
Academic Editor: Pierluigi Siano

Received: 5 December 2024

Revised: 13 January 2025

Accepted: 15 January 2025

Published: 21 January 2025

Citation: Wolniak, R.; Turoń, K. The
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Highlights:

What are the main findings?

• The study identifies the lack of dedicated bike paths and poor conditions of existing
paths as significant barriers to scooter-sharing adoption, especially in post-industrial
regions like Silesia, where outdated transportation infrastructure adds to the challenge.

• Inadequate fleet maintenance, complex rental processes, and difficulties with app
interfaces were found to contribute to user dissatisfaction and limit accessibility,
particularly for users with varying levels of technological literacy or health concerns.

What is the implication of the main finding?

• The lack of dedicated bike paths and poor path conditions highlight the need for
smart city initiatives to prioritize infrastructure development that supports sustainable
micromobility. This could include the integration of intelligent transportation systems
(ITS) and more adaptive urban planning to foster safer and more efficient scooter-
sharing networks.

• The operational challenges with fleet maintenance, rental processes, and app interfaces
imply that smart city strategies should focus on leveraging advanced technologies
such as AI-driven fleet management, predictive maintenance, and user-friendly digital
solutions to enhance service reliability, accessibility, and user satisfaction within urban
mobility ecosystems.

Abstract: The rapid urbanization and pursuit of sustainability have elevated shared mo-
bility as a cornerstone of smart cities. Among its modalities, scooter-sharing has gained
popularity for its convenience and eco-friendliness, yet it faces significant adoption barri-
ers. This study investigates the challenges to scooter-sharing systems within smart cities,
focusing on the Silesian region of Poland as a case study. It aims to identify region-specific
barriers and opportunities for scooter-sharing adoption in Central and Eastern Europe and
to provide insights into its long-term development trends and potential challenges. Using
comprehensive statistical methods, including factor analysis and regression models, this
study identifies key barriers such as insufficient bike paths, poor path conditions, inade-
quate signage, fleet maintenance issues, and complex rental processes. External factors like
adverse weather and heavy traffic, coupled with health and safety concerns, further hinder
adoption, particularly among vulnerable populations. Additionally, the study explores
future trends in scooter-sharing, emphasizing the role of advanced technologies, adaptive
urban planning, and sustainable fleet management in ensuring long-term feasibility. Draw-
ing on global case studies, it underscores the need for tailored infrastructural investments,
advanced fleet management, and user-centric policies to align scooter-sharing systems
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with smart city goals of sustainability, accessibility, and improved mobility. These find-
ings offer actionable insights for policymakers and service providers striving to integrate
scooter-sharing into the evolving landscape of urban mobility.

Keywords: smart city; smart mobility; mobility management; micromobility; scooter-sharing

1. Introduction
The rapid pace of urbanization has reshaped cities worldwide, prompting new ap-

proaches to managing the challenges of population growth, transportation, and sustainabil-
ity. In response, the concept of “smart cities” has emerged as a transformative framework
aimed at optimizing urban resources through digital innovation, data-driven decision-
making, and sustainable infrastructure. A smart city integrates technology across various
domains—transportation, energy, healthcare, and environmental management—to create a
safer, more efficient, and more sustainable urban environment. Key to this model is its focus
on connectivity, adaptability, and enhanced quality of life for citizens through services that
are responsive to their needs. Smart cities are defined by their capacity to gather real-time
data, process them through advanced analytics, and implement solutions that address the
complex needs of an urban population [1–3].

A core element of smart cities is the development of “shared mobility” services,
which provide flexible, on-demand transportation options. Shared mobility encompasses a
range of services, including car-sharing, bike-sharing, moped-sharing, and, increasingly,
scooter-sharing, all of which allow people to access transportation without the financial
and environmental burdens of vehicle ownership [4,5]. One key category within shared
mobility is micromobility, which refers to lightweight, primarily electric or human-powered
vehicles designed for short-distance travel in urban areas. This category includes bicycles
(manual and electric), e-scooters, electric skateboards, and other emerging solutions such
as cargo bikes. Micromobility addresses critical urban mobility challenges by providing
last-mile connectivity, reducing traffic congestion, and supporting low-emission travel.
These systems contribute to a broader transportation network, filling gaps in traditional
public transit and making cities more navigable and accessible. Built on principles of
resource efficiency, reduced congestion, and lower emissions, shared mobility services are
valuable tools in the smart city ecosystem, aligning with the goal of creating user-centered
urban spaces that support diverse lifestyles and reduce environmental impact [6,7].

One notable branch of shared mobility, scooter-sharing services, has seen rapid growth
in recent years, especially in urban areas that prioritize low-emission, sustainable transit
solutions. Scooters are compact, easy to use, and suitable for short trips, making them ideal
for city landscapes. Existing studies on shared mobility have extensively examined systems
like bike-sharing and car-sharing [8–24]. Almeida et al. [3] analyzed their role in promoting
sustainability, while Shaheen and Cohen [4] provided a framework for understanding
mobility as a service. However, research on scooter-sharing remains comparatively limited.
Deveci et al. [8] addressed operational challenges such as parking, and Sobrino et al. [9]
analyzed the regulatory aspects of e-scooter usage. Similarly, studies by Losapio et al. [22,
23] explored optimization strategies for e-scooter-sharing systems but focused primarily
on technological solutions rather than user experiences. Furthermore, while Bozzi and
Aguilera [10] discussed environmental and health impacts, their findings are primarily
generalized across cities with established micromobility networks. Teixeira et al. [24]
investigated barriers to bike and e-scooter shared usage but did not specifically address
infrastructural and individual factors in regions like Poland. Motivated by the critical need
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to understand region-specific challenges in micromobility adoption, this study focuses on
the Silesian region of Poland. The region’s unique combination of post-industrial legacy,
high population density, and growing interest in sustainable transportation provides fertile
ground for exploring how scooter-sharing systems can be integrated effectively into smart
city frameworks.

By focusing on less explored contexts, such as the Polish urban landscape, this paper
adds depth to the existing body of research and highlights region-specific barriers and
opportunities for scooter-sharing adoption.

However, scooter-sharing also introduces new logistical and operational challenges.
These include infrastructure needs (such as safe and well-maintained pathways), effective
parking solutions, and regulatory frameworks that support safe usage. Unlike other forms
of shared mobility, scooters have specific operational requirements, such as designated
lanes, proper maintenance, and safety features, that need to be addressed to ensure user
convenience and safety [8–10]. Additionally, researchers like Saha et al. [15] have empha-
sized participatory planning as a critical factor for user engagement, while Kubik [25]
demonstrated how artificial intelligence can optimize route planning in shared mobility.
However, there is a lack of studies examining how these factors interact within specific
regional contexts, particularly in Central and Eastern Europe. These insights inform the
framework of this study, which examines how infrastructure and user-specific factors shape
scooter-sharing adoption in urban environments.

According to market research presented in the Markets & Markets reports, the global
electric scooter and motorcycle market was valued at USD 30.2 billion in 2021 and is
projected to reach USD 104.6 billion by 2027, growing at a compound annual growth
rate (CAGR) of 29.4% during the forecast period [11]. In Poland, the scooter-sharing
market reflects this global expansion, showing significant growth over recent years. Data
from Statista indicate that the number of shared e-scooters in Poland increased from
approximately 5000 units in 2018 to over 30,000 units by the end of 2023, marking a sixfold
increase [12]. This surge underscores the rising popularity and acceptance of scooter-
sharing as a viable transportation option in urban Polish environments.

Focusing on the Silesian region, known in Polish as Śląsk, this area is a significant
contributor to Poland’s urban landscape. Silesia is located in the southern part of the
country and covers an area of about 12,300 square kilometers [13]. It is one of the most
densely populated regions in Poland, with a population of approximately 4.5 million people,
resulting in a population density of around 366 inhabitants per square kilometer [13].
The region is highly urbanized and industrialized, featuring a network of cities such as
Katowice, Gliwice, and Bytom, which form part of the Upper Silesian metropolitan area.
Silesia’s economy is among the strongest in Poland, with its Gross Domestic Product
(GDP)—a measure of the total value of goods and services produced within the region—
amounting to approximately PLN 282 billion in 2021. This accounts for around 12%
of Poland’s total GDP, making Silesia a pivotal economic hub. Historically reliant on
coal mining, metallurgy, and heavy industry, the region is now transitioning toward
innovation, technology, and sustainable development, aligning with EU decarbonization
goals. The Silesian Metropolis, comprising 41 interconnected cities, experiences high levels
of commuter traffic, further amplifying the demand for shared mobility solutions. As
one of the largest urban agglomerations in Central and Eastern Europe, Silesia accounts
for nearly 13% of Poland’s industrial output, underscoring the importance of efficient,
sustainable transportation in supporting its economic and social vitality. Shared mobility
services, such as scooter-sharing, are emerging as critical tools for bridging gaps in last-mile
connectivity and reducing congestion in this densely populated and economically vital
region. Additionally, with 78% of its population residing in urban areas, the need for
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innovative transportation solutions in Silesia is particularly pronounced. The integration
of scooter-sharing systems offers a dual opportunity to address infrastructural challenges
while contributing to environmental and economic goals. By focusing on Silesia, this study
not only sheds light on the unique barriers to scooter-sharing adoption in post-industrial
urban contexts but also provides valuable insights for other regions undergoing similar
transitions.

The dense urban fabric and significant industrial heritage of Silesia make it an ideal
candidate for smart city initiatives, including the adoption of scooter-sharing services.
The region has seen a notable uptake in scooter-sharing usage, aligning with its efforts
to modernize transportation infrastructure and reduce environmental impact. Reports
from the Mobile City Association “Micromobility Data Zone Q4 2023” indicate that Silesia
has one of the highest concentrations of scooter-sharing services in Poland, with over
5000 scooters available for public use [14]. This availability provides residents with flexible
transportation options that complement existing public transit systems. However, existing
studies have largely overlooked the interplay between infrastructural barriers, user-specific
factors, and regional planning policies, leaving a significant gap in the understanding of
how these systems can be optimized for local contexts.

The research gap that this paper now intends to fill is related to the little-known
understanding of what kind of barriers and problems users of smart cities face, particularly
those who use scooters-sharing services in the Silesian region of Poland. With regard
to shared mobility systems [15–20], there has been research on general user acceptance
and operational frameworks; however, there has been limited attention paid to in-depth
investigations of the unique infrastructural and operational challenges presented by scooter-
sharing services in urban environments, especially in Central and Eastern Europe [21–27].
Most of the literature has tended to focus on bike-sharing schemes, often at the expense of
the more nuanced dynamics of scooter-sharing that involves a different set of challenges
and user experiences [28–35]. For instance, studies by Zimmermann and Palgan [34] on
cargo bike-sharing and Xu and Zuo [35] on bike-sharing’s impact on traffic congestion
do not address scooter-sharing’s unique challenges. By examining the Silesian region,
this study highlights the specific barriers faced by users in Central and Eastern European
cities, which differ significantly from Western urban contexts due to distinct socio-economic
conditions and urban planning paradigms.

