stem from the challenges and social concerns
associated with this type of service, including safety issues, environmental impacts, and
regulatory issues that have notably affected the deployment of this service.

5. Conclusions
This study delved into key drivers shaping the landscape of NMS in urban and

metropolitan areas, addressing questions related to stakeholders’ perceptions of potential
technology enablers, the challenges hindering the integration of technical innovations, the
impact of emerging technologies on NMS attributes, and the types of NMS expected to yield
the greatest benefits from these technologies. Employing a methodology that includes a
literature review, a comprehensive survey, and analysis using non-parametric methods and
binary logistic regressions, the study captures valuable insights into European stakeholders’
expectations regarding the role of technology in the NMS landscape.

Overall, stakeholders hold broadly aligned perspectives, recognizing that there is
great confidence in the role of enabling technologies to boost NMS. However, regulatory
barriers and the lack of supporting infrastructure remain critical challenges that must be
addressed to achieve effective integration. Once these hurdles are overcome, technologies
such as Advanced fleet monitoring, IoT and smart city infrastructure, Connected, cooperative,
and autonomous vehicles, and Big Data, AI, and Machine Learning techniques are expected
to play a central role in driving the future development of NMS. These technologies are
crucial to enhance modal integration, user experience, customer satisfaction, quality of service,
and accessibility and proximity of transport services to people. Among the NMS most likely to
benefit from these advancements are MaaS platforms and on-demand micro transit.

However, some stakeholder groups express divergent priorities regarding technologi-
cal integration. Infrastructure Managers and Providers place greater emphasis on the potential
of technology to enhance safety and security. Consultants and Mobility Operators identify
the lack of public awareness of key benefits as a critical challenge that must be addressed. By
contrast, there are challenges that certain stakeholders consider a lower priority. Investors,
Researchers, and Government and Regulation Bodies do not view the “lack of political support
or funding from local governments” as a principal issue. Mobility Operators do not consider
concerns over sharing commercially sensitive data as a moderate challenge, whereas other
stakeholder groups consider it a more significant issue. These contrasting perspectives
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underscore the need for strengthened cross-sector collaboration and the development of co-
ordinated strategies to ensure the effective integration of emerging technologies into NMS.

Furthermore, Investors and Financial Institutions show an optimistic outlook regarding
all emerging technologies. Additionally, investors have higher expectations for the integra-
tion of technology in shared vehicle services compared to MaaS. These findings underscore
the importance of aligning investors’ priorities with those of other stakeholders to ensure
that investments and strategic efforts are directed toward the NMS and technologies with
the greatest potential impact. In this regard, it becomes essential to develop business mod-
els and strategies that make MaaS more attractive to investors by reducing the perceived
risks associated with its implementation as a viable business model.

Additionally, it is important to highlight specific areas where technology may have a more
limited impact. Stakeholders indicate that aspects such as affordability, equity, and social inclusion
are less likely to be influenced by technological solutions. This suggests that addressing these
challenges requires efforts beyond technological advancement—specifically, coordinated social,
economic, and regulatory initiatives—to build mobility systems that are affordable and inclusive.

Future research on NMS could explore several avenues. First, examining the long-term
impacts of emerging technologies on NMS could yield valuable insights into their broader
implications for urban life, environmental sustainability, and social equity. Second, ana-
lyzing the synergies and potential conflicts among stakeholder perspectives—particularly
in the context of MaaS—may reveal opportunities and challenges critical to the successful
implementation of such platforms across varying urban scales and sociodemographic
contexts. Third, conducting a comprehensive analysis to ensure the technological integra-
tion of NMS with public transport systems is essential to fostering a cohesive mobility
ecosystem that effectively supports modal integration. Finally, future studies could employ
advanced approaches to capture individual-level heterogeneity within stakeholder groups,
thereby helping to uncover preference patterns that shape decision-making and facilitate
the successful implementation of emerging technologies in NMS.
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Appendix A. Wilcoxon–Mann–Whitney Test Results (U-Test)

Table A1. p-value results. Comparison of stakeholders’ perspectives on the potential technologies to boost NMS.
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** 0.58 0.04

** 0.47 0.19 0.17 0.00
*** 0.89 0.91 0.83 0.96 0.49 0.11 0.19 0.10

* 0.68 0.31

Investors and
Financial Institutions

0.00
*** 0.86 0.12 0.07

*
0.00
***

0.00
*** 0.22 0.92 0.03

**
0.05
** 0.54 0.49 0.32 0.88 0.44 0.58 0.84

Mobility Operators 0.06
* 0.66 0.11 0.45 0.81 0.06

* 0.31 0.12 0.31 0.69 0.10
* 0.95 0.71 0.37 0.77 0.20 0.61

Others 0.01
*** 0.95 0.07

* 0.47 0.34 0.35 0.01
*** 0.46 0.11 0.56 0.99 0.82 0.45 0.14 0.64 0.63 0.54

Research, Academia
and Think Tank

0.03
** 0.79 0.12 0.23 0.33 0.06

*
0.00
*** 0.48 0.72 0.72 0.02

** 0.81 0.50 0.65 1.00 0.32 0.63
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Investors and
Financial Institutions 0.50 0.43 0.48 0.28 0.33 0.26 0.01

** 0.98 0.05
* 0.11 0.83 0.83 0.60 0.39 0.30 1.00 0.48

Mobility Operators 0.88 0.33 0.57 0.97 0.24 0.03
**

0.04
** 0.11 0.44 0.94 0.34 0.43 0.14 0.07

*
0.05
** 0.21 0.23

Others 0.75 0.57 0.61 0.99 0.43 0.57 0.25 0.39 0.25 0.54 0.84 0.56 0.41 0.86 0.19 0.44 0.64
Research, Academia

and Think Tank 0.87 0.35 0.46 0.74 0.75 0.70 0.32 0.63 0.75 0.65 0.19 0.58 0.33 0.59 0.12 0.31 0.61