This gap is further pronounced in the context of Central and Eastern European cities,
whose urban planning and transportation policies differ markedly from those in the
West. Moreover, our study contributes to the existing body of knowledge by integrat-
ing individual-level factors, such as health status and physical activity, with infrastructural
and operational considerations, which is a novel approach not commonly found in previous
studies. Few have investigated the barriers reported by users and the interplay among
individual factors, health status, and level of physical activity. Moreover, there is a need
to explore how these factors collectively influence user adoption and satisfaction with
scooter-sharing services in the context of smart city frameworks, particularly in regions
with unique socio-economic and infrastructural conditions. This paper seeks to fill this gap
by providing tailored insights and actionable recommendations based on the Silesian case
study, thereby contributing new empirical data to the field of urban mobility and smart city
development. While there is an increasing discourse on the contribution of micromobility
to sustainable transportation within an urban context, the concrete implications for policy
and urban planning are largely unexplored to date in light of user experiences. In particular,
existing studies often overlook the role of user-reported obstacles, which are crucial for
shaping effective urban policies and infrastructural investments. By focusing on user
experiences and reported obstacles in the Silesian region, this study contributes to the body



Smart Cities 2025, 8, 16 5 of 41

of knowledge by presenting empirical evidence on the barriers faced by scooter-sharing
users, offering insights into how urban environments can better accommodate and promote
such services. The work also contributes to the regional insight that enables localized
strategies to enhance the effectiveness of scooter-sharing within smart cities by focusing on
the Silesian region.

This paper addresses the following research questions:

• Q1—What are the main obstacles to scooter-sharing within smart cities, particularly in
the Silesian region of Poland, from both the infrastructural and operational perspec-
tives?

• Q2—In what way do infrastructural limitations—the availability, design, and condition
of bike paths—determine the usage of scooter-sharing in the Silesian region?

• Q3—How does the relation of a person’s individual factors, state of health, and
physical activity influence the decision of a person to engage with the scooter-sharing
service?

• Q4—How might the insights on user-reported obstacles within the urban context
inform urban planning and policy decisions to best support and encourage scooter-
sharing in smart cities?

The article is structured into six comprehensive sections to ensure a clear and system-
atic exploration of the topic. The Section 1 introduces the key concepts, research questions,
and objectives of the study. The Section 2 delves into the theoretical background, focusing
on scooter-sharing within the framework of smart cities and reviewing existing scientific
studies in this domain. This provides a solid theoretical foundation for understanding
the challenges and opportunities associated with scooter-sharing systems. The Section 3
outlines the methodological approach applied in this study, detailing the research design,
data collection techniques, and analytical methods used to investigate the obstacles faced
by scooter-sharing users in the Silesian region of Poland. The Section 4 presents the results
of the study, highlighting the infrastructural, operational, and individual-level barriers
identified through data analysis. These findings are thoroughly examined in the Section 5,
which discusses the results in the context of existing research, providing a deeper under-
standing of their implications and relevance to the broader discourse on sustainable urban
mobility. Finally, the Section 6 offers the conclusions, summarizing the key insights of the
study while acknowledging its limitations and proposing directions for future research.
This structure not only addresses the specific barriers to scooter-sharing but also provides a
replicable framework for investigating micromobility challenges in other urban contexts.
By structuring this article in this manner, this study provides a comprehensive exploration
of the challenges of scooter-sharing within smart cities, contributing valuable empirical
evidence and theoretical insights to the field.

2. Theoretical Background: Scooter-Sharing in the Context of
Smart Cities

The rise of shared mobility systems has been a central theme in urban transportation
research for over two decades. As cities strive to become smarter, more sustainable, and
better connected, shared mobility has emerged as a key solution for addressing urban
challenges such as congestion, environmental degradation, and inefficiencies in public
transit. Scholars have extensively analyzed the impacts of car-sharing and bike-sharing,
positioning them as foundational pillars of the shared mobility paradigm. These systems
have been widely praised for their ability to reduce vehicle dependency, lower emissions,
and enhance urban accessibility [36–38]. This broad body of research has consistently
demonstrated the significant contribution of shared mobility to the broader goals of urban
transformation, with a particular focus on sustainability and inclusivity.
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Scooter-sharing, as a more recent addition to the shared mobility ecosystem, has gained
significant research attention in recent years, particularly in the context of smart cities.
Unlike car- and bike-sharing, scooter-sharing introduces unique operational, infrastructural,
and user-experience challenges that warrant detailed exploration. Recent studies emphasize
that scooter-sharing plays a pivotal role in bridging gaps in urban transportation networks,
particularly by providing last-mile connectivity and enhancing accessibility to underserved
areas. Scholars underline that scooter-sharing’s rapid adoption has been facilitated by its
suitability for short trips and its ability to complement existing public transit systems, yet
its specific impacts and requirements remain underexplored compared to more established
shared mobility modes.

Research on scooter-sharing systems within smart cities has focused on areas such
as environmental impacts, operational efficiency, user behavior, infrastructure and urban
planning, regulatory frameworks, and geographic specificity. These thematic areas are
crucial for understanding the multifaceted nature of scooter-sharing and for tailoring these
systems to the unique characteristics of different urban contexts.

Studies indicate that shared scooters have the potential to reduce greenhouse gas
emissions by replacing short car trips, contributing to the environmental goals of smart
cities [39]. However, the sustainability of these systems is often contingent on operational
factors such as the durability of scooters and the use of renewable energy for charging [39–42].
Manufacturing processes, frequent battery replacements, and the relatively short lifespan of
many scooters pose additional challenges [43,44]. Scholars argue that addressing these chal-
lenges requires systemic innovations in production and fleet management, emphasizing the
need for policies promoting sustainable practices across the lifecycle of scooters. Experts
emphasize that while scooters can reduce tailpipe emissions, the overall environmental im-
pact depends significantly on extending their lifespan and optimizing production methods.
To address these issues, researchers advocate for improving scooter durability, adopting
circular economy practices like battery recycling, and integrating renewable energy into
fleet management [45,46]. Such approaches are increasingly viewed as essential for aligning
micromobility solutions with the broader sustainability goals of smart cities.

Efficient fleet management is crucial for ensuring the reliability and sustainability of
scooter-sharing systems. Optimization models, such as dynamic rebalancing algorithms,
allow operators to address spatial and temporal demand variations [44,45]. IoT technologies
play a key role in monitoring scooter conditions and scheduling maintenance, while
renewable energy sources are increasingly being used to power charging networks [46].
Recent advancements in predictive analytics and IoT-driven maintenance frameworks have
demonstrated significant potential to reduce operational inefficiencies and enhance service
quality. Studies indicate that predictive maintenance technologies and user-driven scooter
redistribution incentives are emerging as critical strategies for enhancing operational
efficiency and reducing costs. User incentives for redistributing scooters have also proven
effective in improving fleet efficiency and reducing operational costs [47]. The integration
of AI-based demand forecasting systems has further optimized fleet operations, particularly
in urban areas with variable demand patterns.

User acceptance is another critical area of research. Younger populations tend to
adopt scooter-sharing services more readily, often citing convenience and environmental
benefits as key motivations [48]. However, concerns related to safety, such as helmet use,
speed limitations, and interactions with other road users, remain significant barriers to
broader adoption [49]. Researchers also highlight that the perceived lack of dedicated
infrastructure exacerbates safety concerns, deterring potential users who prioritize security
over convenience. Furthermore, demographic factors such as income level, gender, and ed-
ucational background also influence adoption patterns, highlighting the need for inclusive
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policy interventions. Seasonal variations, affordability, and integration with other transport
modes also influence user satisfaction and long-term engagement with scooter-sharing
systems [50–53]. Findings from various studies suggest that seamless integration with
multimodal transport systems significantly enhances user engagement, particularly in
urban areas with well-established public transit. Innovative pricing strategies, such as
dynamic pricing and subscription models, have also been identified as effective tools for
increasing user retention.

The successful integration of scooter-sharing into urban environments requires ad-
equate infrastructure. Dedicated lanes, parking zones, and clear signage significantly
enhance user safety and satisfaction [54,55]. Cities with well-developed micromobility
infrastructure report higher ridership, as users feel safer and encounter fewer conflicts with
pedestrians and vehicles [56]. Scholars advocate for city planners to prioritize micromobil-
ity infrastructure investments to minimize friction between different types of road users.
The role of public–private partnerships in financing and developing such infrastructure is
increasingly recognized as a key enabler for widespread adoption. Advanced solutions,
such as sensor-equipped smart infrastructure, are being explored to further enhance safety
and operational efficiency [57].

Regulatory frameworks play a critical role in shaping the development of scooter-
sharing systems. Inconsistent policies, such as varying speed limits and parking regulations,
often hinder their adoption [57,58]. Research highlights the importance of harmonized
regulations and transparent policies that balance innovation with public safety [59]. The
literature suggests that regulatory harmonization, particularly in transitional regions,
can significantly reduce operational challenges and foster trust between operators and
users. Data-sharing agreements between operators and municipalities are also increasingly
recognized as essential for effective planning and oversight [60,61]. Studies emphasize
that clear and enforceable regulations, coupled with stakeholder engagement, are vital for
achieving long-term sustainability and public acceptance of scooter-sharing systems.

Localized studies underscore the importance of geographic and cultural contexts
in implementing scooter-sharing systems. For example, Copenhagen demonstrates how
progressive urban policies and comprehensive micromobility infrastructure support the
seamless integration of scooter-sharing into broader transportation networks [62,63]. Dedi-
cated lanes and well-enforced parking regulations in the city have minimized conflicts and
enhanced user experiences. By contrast, the rapid proliferation of scooters in Paris initially
led to significant public backlash due to issues such as improper parking and pedestrian
obstructions [64]. Regulatory interventions, including strict parking zones and operator
caps, subsequently improved system reliability and public acceptance. These contrasting
case studies illustrate how urban planning and governance must adapt to local contexts to
optimize the benefits of scooter-sharing systems.

In Warsaw, challenges related to inadequate infrastructure and operational inefficien-
cies have hindered the growth of scooter-sharing systems. The lack of dedicated lanes and
frequent conflicts with pedestrians have negatively impacted user perceptions [65]. These
cases illustrate how differing urban dynamics necessitate tailored policy approaches to
ensure the success and acceptance of scooter-sharing systems. Studies focusing on War-
saw underscore the importance of aligning micromobility initiatives with broader urban
development goals, particularly in rapidly growing metropolitan areas.

While global trends in scooter-sharing provide valuable overall insights, they often
fail to capture the specific nuances of implementation in connection to the local needs
of transitional or post-industrial regions. Research suggests that these regions face com-
pounded challenges, such as fragmented infrastructure, socio-economic disparities, and
limited policy support, which require targeted interventions and context-specific solutions.
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This study aims to address these issues by focusing on the Silesian region of Poland. By
analyzing user obstacles and examining the interplay between infrastructural, operational,
and cultural factors, this research contributes to a localized understanding of the barriers to
scooter-sharing adoption.

Understanding how infrastructural limitations, operational inefficiencies, and user
perceptions intersect in Silesia can provide valuable insights for both local policymakers and
global smart city initiatives. Such insights are critical for adapting micromobility solutions
to the unique needs of diverse urban landscapes, ensuring their long-term sustainability
and effectiveness. By focusing on Silesia, this study bridges an important gap in the
literature, offering evidence-based recommendations for enhancing scooter-sharing systems
in transitional urban contexts.

3. Materials and Methods
3.1. Description of the Research

This study employed a structured survey methodology to capture detailed information
on user perceptions, barriers, and specific factors that affect the utilization of scooter-sharing
services. The method applied is consistent with its objectives for understanding the physical
as well as operational challenges that users face within the urban environment in this region.
In Figure 1, there is a summarization of the stages of this research. The questionnaire
consisted of two parts dealing with the above-mentioned two aspects separately to assess
scooter-sharing challenges. The first part referred to the identification of mobility obstacles
that directly affected users in traveling with scooters. Among the variables were problems
connected with the number of bike paths, the design of bike paths, the condition of bike
paths, health and safety concerns, weather, and car traffic. The first part of the questionnaire
consisted of 11 questions. The second part of the questionnaire consisted of 13 questions
about Obstacles to Utilization. Among the variables examined in this part are the condition
of scooter fleets, rental regulations, types of vehicles, rental costs, the registration process,
the number of scooters, and battery capacity. These variables were developed in view of
some preliminary observations and insight from existing research on urban mobility issues
in smart city contexts. The questions were closed. We used a 5-point scale (1—very small
impact; 5—very large impact). The research was carried out in the first part of 2024.

The initial set of questions underwent evaluation through the expert method
(stage B2A). To determine whether a specific question should be incorporated into the
survey for measuring scooter-sharing obstacles, feedback was gathered from professionals
and academics specializing in smart mobility, with a particular focus on scooter-sharing.
Given that these two expert groups possess varying competencies in different areas, it was
essential to establish criteria for evaluating and selecting experts for participation in the
survey based on their qualifications [66].

Following the main research, a pilot study was conducted in autumn 2023 with a
sample of 30 people living in the Silesian region of Poland. The pilot study should resemble
the full-scale survey in all aspects as far as possible. A primary purpose of the pilot study
is to catch potential problems with the questionnaire. In this context, potential issues
might involve checking whether participants understood the questions well and could
easily give responses. This stage provided valuable feedback that pointed toward areas
for improvement. In light of the information received during the pilot study, certain
changes were made in the questionnaire regarding the rewording of questions for better
understanding.
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Figure 1. Stages of the research procedure.

The pilot study offered a chance to evaluate, generally, the flow and the structure
of the questionnaire. In that respect, it considered the logical order of the questions and
whether the length of the survey was appropriate for participants. The feedback helped
identify redundancy among the questions and hinted at areas where additional questions
would be necessary to capture critical aspects of utilization of scooter-sharing services.

For the purpose of this study, data were collected by a structured questionnaire
disseminated via the Internet using the social network Facebook. This method was adopted
because, with such a method, one may reach a very big and heterogeneous group of possible
users of scooter-sharing services, in particular those familiar or potentially interested in
using such services in urban areas of the Silesian region. The online survey targeted the
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experiences of users of scooter-sharing systems regarding barriers to mobility and obstacles
to such service use.

Actual data analysis then followed, and the preparation of the raw dataset included
cleaning of the data, which has always been a major aspect of making sure that the analyses
performed thereafter would turn out to be accurate and reliable. Some of the main activities
of data cleaning that were involved in handling the data during this period included
the checking of missing values, identification of outliers, treatment, and checking on the
consistency of responses.

A delete-case strategy for incomplete responses was thus adopted in case of missing
responses. For example, the whole response was excluded if it was found that the respon-
dent did not finish any substantial part of the survey—that is to say, having skipped most of
the questions. This strategy was to prevent the distortion of findings based on incomplete
information.

The dataset was subjected to statistical methods to identify outliers. Outliers are
known to distort results, especially in methods such as regression analysis and factor
analysis, where misleading conclusions about the trend of data may be drawn.

In the given study, the variables were several categorical variables, mainly dealing
with the experiences of the users, either about the presence of bike paths or generally
speaking about the state of the scooter fleet. This work needed to have numerical values
for categorical variables. Preprocessing was carried out by controlling the categorization to
maintain consistency. These were cleaned of inconsistencies, which included invalid entries
and/or inconsistent response patterns, through recoding or the exclusion of problematic
responses. Categorical data were sometimes recoded to dummy variables for certain
statistical analyses, such as regression and factor analysis.

In this research, Cronbach’s alpha (α) was applied as a reliability coefficient for the
questionnaire. A Cronbach’s alpha of 0.89 indicates that the items on this questionnaire are
reasonably correlated to each other, and thus presumably measure the same underlying
construct, which is the utilization of scooter-sharing services. In general, coefficients
between 0.8 and 0.9 reflect good reliability, which indicates that items are homogeneous
but heterogeneous enough to allow for fine-grained discrimination.

Therefore, a value of 0.89 suggests that the measuring instrument can consistently
capture the various dimensions of the perceived obstacles to scooter-sharing. This high
reliability also means that the data collected are likely to be stable and reproducible in
similar settings or under repeated administrations. Therefore, stakeholders can have
confidence in the conclusions drawn from this study, as the findings are based on a reliable
and systematically structured measurement tool. Additionally, the reliability coefficient
adds credibility to subsequent analyses such as factor analysis and regression modeling,
since it indicates that the dataset is indeed representative of the users’ experiences and
perspectives.

To determine the sample size, the following formula was used:

Nmin =
Np

(
α2 ∗ f (1 − f )

)
Np ∗ e2 + α2 ∗ f (1 − f )

(1)

where

Nmin—minimum sample size;
NP—population size from which the sample is drawn;
α—confidence level for the results, with the value of Z in the normal distribution for the
assumed level of significance;
f—fraction size;
e—assumed maximum error.
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In this study, the following values were adopted:

α—confidence level: 0.05;
NP—an unknown population;
f—0.5;
e—0.1.

The formula made it possible to estimate the minimum sample size necessary to
ensure that the findings would be representative; meanwhile, the total population of users
of scooter-sharing is unknown in the Silesian region. In utilizing the formula, the confidence
level will be 95%. With such a choice of this value, the researcher attempts to ensure high
representation and accuracy of their findings about the user’s population. After calculation,
the minimum sample was 96 questionnaires.

Our final sample size consists of 196 completed responses through online question-
naires distributed via social networking sites targeted at locals and those likely to use
scooter-sharing services. This exceeds the minimum as computed with the formula (which
was 96) and therefore increases the robustness of the research. In addition, through the
response filtering criterion, it was ensured that only the responses by active users of
scooter-sharing services were included in the results; therefore, relevant data focus on
direct experiences in using these systems.

This part of the questionnaire was directed towards the operational framework of
scooter-sharing systems, thus assessing barriers linked to scooter maintenance and func-
tionality. In this regard, the variables went from general issues regarding fleet maintenance
and disinfection practices of scooters to more specific ones on the usability of the rental
process, including technical problems such as battery capacity, rental cost, and complexities
within the application or registration system.

Data collection was carried out by a structured questionnaire addressed to users of
scooter-sharing services in urban areas of the Silesian region. We conducted an online
survey on Facebook platforms of various Silesian cities with the purpose of reaching an
audience that is familiar and likely to use local scooter-sharing services. This distribution
channel allowed us to gather 196 completed responses in an efficient manner. One question
in the questionnaire concerned users’ engagement in scooter-sharing services. For the next
step, only the questionnaires of respondents who showed active use of scooter-sharing
were selected. Through this filtering criterion, the collection of questionnaires focused on
the relevant user experiences; hence, only valid questionnaires were used in the ensuing
stages of data analysis.

The rating on a scale for each variable therefore provided quantitative data on the
perceived importance of each obstacle. The data obtained were treated using several statis-
tical analyses, which included central tendency, dispersion, skewness, and kurtosis. These
set a base of data on user experiences and general sentiment regarding scooter-sharing
infrastructure and system operations. It is from this analysis that the mean scores and
identification of the primary obstacles of scooter-sharing in the region were identified [67].
We also applied factor analysis in an effort to identify and group the underlying dimensions
affecting scooter-sharing challenges. After using a Varimax rotation with the Kaiser–Meyer–
Olkin test and a test for matrix adequacy, two factors seemed to be important in accounting
for variation in user experiences [68]. The first factor was infrastructural and safety con-
cerns, with the variables of path availability and condition, plus associated safety concerns
loading on to this factor. This second factor included personal barriers to use, including
health conditions and impacts of the external environment, such as weather, which impede
scooter use. These together captured more than half of the total variance, thus providing a
robust model which can help in understanding the main challenges in scooter-sharing.
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For this reason, multiple regression analysis might be performed to investigate in
greater detail the influence of such obstacles on physical health, considering self-assessed
health status and actual physical activity related to scooter use as health status indicators.
Actually, this kind of analysis may help to outline how mobility and operational barriers
are related to users’ health outcomes, thus supporting the general objectives of promoting
sustainable and health-oriented urban mobility solutions.

The survey about scooter-sharing obstacles was divided into two parts. The first
part concerned the main obstacles to moving around using scooters from scooter-sharing
systems—OM (Obstacles to Mobility). In this case, the following variables were taken into
account:

1. OM1—Too few bike paths available for scooters;
2. OM2—Poor condition of bike paths for scooters;
3. OM3—Poorly designed bike paths for scooters;
4. OM4—Cars parked on bike paths;
5. OM5—Litter on bike paths;
6. OM6—Pedestrians on bike paths;
7. OM7—Poor signage on bike paths;
8. OM8—Safety concerns;
9. OM9—Health condition does not allow for scooter use;
10. OM10—Weather does not allow for scooter use;
11. OM11—Car traffic.

The second part concentrated on the main obstacles to using scooters from scooter-
sharing systems from the perspective of the functioning of scooter-sharing systems—OU
(Obstacles to Utilization). We differentiated the following variables:

12. OU1—Insufficient disinfection of the scooter fleet;
13. OU2—Poor visual condition of the scooter fleet;
14. OU3—Poor technical condition of the scooter fleet (damaged, incomplete);
15. OU4—Overly complicated rental regulations;
16. OU5—Excessive penalties for regulatory violations;
17. OU6—Too much responsibility placed on the user;
18. OU7—Inappropriate types of vehicles;
19. OU8—Rental costs;
20. OU9—Difficulties in using the application;
21. OU10—Insufficient information available in the application;
22. OU11—Complicated registration process in the system;
23. OU12—Too few scooters;
24. OU13—Insufficient battery capacity (scooter range).

As variables whose impact on the examined obstacles to using scooter-sharing was
decided to be investigated, the following issues were defined:

25. V1—Assessment of health status;
26. V2—Evaluation of the level of physical activity.

3.2. The Description of Methods Used in the Data Analysis

To analyze the data, factor analysis was used with the Varimax rotation. Factor analysis
is a statistical method used to identify underlying relationships between variables. It helps
to reduce the dimensionality of data by grouping correlated variables into factors [68]. The
goal is to explain the observed variance in the data with a smaller number of unobserved
variables (factors).
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Factor Model: The basic model for factor analysis can be expressed as

X = ΛF + ϵ (2)

where

• X is the vector of observed variables.
• Λ is the matrix of factor loadings.
• F is the vector of latent factors.
• ϵ is the vector of unique factors (error terms).

The covariance matrix of the observed variables can be expressed as

Σ = ΛΦΛT + Ψ (3)

where

• Σ is the covariance matrix of the observed variables.
• Φ is the covariance matrix of the factors (often assumed to be the identity matrix if

factors are orthogonal).
• Ψ is a diagonal matrix of unique variances (the variances of the error terms).