In
ve

st
or

s
an

d
Fi

na
nc

ia
l
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st
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ut
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ns

Mobility Operators 0.37 0.82 0.93 0.31 0.02
**

0.00
*** 1.00 0.18 0.03

**
0.04
**

0.08
* 0.59 0.26 0.33 0.28 0.08

* 0.49

Others 0.66 0.82 0.85 0.23 0.02
**

0.05
** 0.15 0.47 0.00

*** 0.27 0.56 0.69 0.78 0.32 0.77 0.33 0.76

Research, Academia
and Think Tank 0.34 0.99 0.95 0.38 0.13 0.51 0.05

* 0.66 0.14 0.10
* 0.16 0.62 0.68 0.88 0.42 0.12 0.79

M
ob

ili
ty

O
pe

ra
to

rs Others 0.60 0.61 0.93 0.92 0.47 0.05
** 0.23 0.38 0.80 0.38 0.17 0.86 0.36 0.04

** 0.42 0.40 0.32

Research, Academia
and Think Tank 0.97 0.80 0.89 0.78 0.30 0.01

** 0.11 0.02
** 0.20 0.49 0.00

*** 0.86 0.39 0.18 0.77 0.78 0.31

O
th

er
s

Research, Academia
and Think Tank 0.56 0.74 0.79 0.66 0.67 0.25 0.76 0.14 0.05

** 0.76 0.02
** 1.00 0.90 0.40 0.64 0.62 0.97

Note: ***, **, * represent p-value at 0.01, 0.05, and 0.1 levels.
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Table A2. p-value results. Comparison of stakeholders’ perspectives on the impact of technology on
mobility attributes in NMS.
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Consultancy firm 0.74 0.23 0.54 0.74 0.18 0.60 0.29 0.49 0.50
Government and

Regulation Bodies 0.56 0.55 0.99 0.59 0.18 0.46 0.19 0.27 0.28

Infrastructure
Manager

and Providers
0.74 0.50 0.83 0.66 0.48 1.00 0.48 0.04

**
0.01
***

Investors and
Financial Institutions 0.89 0.99 0.66 0.43 0.06

* 0.38 0.07
* 0.91 0.81

Mobility Operators 0.94 0.23 0.47 0.99 0.83 0.46 0.83 0.81 0.51

Others 0.76 0.19 0.60 0.54 0.86 0.04
** 0.70 0.63 0.63

Research, Academia
and Think Tank 0.25 0.62 0.47 0.80 0.97 0.05

* 0.43 0.58 0.44

C
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fir
m

Government and
Regulation Bodies 0.95 0.39 0.55 0.82 0.64 0.22 0.92 0.81 0.80

Infrastructure
Manager

and Providers
0.58 0.42 0.74 0.96 0.50 0.61 0.75 0.69 0.41

Investors and
Financial Institutions 0.85 0.21 0.82 0.86 0.79 0.92 0.42 0.48 0.56

Mobility Operators 0.84 0.82 0.98 0.71 0.13 0.20 0.41 0.59 0.78

Others 0.93 0.55 0.24 0.38 0.13 0.06
* 0.54 0.29 0.55

Research, Academia
and Think Tank 0.57 0.09

* 0.22 0.79 0.08
*

0.05
*

0.05
* 0.32 0.70
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R
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Infrastructure
Manager

and Providers
0.33 0.92 0.85 0.89 0.67 0.47 0.81 0.25 0.05

*

Investors and
Financial Institutions 0.66 0.54 0.69 0.57 0.33 0.08

* 0.24 0.35 0.53

Mobility Operators 0.64 0.43 0.49 0.64 0.20 0.92 0.38 0.61 0.89
Others 0.78 0.52 0.58 0.22 0.13 0.12 0.48 0.15 0.73

Research, Academia
and Think Tank 0.47 0.22 0.51 0.81 0.08

* 0.18 0.01
**

0.09
* 0.80
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Table A2. Cont.
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1
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Investors and
Financial Institutions 0.62 0.48 0.91 0.76 0.26 0.43 0.26 0.09

*
0.03
**

Mobility Operators 0.70 0.47 0.70 0.67 0.54 0.45 0.61 0.18 0.09
*

Others 0.50 0.67 0.47 0.31 0.39 0.07
* 0.81 0.02

**
0.05
**

Research, Academia
and Think Tank 0.16 0.26 0.52 0.78 0.36 0.09

* 0.12 0.01
**

0.04
**
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d
Fi

na
nc
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l
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st

it
ut
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Mobility Operators 0.96 0.20 0.76 0.43 0.03
** 0.11 0.10 0.78 0.69

Others 0.88 0.17 0.28 0.16 0.05
**

0.01
*** 0.16 0.76 0.84

Research, Academia
and Think Tank 0.31 0.58 0.25 0.49 0.02

**
0.01
***

0.01
*** 0.81 0.67

M
ob

ili
ty

O
pe

ra
to

rs Others 0.84 0.64 0.17 0.52 0.77 0.35 0.80 0.51 0.81
Research,
Academia

and Think Tank
0.32 0.08

* 0.17 0.82 0.79 0.43 0.30 0.54 0.96

O
th

er
s

Research, Academia
and Think Tank 0.35 0.06

* 0.70 0.32 0.92 0.69 0.19 0.91 0.85

Note: ***, **, * represent p-value at 0.01, 0.05, and 0.1 levels.
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