PCA, or principal component analysis (a part of factor analysis), is a statistical process
that reduces the multidimensionality of data to lower dimensions with minimal loss of
information. The objective of PCA is mainly to transform the original set of variables that
are correlated into a new set of uncorrelated variables, called principal components. But
now, the principal components are linear functions of the original variables taken in such a
manner that the first principal component accounts for the largest variance and the second
principal component is the second largest, and so on [69].

First, the data standardization process involves centering the variables by subtracting
the mean and scaling them to have unit variance. This is an important step, especially when
the original variables are measured on different scales. Then, PCA calculates the covariance
matrix to determine how the variables relate to one another. Next comes the computation of
eigenvalues and eigenvectors of this variance–covariance matrix. While eigenvalues give a
ratio about the amount of variance apportioned by each principal component, eigenvectors
are used to define directions that these components take in original variable space [69].

After the extraction of eigenvalues and eigenvectors, PCA arranges the principal
components in order of the magnitude of their eigenvalues. This enables the researchers
to identify which components explain the most variance. Only a few principal compo-
nents usually remain for further analysis because they hold most of the variability. This
dimensionality reduction assists in visualizing the data, reduces noise, and enhances the
performance of machine learning algorithms because of the elimination of redundant
features [68,69].

Variance explained is the total variance in the observed variables can be decomposed
into variance explained by the factors and unique variance: Var(X) = Var(ΛF) + Var(ϵ).

Varimax rotation is a statistical method applied to factor analysis with the intention of
increasing the interpretability of the factors that are extracted from a dataset. The major
intention of Varimax rotation is simplification of the factor structure in such a manner
that the variance of the squared loadings of each factor across the observed variables is
maximized. This process gives rise to a sharper distinction between the factors, making
identification of which variables are most strongly associated with each factor easier.

This might also be the case when factors are extracted for the first time; their loadings
could be spread across multiple variables, creating a complex and not-easy-to-interpret
structure. The Varimax rotation solves this issue: it renews loadings in such a way that
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each variable will load highly on one or a few factors and minimally on others. Such an
approach will develop a more straightforward and interpretable factor solution where the
inter-relation among variables and factors would become crystal clear [68,69].

Mathematically, Varimax rotation seeks to maximize the following: the sum of the
variances of the squared loadings for each factor. In so doing, it favors a solution in which
some variables have high loadings on particular factors and low loadings on other variables,
thereby aiding the interpretability of the underlying structure of the data. By doing so, it
results in a set of orthogonal factors that are uncorrelated with one another. This may be
very useful in several fields, including psychology, marketing, and social sciences, whereby
knowing the distinct dimensions of a construct is critical [70–72].

The Varimax criterion can be mathematically expressed as

Maximize∑k
j=1

(
∑p

i=1 a2
ij

)2
(4)

subject to the constraint that the factors remain orthogonal, which means

∑p
i=1 aij ∗ aik for j ̸= k

where

• aij is the loading of variable i on factor j;
• p is the number of variables;
• k is the number of factors.

The Kaiser–Meyer–Olkin (KMO) test is a statistical measure used to assess the suitabil-
ity of data for factor analysis. A higher KMO value indicates that the data are appropriate
for factor analysis, while a lower value suggests that the data may not be suitable [68–72].

The KMO statistic is calculated using the following formula:

KMO =
∑

p
i=1 ∑

p
j=1,j ̸=i r2

ij

∑
p
i=1 ∑

p
j=1,j ̸=i r2

ij + ∑
p
i=1 ∑

p
j=1,j ̸=i q2

ij
(5)

where

• rij represents the correlation coefficients between variables i and j.
• qij represents the partial correlation coefficients between variables i and j, which

measure the correlation between two variables while controlling for the effects of other
variables.

The KMO statistic ranges from 0 to 1, with interpretations as follows:

• A KMO value close to 1 (typically above 0.6) indicates that the data are suitable for
factor analysis, suggesting that the variables share enough common variance.

• A KMO value below 0.5 suggests that the data may not be suitable for factor analysis,
indicating that the variables do not share sufficient common variance.

In practice, the KMO test is usually conducted with Bartlett’s test of sphericity, as-
sessing the null hypothesis that the correlation matrix is an identity matrix, which implies
that all variables are unrelated. A significant result for Bartlett’s test combined with a high
KMO value gives sufficient evidence that factor analysis will be suitable for the dataset.

In other words, the Kaiser–Meyer–Olkin test is one of the important diagnostic con-
siderations in factor analysis that tests the sufficiency of the sample size and the strength
of the intercorrelations among the variables. The computation of the KMO statistic will
tell the researcher whether or not their data are appropriate to continue with, so that the
results of factor analysis are meaningful and interpretable.
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The scree plot by Cattell is a graphical tool in factor analysis and principal component
analysis to determine how many factors or components one should be retained in a dataset.
The plot displays the eigenvalues of factors in descending order, plotting value against
its corresponding factor number. The graph usually contains a clear “elbow”, where the
eigenvalues’ slope clearly flattens out, which marks the point beyond which additional
factors contribute very little variance and become less meaningful. Factors that come
before the elbow point are considered to be significant, since they explain most of the
variance in the data, whereas factors after the elbow are often treated as noise. This visual
approach makes it easier to decide on the dimensionality reduction and to avoid overfitting
by selecting only the most influential factors. It will ensure that the variance retained by
the components is effective in representing the structure of the data while minimizing
redundancy [73].

The Mann–Whitney U test, also referred to as the Wilcoxon rank-sum test, is one of
the most useful nonparametric statistical tests, which has been employed in comparing
two independent groups when such data cannot fulfill normality assumptions, which
is necessary for parametric tests. That determines if one group tends to have greater or
lesser values than another by ranking all the observations and testing the sum of the ranks
in each group. The test produces a U statistic that is then compared to a critical value
or converted to a p-value in order to determine statistical significance. Unlike the t-test,
the Mann–Whitney U test does not assume equal variances or a normal distribution and
is, therefore, suitable for ordinal, skewed, or small-sample datasets. It is, therefore, very
commonly applied in psychology, medicine, and social sciences, among other fields that
evaluate the presence of differences in outcomes, preference, or behavior between two
well-distinguishable populations [73].

Another method applied in the analysis of data is multiple regression analysis. Multi-
ple regression analysis is a statistical method that is used to know the relationship between
one dependent variable and two or more independent variables. This method helps the
researcher to judge the effect of multiple predictors on a single outcome, and it is a very
powerful tool for prediction and causal inference in many fields like social sciences, eco-
nomics, and health research [72,73].

In multiple regression, the goal is to model the dependent variable Y as a linear
combination of the independent variables X1, X2, . . ., Xk. The general form of the multiple
regression equation can be expressed as:

Y = β0 + β1X1 + β2X2 + · · ·+ βkXk + ϵ (6)

where

• Y is the dependent variable (the outcome we are trying to predict).
• β0 is the intercept of the regression line, representing the expected value of Y when all

independent variables are equal to zero.
• β1, β2, . . ., βk are the coefficients of the independent variables, indicating the change in

the dependent variable Y for a one-unit change in the respective independent variable,
holding all other variables constant.

• X1, X2, . . ., Xk are the independent variables (predictors).
• ϵ is the error term, representing the variation in Y that cannot be explained by the

independent variables.

For multiple regression analysis to yield valid results, several key assumptions must
be met:

1. Linearity: The relationship between the dependent and independent variables should
be linear.
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2. Independence: The residuals (errors) should be independent of each other.
3. Homoscedasticity: The residuals should have constant variance at all levels of the

independent variables.
4. Normality: The residuals should be approximately normally distributed.

The coefficients β0, β1, . . ., βk are estimated using the method of least squares, which
minimizes the sum of the squared differences between the observed values and the values
predicted by the model. The least squares criterion can be expressed as:

Minimize ∑n
i=1

(
Yi − Ŷi

)2 (7)

where

• Yi is the observed value of the dependent variable.
• Ŷi is the predicted value of the dependent variable based on the regression model.
• n is the number of observations.

Multiple regression analysis is a comprehensive statistical method that enables re-
searchers to explore the relationships between a dependent variable and multiple indepen-
dent variables. By providing a framework for understanding how various factors contribute
to an outcome, multiple regression serves as a valuable tool for data analysis, prediction,
and decision-making across a wide range of disciplines; in our paper, the method was
used to analyze relationships between scooter-sharing obstacles and the physical health of
users [72,73].

4. Results
4.1. Classification of Main Obstacles to Moving Around Using Scooters from Scooter-Sharing
Systems

To provide a foundational understanding of the barriers affecting scooter-sharing
adoption, Table 1 presents a preliminary statistical analysis of key variables, encompassing
measures of central tendency, dispersion, and distribution shape. These metrics offer
valuable insights into user perceptions and experiences, forming the basis for deeper
analysis of the identified obstacles.

Table 1. Basic statistics for obstacles to moving abound using scooters from scooter-sharing system.

Variable Mean Median Minimum Maximum Standard
Deviation Skewness Kurtosis

OM1—Too few bike paths available for scooters 3.10 3.00 1.00 5.00 1.46 −0.12 −1.34

OM2—Poor condition of bike paths for scooters 3.28 3.00 1.00 5.00 1.27 −0.28 −0.81

OM3—Poorly designed bike paths for scooters 3.24 3.00 1.00 5.00 1.28 −0.25 −0.92

OM4—Cars parked on bike paths 2.91 3.00 1.00 5.00 1.35 0.11 −1.08

OM5—Litter on bike paths 2.85 3.00 1.00 5.00 1.26 0.26 −0.83

OM6—Pedestrians on bike paths 3.65 4.00 1.00 5.00 1.34 −0.56 −0.96

OM7—Poor signage on bike paths 2.93 3.00 1.00 5.00 1.30 0.08 −0.94

OM8—Safety concerns 3.15 3.00 1.00 5.00 1.19 0.07 −0.80

OM9—Health condition does not allow for scooter use 2.32 2.00 1.00 5.00 1.34 0.64 −0.78

OM10—Weather does not allow for scooter use 3.25 3.00 1.00 5.00 1.38 −0.24 −1.15

OM11—Car traffic 3.07 3.00 1.00 5.00 1.33 −0.04 −0.99

Analysis shows that OM6 represents the highest average with 3.65; this, in fact,
represents the greatest problem mentioned by the respondents because it reflects the
general feeling that pedestrians are viewed as a danger to scooter users, who require



Smart Cities 2025, 8, 16 17 of 41

separate lanes and delimitation in order to improve safety and efficiency within the usage
of shared areas. Afterwards come, in order, OM2 (poor maintenance of bike paths) with
3.28 and insufficiently designed paths (OM3) with 3.24. The results above clearly show that
the infrastructure is found to be very inadequate and badly maintained by users, hence
being the causes that raise many problems for a safe and smooth ride. The disappearance
of these two issues would radically raise user satisfaction and be important for higher
diffusion of scooter-sharing systems.

Contrarily, OM8 reflects a rather low mean of 2.32, reflecting the least acute problem.
This would mean that a greater proportion of users generally feel safe riding their scooters,
although some minor safety concerns remain. The second is OM11, with an average of
3.10, which forms one of the major obstacles reflecting general apprehension about going
through the urban traffic flow alongside big vehicles. On the other hand, OM10, scoring
3.07, shows that environmental factors, though moderate, may affect the pattern of use of
scooters and require flexibility in operational strategies during inclement weather.

The results showed that infrastructural and environmental factors were strong in shap-
ing users’ experiences and decisions about scooter-sharing systems. The major complaints
revolve around interference with pedestrians and the poor condition of paths, signaling
the need for intervention in urban planning. Lower-rated issues of traffic and weather add
to barriers that have to be overcome.

The medians in the survey data give a robust measure that describes the central
tendency in respondents’ perception of obstacles to scooter-sharing. For instance, a median
of 3.00 for OM1, OM2, and OM3 indicates that at least half of the respondents have judged
these obstacles to be at least moderately important. A consistent median indicates that
users perceive the challenges posed by inadequate infrastructure. This consistency of the
median score for these variables therefore reinforces the notion that these infrastructural
issues are concerns that are universally felt and, as such, imply a dire need for the urban
planners to address these deficiencies in order to encourage more scooter usage.

On the contrary, the median value of OM6 is 4.00, while that of OM8 is 2.00, which
points to different magnitudes of perception regarding particular obstacles. The median of
4.00 for pedestrian presence suggests that many of the respondents see this as a serious
problem; it is a signal to the latent dangers in using shared pathways and points to the
interest in a clearer separation between pedestrians and scooter users. In contrast, the me-
dian value concerning safety issues is lower and reaches the value of 2.00, suggesting that,
though related, safety is seen by most users as not being a main barrier. This discrepancy in
medians is indicative of the complexity in user experiences associated with scooter-sharing
systems in that, while infrastructure issues are paramount, personal perceptions on matters
of safety could be relative or dependent upon individual experiences or local environments.

Standard deviation values from the survey data below provide valuable insight into
the variability among the perceptions of the respondents related to obstacles in scooter-
sharing systems. In this case, the rather high standard deviations of variables like OM1
and OM11, at 1.46, show a high degree of disagreement between the respondents as to
the effects that these issues cause. Differences of this kind would mean that some persons
treat such obstacles as very harmful; others do not think of them as grave, showing either
a difference in experience or context for this user base. In contrast, the smaller standard
deviations for OM8, at 1.34, and OM5, at 1.26, both indicate a higher degree of concordance
among subjects on the perceived impact of those obstacles. Such variation in dispersion
underlines the complexity that may exist in user experiences with scooter-sharing systems
and highlights that overcoming these obstacles may need treatments that are addressed
differently, as views might vary within the community.
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Skewness in the survey data acts as an important indicator of how the respondents feel
about these obstacles associated with scooter-sharing systems. Skewness is the measure of
asymmetry in the distribution of ratings. For example, variables with a near-zero skewness,
such as OM1, indicate that opinions among responders are rather symmetric around
the mean value. This would be indicative of a certain consensus among those surveyed
regarding the importance of this obstacle. A positive skewness, on the other hand, such
as in the case of OM8, would mean that though most respondents rated safety concerns
as low, a fair proportion, constituting an important minority, perceives these to be serious
barriers. It is said to mean that though the majority feel fairly safe, a certain minority hold
negative perceptions. Insight into such aspects is, therefore, important to the stakeholders
that are interested in improving scooter-sharing systems, as the need for targeted strategy
development based on concerns about vulnerability in such environments necessarily has
to take into consideration active user perspectives in the planning and implementation of
scooter infrastructures.

In this regard, kurtosis means the degree of “tailedness” that the distribution has
regarding the respondents’ perception of obstacles in view of scooter-sharing systems. This
provides information about extreme values and the shape of the distribution as a whole.
Thus, negative values of kurtosis, as with the variables OM2 and OM6, signify that the
distribution of ratings is flatter, with fewer extreme ratings. This would imply that there is
some general common viewpoint in the respondents and that few outlier opinions are far
from the mean. It may indicate a situation where there is a consensus among the users about
these obstacles, meaning that most have similar levels of concern about them. Conversely,
if the kurtosis was positive, it would denote a more peaked distribution with more extreme
values and, by extension, polarized views among the respondents. Understanding the
kurtosis will, therefore, help stakeholders make out the homogeneity or heterogeneity in
users’ perception—quintessential for the effective handling of the challenges that come
with scooter-sharing systems and enhancements reflecting broad experiences and concerns
across the board.

Thus, applying factor analysis to the barriers in using scooters within a scooter-sharing
system represents a higher-order statistical method to explore those latent dimensions
governing user experience. Rotations such as normalized Varimax are useful in interpreting
these factors because orthogonality is retained, with each factor more definitely identifying
one area of influence.

Factor analysis has been carried out in order to reduce the factors’ variability. Varimax
rotation was performed via normalization. The Kaiser–Meyer–Olkin test result for the
adequacy of the correlation matrix is 0.77, and it supports the factor analysis process in
this case. The Kaiser criterion recommends retaining two factors with an eigenvalue value
greater than 1. Cattell’s scree plot criteria also point to retaining two factors—Figure 2
(infrastructure and safety concerns; personal usage barriers).

According to the factor analysis results, it can be noticed that the barriers to travelling
using scooters from a scooter-sharing system group into two different factors. Each one of
the above elements expresses another dimension of the obstacles of using scooter-sharing
services and is depicted with the help of the factor loadings identified in Table 2 below. The
Varimax rotation method is based on a normalized method that maximizes the variance
explained by each single factor, but the factors remain orthogonal, i.e., uncorrelated.
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Figure 2. Cattell’s scree plot for Obstacles to Mobility.

Table 2. The loadings of factors—Obstacles to Mobility.

Variables Factor 1 Factor 2

OM1—Too few bike paths available for scooters 0.519 0.418

OM2—Poor condition of bike paths for scooters 0.557 0.562

OM3—Poorly designed bike paths for scooters 0.643 0.535

OM4—Cars parked on bike paths 0.743 0.301

OM5—Litter on bike paths 0.752 0.307

OM6—Pedestrians on bike paths 0.788 −0.065

OM7—Poor signage on bike paths 0.728 0.321

OM8—Safety concerns 0.680 0.051

OM9—Health condition does not allow for scooter use 0.132 0.797

OM10—Weather does not allow for scooter use 0.264 0.634

OM11—Car traffic 0.707 0.065

Explained value 4.312 2.206

The first factor is infrastructure and safety concerns, which is a summation of various
variables outlining physical and environmental issues about the use of scooters (Figure 3).
It would include such variables like the availability of bike paths (OM1), their condition
(OM2), and their design (OM3). It also deals with the problem of parked cars blocking
bike paths (OM4), trash (OM5), and pedestrian congestion (OM6)—all kinds of things
which make them think that scooter-sharing unsafe and/or not usable. All this sums
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up to very bad signage, OM7, and a general low sense of safety, OM8. Another big
influence concerning this aspect is car traffic (OM11), which again underlines the fact that
scooter paths can be safe and accessible only where the traffic is well regulated, adequately
separated, and supported by proper infrastructure to ensure the safety and convenience of
scooter users.

Figure 3. Identified factors of Obstacles to Mobility.

The second factor refers to the personal usage barriers, representing factors of the
person that deter scooter usage. This captures the best factor of the health condition
variable: it is indicative of quite a few potential users who are restricted because of bad
health issues. The factor captures scooter use, influenced by weather conditions, in that
such outside environmental elements restrict an individual in their ability to use a scooter.
The inter-relationships among these various variables represent an extended focus on
the issues experienced by scooter users and, therefore, a means through which it can be
suggested that interventions targeted at infrastructural and personal barriers will tend to
improve overall scooter utilization.

4.2. Classification of the Main Obstacles to Using Scooters from Scooter-Sharing Systems from the
Perspective of the Functioning of Scooter-Sharing Systems

Table 3 is an overview of obstacles in using scooter-sharing systems faced by users,
examined by various basic statistics. Obstacles refer to the following: the mean, median,
minimum, maximum, Std. Dev., Skew, and kurtosis demonstrate the perception and
experience of users.

Table 3. Basic statistics for obstacles to using scooters from scooter-sharing systems from the perspec-
tive of the functioning of scooter-sharing systems.

Variable Mean Median Minimum Maximum Standard
Deviation Skewness Kurtosis

OU1—Insufficient disinfection of the scooter fleet 2.40 2.00 1.00 5.00 1.34 0.55 −0.86

OU2—Poor visual condition of the scooter fleet 2.69 3.00 1.00 5.00 1.20 0.31 −0.69

OU3—Poor technical condition of the scooter fleet
(damaged, incomplete) 2.90 3.00 1.00 5.00 1.22 0.11 −0.80

OU4—Overly complicated rental regulations 2.60 3.00 1.00 5.00 1.17 0.21 −0.66

OU5—Excessive penalties for regulatory violations 2.95 3.00 1.00 5.00 1.21 0.19 −0.79

OU6—Too much responsibility placed on the user 3.00 3.00 1.00 5.00 1.23 0.05 −0.89

OU7—Inappropriate types of vehicles 2.62 3.00 1.00 5.00 1.17 0.30 −0.64

OU8—Rental costs 3.25 3.00 1.00 5.00 1.31 −0.15 −1.06

OU9—Difficulties in using the application 2.39 2.00 1.00 5.00 1.13 0.36 −0.70

OU10—Insufficient information available in the application 2.44 2.00 1.00 5.00 1.08 0.41 −0.32

OU11—Complicated registration process in the system 2.37 2.00 1.00 5.00 1.19 0.43 −0.71

OU12—Too few scooters 2.61 3.00 1.00 5.00 1.16 0.34 −0.68

OU13—Insufficient battery capacity (scooter range) 2.66 3.00 1.00 5.00 1.27 0.32 −0.81
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Taking OU1, which involves improper disinfection of the fleet of scooters, the average
score infers a generally moderate level of concern on the part of users with regard to hygiene
practices associated with the scooters. This indicates that large numbers of users may not
view this as a major issue but, at the same time, a fair percentage express dissatisfaction—a
potential area of concern with respect to improving health standards. OU2 has an average
of 2.69, revealing that the deplorable visual condition of the fleet of scooters would reflect a
little more concern among users. This score indicates that a lot of people view the scooters
as not being aesthetically pleasing enough or properly maintained in a way that could affect
their general user experience and potentially affect their willingness to use the service.

For OU3, the mean value is 2.90. This indicates that users are more and more con-
cerned about the functionality and reliability of the scooters they rent. A mean value near
three indicates that technical issues—like damage or incomplete components—might be
a relevant barrier to user satisfaction and regular usage. For OU4, the mean score is 2.60.
This evidences that users are frustrated to a moderate level. They show that some users
are tolerant and can handle the regulation, but a good number perceive them as overly
complicated, thus avoiding this service.

For OU5, the mean is 2.95. This suggests that users are somewhat sensitive to fines,
indicating that financial consequences from their own failure to comply might be preventing
users from using the service fully. The average of OU6 is 3.00; this reflects a balanced view
among users. This score shows that some of the users accept this responsibility, while there
is great concern about the burden it imposes on the user, which might affect the overall
satisfaction with the service. OU7 has an average of 2.62, showing slight dissatisfaction
with the range of vehicles. This would insinuate that users may have felt a shortfall in their
needs being met, and this may not align well with their experience and frequency of use.
The average score of 3.25 for OU8 signifies that users are more vocal about their concerns
with pricing. This score means that expense is a determining variable in user preference
and satisfaction; therefore, rental rates should be re-determined with the aim of improving
user take-up and retention.

From a user experience perspective, OU9 and OU10 deal with issues relating to the
challenges in making use of the application and insufficient information given to users,
which have means of 2.39 and 2.44, respectively. These scores show that the application
interface and the available information might be confusing for users and may hamper the
effective usage of the service. The mean of OU11 was 2.37. This indicates that users felt
that the problems in signing up were relatively consistent and again reinforces the idea of
ease of simplification of the sign-up process as potentially increasing user engagement.

OU12, with an average of 2.61, expresses a moderate level of concern about the
availability of scooters; this would tend to indicate that, for the users, the scooters are
often unavailable, and this unavailability might provoke frustration and therefore limit,
in general, the use of the service. The capacity of the battery is also felt to be insufficient,
as was expressed in OU13, with a mean of 2.66. This reflects a high degree of concern on
the part of users about the range and reliability of the scooters. Therefore, improving the
performance of the batteries could go a long way in ensuring user satisfaction and user
engagement with the scooter-sharing systems.

The median scores of the various barriers faced by the users of scooter-sharing systems
provide important insight into the sentiment of users. Median values indicate the midpoint
of the data and mean that at least half of the respondents have rated their experiences
and concerns at this rating or below. As an example, the median value for the insufficient
disinfection of the scooter fleet is 2.00; thus, users considered this as a high level of concern
that may even affect their willingness to use the service. Likewise, the median for the visual
condition of the scooters is 3.00 (OU2). This number illustrates that the fleet has generally
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been acceptable in terms of aesthetic appeal by its users but leaves something to be desired.
This middle value brings about a division in user experiences where some may be more
critical, and others find the conditions satisfactory.

Further, the median scores for various other variables exhibit interesting trends. For
example, the median for technical condition is OU3 3.00, indicating that users have a mixed
perception of scooter reliability, though a sufficiently large enough proportion finds it
adequate. The median scores of rental costs and responsibilities placed on users are at or
above 3.00; these are areas of greater concern, as many users expressed dissatisfaction. This
is especially important because it shows that the cost-related and user responsibility issues
are rated more negatively, which may affect the overall user experience with the use of
scooter-sharing systems. Median values are a good indicator and show that improvements
in these concerns are imperative for a better user experience and satisfaction.

The standard deviation values of the different barriers to scooter-sharing systems
bear important information on the dispersion of user perceptions with respect to these
issues. A low standard deviation reflects responses clustered around the mean, indicating a
convergence of users’ experiences. For example, OU1 has a standard deviation of 1.34 and
reflects a relatively wide spread of opinion about insufficient disinfection, which means that
though some users are seriously concerned, others may see this as no issue at all. In contrast,
OU8 has a standard deviation of 1.31, indicating that perceptions of affordability vary quite
strongly among users. This means that while some users find the costs to be reasonable,
others can also be burdened by them, showing a likely division in user demographics or
expectations. In summary, the calculation of standard deviation completes the mean and
median in providing insights into the emotions of users about barriers through detailed
information, not only about what users think but also how strongly they feel about these
obstacles.

The values of the obstacles identified in scooter-sharing systems are useful for under-
standing the nature of the distribution of user perceptions with respect to these issues. A
value close to zero means symmetric distribution of the variable analyzed, while positive
or negative skewness shows asymmetry in the opinions of users. The skewness of OU8,
for example, concerning the rental cost, is −0.15, reflecting a left-oriented skew, showing
that most of the users will find the costs acceptable or lower than the average, and few
people will rate the costs as too high. On the other side, OU1 is positively skewed at 0.55;
this means there was a tendency for more users to rate their concerns higher in this re-
gard, thereby being critical in reflections of hygiene standards. This asymmetry in the
distribution might indicate that while there were some people who were quite insensitive
about disinfection, for the majority, it would be a big issue that will impact general user
engagement. Knowledge of the skewness of these variables helps us not only to identify the
average concerns but also the overall sentiment and the direction, hence giving a detailed
view of the user experiences within the scooter-sharing framework.

Values of kurtosis for the obstacles faced by users of scooter-sharing systems will give
information on the heaviness of the tail and the peakedness of the distribution, reflecting
the intensity of user sentiments regarding each issue. A kurtosis value of greater than three
determines that the distribution has heavy tails with a sharper peak. It expresses that the
responses of users are more concentrated towards the mean value, but with significant
values of extremities on both sides. For example, OU8’s kurtosis is equal to −1.06, denoting
a pretty flat distribution with lighter tails; in other words, there are fewer extreme user
perceptions of the costs, but their variety can denote a wider range of experiences with
fewer strong opinions at the extremes. As for OU6, the kurtosis is −0.89, denoting a
distribution without extreme responses. This flatter pattern of distribution would suggest
that the sentiment across users is more moderate, with most submitting similar concerns
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rather than polarized opinions. Generally speaking, kurtosis analysis in combination
with other measures of statistics reveals but does not confine central tendencies of user
perceptions, including the variability and hidden intensity of these sentiments in the context
of scooter-sharing systems.

Factor analysis was performed to group the factors into variables. Normalized Varimax
rotation is applied further on. The Kaiser–Meyer–Olkin test result of the adequacy of the
correlation matrix is 0.79 and justifies the application of factor analysis in the analyzed
case. The Kaiser criterion suggests the retaining of four factors with eigenvalues greater
than 1. Cattell’s scree plot criterion suggests the retaining of four factors (Figure 4). The
results of the factor analysis on obstacles to the use of scooters from scooter-sharing
systems as perceived by the functioning of scooter-sharing systems fall into four different
factors, which together explain 73% of the variance in the data. Each factor represents
one single dimension of obstacles to scooter-sharing service utilization, as confirmed by
the factor loadings in Table 4. Using normalized Varimax rotation, factors that provide
maximum variance explained by each single factor have been extracted while maintaining
orthogonality, which means that the factors would still be uncorrelated.

Figure 4. Cattel’s scree plot of Obstacles to Utilization.

Factor 1: user experience and accessibility (Figure 5): The first factor obtained from
the analysis pertains to user experience and accessibility, which plays a very vital role
in determining the overall satisfaction of the users with respect to the scooter rental ser-
vice (Figure 2). Highly loaded variables for difficulties in using the application (0.872),
insufficient information available in the application (0.800), and a complicated registra-
tion process (0.867) indicate significant barriers that users have. Also in this factor is the
variable connected with inappropriate types of vehicles (0.507). Challenges like these can
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lead to frustration and, therefore, may discourage people from using the service. To offer
convenience, it is essential that the interface of the application be less complicated and
user-friendly for a service provider. Another possibility of improving user experience
involves explaining the process of renting in detail so that the users are not confused by
that process (OU4). This will increase their confidence in using the scooters more often.

Table 4. The loadings of factors—Obstacles to Utilization.

Variables Factor 1 Factor 2 Factor 3 Factor 4

OU1—Insufficient disinfection of the scooter fleet 0.111 0.776 0.082 0.105

OU2—Poor visual condition of the scooter fleet 0.193 0.862 0.130 0.072

OU3—Poor technical condition of the scooter fleet
(damaged, incomplete) 0.139 0.806 0.194 0.158

OU4—Overly complicated rental regulations 0.688 0.214 0.397 0.182

OU5—Excessive penalties for regulatory violations 0.215 0.261 0.832 0.019

OU6—Too much responsibility placed on the user 0.240 0.195 0.808 0.134

OU7—Inappropriate types of vehicles 0.507 0.434 0.258 0.246

OU8—Rental costs 0.142 0.020 0.733 0.183

OU9—Difficulties in using the application 0.872 0.047 0.140 0.172

OU10—Insufficient information available in
the application 0.800 0.281 0.219 0.089

OU11—Complicated registration process in the system 0.867 0.106 0.114 0.138

OU12—Too few scooters 0.280 0.092 0.068 0.819

OU13—Insufficient battery capacity (scooter range) 0.121 0.229 0.240 0.806

Explained value 0.111 0.776 0.082 0.105

Figure 5. Identified factors of Obstacles to Utilization.

Factor 2: fleet condition and maintenance: The second factor denotes the condition
and maintenance of the scooter fleet; therefore, it reflects how much operational reliability
and hygiene are taken care of. Among such variables, the poor visual condition of the
scooter fleet has obtained a relevance of 0.862, that of poor technical condition is 0.806,
and that of insufficient disinfection is 0.776—all highlighting great concern. Unsightly
and unsafe fleets will only serve to erode user trust, and if proper hygiene is not pursued,
the danger to public health can be significantly heightened with the challenges of global
health faced in recent years. Therefore, routine maintenance checks should be enacted by a
service provider, and scooters should be cleaned and disinfected as frequently as possible.
Prioritizing fleet condition and hygiene is, therefore, relevant to stimulating high levels of
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user trust and satisfaction among clients—a situation highly desired when trying to nurture
a dependable customer base.

Factor 3: user accountability and costs: The third factor refers to a user’s accountability
and the costs for using the scooter rental service. High loadings on excessive penalties
for regulatory violations (0.832), too much responsibility placed on the user (0.808), and
concerns regarding rental costs (0.733) point out the feelings of overwhelm that users
go through because of the financial and regulatory features of the service. Hence, such
perceptions also make a dent in the form of apprehensions amongst users, and they may
not like hiring scooters. The operator, for its part, needs to re-evaluate its fine systems to
ensure that they are nondiscriminatory and well publicized. The user guidelines should
also be simple to understand so that the responsibilities would also be well defined, and
competitive pricing strategies may overall render the services more appealing. With
reduced perceived burden, the provider is in a better position to facilitate a superior user
experience, which in turn would encourage more utilization of the service.

Factor 4: availability and range limitations: The last factor identified in the analysis
involves availability and range limitations, which again are core aspects for the practicality
of scooter rentals. The presence of too few scooters (0.819) and the limited battery capacity
(0.806) have been highlighted as issues that cause significant difficulties for users. A
too-small number of scooters may readily cause availability problems during times of
high demand. However, scooters with poor battery life make the distances that users can
travel very small, thus limiting the attractiveness of the rental service. In this regard, the
service provider needs to find ways of expanding the fleet and improving the batteries.
Greater availability of scooters and better battery performance are the keys to significantly
improved user satisfaction and a service that can be viable for a wider range of travel needs.

Table 5 presents the mean and standard deviation values for the identified factors
in this study. The data provide insight into the average perceived importance of various
obstacles related to scooter-sharing services, as well as the variability in users’ responses.

Table 5. The average value of identified factors.

Factor Mean Standard Deviation

Infrastructure and safety concerns 2.12 1.59

Personal usage barriers 2.19 1.71

User experience and accessibility 1.68 1.40

Fleet condition and maintenance 1.84 1.51

User accountability and costs 2.09 1.67

Availability and range limitation 1.79 1.51

The mean for the factor “infrastructure and safety concerns” is 2.12, indicating that
users consider this a moderate barrier in using the shared-scooter service. A high standard
deviation of 1.59 would thus reflect that there is considerable variation in user perceptions
about safety and infrastructure associated with the scooters, hence implying different
opinions on the adequacy of infrastructure and safety measures. The second most important
factor, “personal usage barriers”, has an average score of 2.19, also indicating a similar
level of concern. It has a large standard deviation of 1.71, which indicates that the degree
in the responses of users was very divergent with regard to personal experiences or their
perceptions of the challenges they themselves have to face in dealing with the service,
understanding regulations, and in the responsibilities put on them.

The factor with the lowest mean score of 1.68 is “user experience and accessibility”,
showing that user interface and accessibility-related issues are considered less of a barrier



Smart Cities 2025, 8, 16 26 of 41

compared to other factors by the users. For this factor, the standard deviation is 1.40,
indicating a moderate variability in users’ perceptions. Thus, the relatively low mean
suggests that such concerns are there but less meaningful compared to either infrastructure
or personal barriers of use. The factor “fleet condition and maintenance” is highly ranked at
1.84. This type of scooter condition criterion is of minor importance if taken in comparison
with other ones for users. It follows that the dispersion in users’ experience of fleet
condition, with a standard deviation of 1.51, is highly disparate; this might reflect instances
when fleet maintenance becomes especially problematic. The mean of “user accountability
and costs” equals 2.09, reflecting that problems of penalties, responsibility, and rental costs
are regarded as rather considerable barriers. On the other hand, it is contrasted by the fact
that the standard deviation is 1.67 points, which would mean that there are quite wide
variations in users’ perception. However, there are respondents in the sample that rate this
factor as a minor discouraging factor—meaning that others must have held a less strict
or even positive view of the responsibilities and costs involved in using the scooters. The
mean score given to the factor “availability and range limitations” was 1.79. it involves
problems of scooter and battery availability, ranked low compared to other barriers. The
standard deviation of 1.51 illustrates a moderate dispersal of opinions, assuming that as
much as the availability and battery issues were great and serious for many respondents,
there might be those for whom such concerns are not fundamental.

Table 6 presents the Spearman correlation coefficients between factors of obstacles to
using scooter-sharing systems. Such a relation may indicate strength and direction whereby
the factors may be close to one another.

Table 6. Spearman correlation between factors.

Factor
Infrastructure

and Safety
Concerns

Personal Usage
Barriers

User Experience
and Accessibility

Fleet Condition
and Maintenance

User
Accountability

and Costs

Availability and
Range Limitation

Infrastructure
and safety
concerns

- 0.85 0.76 0.83 0.79 0.75

Personal usage
barriers 0.85 - 0.73 0.76 0.74 0.73

User experience
and accessibility 0.76 0.73 - 0.81 0.84 0.83

Fleet condition
and maintenance 0.83 0.76 0.81 - 0.79 0.78

User
accountability

and costs
0.79 0.74 0.84 0.79 - 0.80

Availability and
range limitation 0.75 0.73 0.83 0.78 0.80 -

The “infrastructure and safety concerns” factor correlates with the other factors highly,
ranging from 0.75 to 0.85. The concerns about infrastructure and safety will thus be strongly
related to personal usage barriers, user experience, fleet condition, and user accountability.
These findings also indicate that users who report issues in infrastructure and safety
will also have associated challenges in other areas of the scooter-sharing experience. For
example, problems with infrastructure may relate both to user concerns about the technical
condition and hygiene of the fleet, as well as to regulatory aspects of the service. The
“personal usage barriers” factor also correlates very highly with all other factors; these
range between 0.73 and 0.85, suggesting that personal challenges faced by users tend to
inter-relate with the perceptions of service infrastructure, accessibilities, the condition of
the fleet, and accountability. A user having problems in accessing the service or fulfilling
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its requirements will probably find other issues such as technical problems of the fleet or
dissatisfaction with pricing or penalties.

“User experience and accessibility” strongly correlates with all other factors, especially
“user accountability and costs” at 0.84 and “availability and range limitation” at 0.83. These
high correlations indicate the great importance of user interface, accessibility, and perceived
user responsibility for the general impression of the scooter-sharing experience. Moreover,
people who struggle with navigating this service easily might find themselves being
even more inclined towards dissatisfaction for reasons such as cost, fine structures, and
availability of devices. The factor of “fleet condition and maintenance” shows extremely
positive associations; among them, the high ones are, especially, “user experience and
accessibility” at 0.81 and “infrastructure and safety concerns” at 0.83. This would suggest
that the users that are concerned about the condition and maintenance of the fleet also tend
to have issues with accessibility or safety. A poorly maintained fleet not only affects the
visual appeal of the scooters but may also affect the overall user experience.

“User accountability and costs” presents very high positive values when correlated
with “user experience and accessibility” (0.84) and “availability and range limitation”
(0.80). This would mean that the responsibility placed onto the users and cost-related
concerns are directly related to questions of the applicability of an application and service
availability in general. The factors will eventually affect the attitude of the users toward
service involvement. “Availability and range limitation” strongly correlates with “user
experience and accessibility” at 0.83 and “user accountability and costs” at 0.80. This means
that the limited availability of scooters and their range affect users’ experiences so much
that they influence their view of service accessibility and costs related to using the scooters.

4.3. The Relations Between Obstacles to Scooter-Sharing and Metric Variables

Table 7 presents the results of the analyzed variables by gender of respondent. In this
research, 82 women (52%) and 111 men (58%) participated. The Mann–Whitney U test was
conducted to analyze differences between groups. This statistical test is especially fit for
analyzing differences between independent groups when data are not necessarily normally
distributed, and it has proven robust in this analysis. Table 5 records the p-values, bolding
those variables for which there is a statistically significant difference at the α = 0.05 level.

The analysis reveals notable gender- and age-related differences in perceptions of
barriers to scooter-sharing, as detailed in Tables 7 and 8. Women expressed significantly
greater concern regarding pedestrian interference on bike paths (OM6), with an average
score of 4.05 compared to 3.34 for men (p = 0.002). This disparity suggests heightened
safety and comfort concerns among female users, emphasizing the need for urban planning
measures such as better pedestrian management and bike path design to enhance inclusivity.
Similarly, women rated poor signage (OM7) higher than men, at 3.21 versus 2.71 (p = 0.031),
indicating navigational challenges that could be addressed through clearer wayfinding
features and urban signage improvements.

Table 7 also highlights that women’s overall safety concerns (OM8) influence their
attitudes toward scooter use more than men’s, with a mean score of 3.42 compared to
2.94 (p = 0.028). This finding points to the necessity of implementing safety-focused
measures such as enhanced lighting, increased surveillance, and awareness campaigns
to mitigate apprehensions and foster greater female participation. Hygiene concerns
(OU1) were also more pronounced among women, who rated inadequate fleet disinfection
significantly higher at 2.74 compared to 2.11 for men (p = 0.005). This underscores the
importance of hygiene protocols in building trust and attracting female users, particularly
in light of heightened public health awareness post-COVID-19. Table 8 provides insights
into age-based differences in perceived barriers. Younger users (18–24 years, 79% of
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the sample) reported distinct challenges compared to older groups (25–34 years, 12%;
36–55 years, 9%). These differences suggest that younger users may prioritize accessibility
and affordability, while older users could be more influenced by safety and operational
reliability. Such demographic variations highlight the need for tailored approaches to
address the unique mobility requirements of different age groups. While some barriers,
such as poor bike path conditions, weather constraints, and operational issues, were rated
similarly across genders and age groups, the identified variations emphasize the importance
of targeted interventions. Incorporating gender-sensitive and age-specific strategies into
urban planning and scooter-sharing operations can create more inclusive and accessible
mobility solutions. By addressing the barriers outlined in Tables 7 and 8, policymakers
and service providers can improve user satisfaction and encourage broader adoption of
scooter-sharing systems.

Table 7. The obstacles to using scooter-sharing in sex division.

Variables Women
(N = 83)

Men
(N = 113) p-Value

OM1—Too few bike paths available for scooters 3.34 2.94 0.096

OM2—Poor condition of bike paths for scooters 3.39 3.22 0.494

OM3—Poorly designed bike paths for scooters 3.48 3.06 0.063

OM4—Cars parked on bike paths 3.05 2.82 0.399

OM5—Litter on bike paths 2.95 2.79 0.452

OM6—Pedestrians on bike paths 4.05 3.34 0.002

OM7—Poor signage on bike paths 3.21 2.71 0.031

OM8—Safety concerns 3.42 2.94 0.028

OM9—Health condition does not allow for scooter use 2.33 2.32 0.994

OM10—Weather does not allow for scooter use 3.36 3.18 0.414

OM11—Car traffic 3.20 2.99 0.351

OU1—Insufficient disinfection of the scooter fleet 2.74 2.11 0.005

OU2—Poor visual condition of the scooter fleet 2.69 2.70 0.969

OU3—Poor technical condition of the scooter fleet
(damaged, incomplete) 2.86 2.96 0.607

OU4—Overly complicated rental regulations 2.76 2.46 0.177

OU5—Excessive penalties for regulatory violations 3.10 2.84 0.197

OU6—Too much responsibility placed on the user 3.05 2.97 0.911

OU7—Inappropriate types of vehicles 2.73 2.52 0.296

OU8—Rental costs 3.27 3.26 0.980

OU9—Difficulties in using the application 2.51 2.29 0.289

OU10—Insufficient information available in the
application 2.57 2.33 0.270

OU11—Complicated registration process in the system 2.44 2.30 0.582

OU12—Too few scooters 2.68 2.55 0.376

OU13—Insufficient battery capacity (scooter range) 2.86 2.49 0.114
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Table 8. The obstacles to using scooter-sharing in age division.

Variables
18–24
Years

(N = 154)

25–34 Years
(N = 24)

36–55
Years

(N = 18)

OM1—Too few bike paths available for scooters 3.17 2.87 2.70

OM2—Poor condition of bike paths for scooters 3.33 3.14 2.88

OM3—Poorly designed bike paths for scooters 3.29 3.14 2.71

OM4—Cars parked on bike paths 2.94 2.93 2.43

OM5—Litter on bike paths 2.88 2.71 2.71

OM6—Pedestrians on bike paths 3.72 3.29 3.29

OM7—Poor signage on bike paths 2.97 2.93 2.14

OM8—Safety concerns 3.18 3.00 3.00

OM9—Health condition does not allow for scooter use 2.34 2.57 1.43

OM10—Weather does not allow for scooter use 3.30 3.71 1.43

OM11—Car traffic 3.05 3.38 2.86

OU1—Insufficient disinfection of the scooter fleet 2.38 2.36 2.88

OU2—Poor visual condition of the scooter fleet 2.72 2.46 2.57

OU3—Poor technical condition of the scooter fleet (damaged,
incomplete) 2.91 2.77 3.00

OU4—Overly complicated rental regulations 2.60 2.54 2.71

OU5—Excessive penalties for regulatory violations 2.96 2.92 2.86

OU6—Too much responsibility placed on the user 3.04 2.69 2.86

OU7—Inappropriate types of vehicles 2.61 2.62 2.71

OU8—Rental costs 3.28 3.00 3.29

OU9—Difficulties in using the application 2.35 2.58 2.86

OU10—Insufficient information available in the application 2.40 2.69 2.71

OU11—Complicated registration process in the system 2.34 2.54 2.57

OU12—Too few scooters 2.60 2.77 2.43

OU13—Insufficient battery capacity (scooter range) 2.67 2.77 2.29

Data indicate that the youngest age group, between 18 and 24 years old, perceived
a number of significant barriers to shared scooter services. OM8, which relates to safety
concerns, had a mean score of 3.18; though not the highest among all obstacles, it is notably
high within this group. The big issue with safety is a concern for younger users, who
may be more vulnerable to accidents, especially in urban environments where traffic and
other hazards are rampant. This means there is a need for more safety measures, ranging
from better infrastructure to better signage, and perhaps enhancements in scooter design
for a safer experience. While safety is universal, the larger amount of attention paid to
it by younger users demonstrates strong desires for secure and reliable mobility options.
Weather conditions, OM10, were also among major obstacles for younger respondents.
This was because its mean score stood at 3.30. Weather can greatly affect the usability of
scooters, and the younger, perhaps more prolific, users of the service are also those most
likely to encounter and be deterred by inclement weather. While this problem is underlined,
it can also be a signal that the offering of the scooters needs to adapt to seasonal or even
weather conditions, such as being better protected in bad weather or maintaining their
operability during periods of poor weather. This may be much more relevant for younger
users, who depend more on these options for urban mobility, with a view to increasing
their satisfaction and regularity of use of scooter-sharing services. The mean score for
car traffic (OM11) was also relatively high at 3.05, indicating that the obstacle is of major
concern, especially for young users. Possible additional elements are irritation and dangers



Smart Cities 2025, 8, 16 30 of 41

related to navigation when there is heavy car traffic. The fact that this barrier received
such a high ranking underlines that an improved flow of traffic and more suitable routes
would promote safe and secure scooter travel. In the meantime, against car traffic, there is a
counter-argument based on creating either a scooter lane or trying not to jam the traffic, as
most of the risks of riding a scooter within the intense traffic in cities are likely to decrease.

OU6 received the highest mean in this category of Obstacles to Utilization at 3.04.
This would mean that operational demands to navigate the application, cope with the
penalties, or manage the rent might be too much for younger ages. The complications in
renting or responsibilities that come with it might deter potential users. Simplification of
the user interface, reduction in penalties, and clear guidelines on usage might make the
service more appealing to and more usable by this age group, raising overall satisfaction
and engagement.

The mean scores given by the middle age cohort are 3.14 and 3.14 for OM2 and OM3,
respectively. This reveals that they are fairly unhappy with the physical environment
provided for scooter use. These scores are somewhat below the values for the youngest
cohort; they still reflect major concerns about the provision of bike paths for safe and
comfortable travel. Poor conditions of the paths’ surface, uneven pavements, cracks, and
a lack of lane markings can leave this group unable to use scooters continuously because
of perceived safety risks and usability issues. For example, insufficient width, abrupt
terminations, and unclear layout make navigation laborious; hence, this fact contributes to
a low interest in scooter-sharing services. Another major barrier identified in this group is
OM6, which had an average rating of 3.29. This concern underlines the problems of shared
spaces in which there is conflict between pedestrians and scooter users. Pedestrians on bike
paths may cause sudden stops, reduced traveling speed, and increased risk of collision—all
factors influencing riders’ feelings of insecurity. The issue also underlines the need for
better segregation of the bicycle lane and pedestrian areas in order to enable smooth and
safe movement of all users.

Safety concerns that further connected OM8 received a very high rating from this
cohort, averaging 3.00, showing the perceived risks associated with the use of scooters.
These risks may be associated with interactions with motorized traffic, poorly maintained
paths, and conflicts with pedestrians, as identified earlier. This can include working
professionals who use the service or people for whom it would serve the purpose of
commuting day in and day out. For such users, there is little time and great need to be sure
of reaching one’s destination. Safety concerns, therefore, may assume more significance;
safety features include improved lane demarcation, better lighting, and traffic calming
in zones with mixed traffic. Financial barriers are also salient among this age bracket,
as portrayed by the average score of 3.00 that OU8 expressed. Cost considerations can
be very high for this age bracket since it is likely to represent people who must balance
housing costs, transportation expenses, and various family-related obligations. High rents
may be a perceived constraint, especially if the service is consumed frequently or along
a daily journey-to-work trip. That said, this might have been improved by offering more
competitive pricing models, subscription plans, or even discounts for frequent users.

In the oldest cohort, the three highest-rated obstacles to using scooter-sharing services
(36–55 years) highlight key concerns related to OM6, OM8, and OU8. Such a finding may
mean that older users are very sensitive to issues affecting safety, usability, and affordability
and might be decisive in their acceptance of scooter-sharing services. OM6 had a mean
score of 3.29. This is in contrast to the score in the youngest cohort, 18–24 years, whereby it
attained the highest rank as an obstacle with a mean score of 3.72. A score of 3.29 with a
ranking position lower in this age group still indicates that pedestrians on bike paths are
one of the high-ranking barriers to scooter use among the older cohort. For the older age
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class, the incidence of pedestrians within bike paths challenges the safe and comfortable
use of scooters—for instance, through the possibility of accidents or having to navigate
around a usual route and hence disrupting their travel flow. For the older age class, a more
cautious person, or one who can be considered as having a greater risk aversion factor,
will show greater awareness of possible perils to themself from the environment. Another
related concern could be the appearance of pedestrians within bike paths. What the older
user values is clear, unobstructed paths for a safer and more predictable experience when
using scooters.

The next most important barrier is OM8, with an average score of 3.00. This reflects
a general concern about safety when using scooters: interaction with traffic, quality of
infrastructure, and accidents. Older people may feel more vulnerable to injury and thus be
more sensitive to issues related to safety. This individual barrier might thus be overcome
not only through physical improvements in bike path design and traffic control but also
through educational campaigns promoting safe riding behavior and increasing awareness
for both scooter users and other road participants. The second most formidable barrier
to the oldest age group is OU8, rated at 3.29, joining OM6 as the highest-rated barrier.
This puts a financial emphasis on the decisions for or against the adoption of scooter-
sharing services. The cost may be more difficult to justify in light of perceived risks and
practical limitations, particularly for older users who actually would use their scooters in
a more subsidiary or recreative manner and less for transportation. More flexible, more
affordable pricing models, such as pay-as-you-go plans, senior discounts, or group pricing
models, may be easier to swallow for this demographic. The results stress the necessity
of earmarked strategies against the specific concerns of different age groups. Younger
users appear to be influenced more by the direct quality of bike paths and require better
infrastructure. Middle-aged users are more concerned about external disturbances such
as traffic and weather; hence, added protection or information concerning safe usage in
adverse conditions may benefit their scooter use more. The health considerations, good
weather, and ease of use of the app and scooter functionality for the oldest group appear to
indicate preferences for simplicity and reliability. An age-specific approach like this could
contribute to more inclusive and adaptable scooter-sharing systems, offering better services
to a variety of users in the urban landscape.

Table 9 shows obstacles to scooter-sharing usage according to the size of the population
in the place of residence of the respondent. The above split shows that citizens from smaller
towns (less than 50,000 residents)/medium-sized cities (up to 500,000 citizens) experience
obstacles differently than citizens of large urban centers.

OM1 concerned respondents most in cities with more than 500,000 residents at an
average of 3.80. This is significantly higher compared to those from smaller towns and
cities, which means that demands for infrastructure where people use scooters are very
high in large cities. This would suggest not only more scooter riders but also a more
complete urban setting in which the competition for specific lanes and paths is highly acute.
By comparison, infrastructure concerns are extant but not quite as clearly demarcated in
towns of less than 50,000 inhabitants, presumably because of lower densities of traffic and
fewer competitive users.

OM2 and OM3 also become important barriers but with nuanced variations across
city sizes. Surprisingly, those most concerned about the poor condition and poor design of
bike paths are residents of smaller towns—3.60 and 3.70, correspondingly—which would
mean that while large cities might struggle with quantity, smaller towns face problems of
quality and suitability in the existing paths. Mid-sized cities, which are those with 50,001 to
100,000 residents, also show a high level of concern for the infrastructure challenges; hence,
there is generally a need for improvement in the quality of bike paths in less populated areas.
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Table 9. The obstacles to using scooter-sharing in place of living (city size) division.

Variables
Under 50,000

Citizens
(N = 41)

50,001–100,000
Citizens
(N = 45)

100,001–500,000
Citizens
(N = 105)

Above 500,000
Citizens
(N = 5)

OM1—Too few bike paths
available for scooters 3.26 3.23 3.09 3.80

OM2—Poor condition of bike
paths for scooters 3.60 3.24 3.26 3.00

OM3—Poorly designed bike paths
for scooters 3.70 3.38 3.15 3.50

OM4—Cars parked on bike paths 2.90 2.90 2.79 3.50

OM5—Litter on bike paths 2.85 3.19 2.68 3.25

OM6—Pedestrians on bike paths 3.85 4.05 3.53 4.00

OM7—Poor signage on bike paths 3.14 3.29 2.86 2.75

OM8—Safety concerns 3.05 3.67 3.17 3.25

OM9—Health condition does not
allow for scooter use 2.55 2.24 2.32 2.75

OM10—Weather does not allow
for scooter use 3.20 3.14 3.33 3.50

OM11—Car traffic 3.10 3.60 3.03 3.25

OU1—Insufficient disinfection of
the scooter fleet 2.45 2.64 2.34 2.60

OU2—Poor visual condition of the
scooter fleet 2.55 2.81 2.70 2.75

OU3—Poor technical condition of
the scooter fleet (damaged,
incomplete)

3.10 2.95 2.92 2.75

OU4—Overly complicated rental
regulations 2.65 2.67 2.52 2.50

OU5—Excessive penalties for
regulatory violations 3.10 3.00 3.00 2.25

OU6—Too much responsibility
placed on the user 2.95 3.19 3.00 2.75

OU7—Inappropriate types of
vehicles 2.75 2.81 2.51 2.50

OU8—Rental costs 3.35 3.33 3.22 3.00

OU9—Difficulties in using the
application 2.65 2.71 2.24 2.00

OU10—Insufficient information
available in the application 2.65 2.48 2.48 2.25

OU11—Complicated registration
process in the system 2.70 2.71 2.14 2.00

OU12—Too few scooters 2.50 2.48 2.63 2.00

OU13—Insufficient battery
capacity (scooter range) 2.30 2.81 2.65 3.00
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Among the issues that are faced most by almost all city sizes is OM6. Residents
of mid-sized cities, with 50,001 to 100,000 citizens, rate this obstacle the highest at 4.05,
meaning that in such urban cities, congestion on paths shared with pedestrians is a very
critical issue. These results suggest that in cities where infrastructure expansion may lag,
the conflict between pedestrians and users of scooters is high, calling for better-separated
pathways or more awareness efforts in alleviating crowding.

Looking at some of the operational obstacles, some may be discerned. Smaller cities
give an average of 3.10 in the case of OU3 compared to the larger cities, whose respondents
claim preoccupation with the technical condition of scooters at 2.75. This may point to a
difference in service quality or maintenance standards outside the major urban centers.
OU8 was another concern named across the board for all city sizes, with larger cities
showing somewhat less concern at a mean of 3.00 compared to smaller cities at 3.35. This
may be indicative of the high cost of living in large cities where scooter rental can be
considered an option with relatively moderate expenses compared to other options.

Again, it is clear from the mean value of 2.00 for OU9 and OU11 that the technology-
related barriers reported for larger cities are considerably lower compared to smaller towns,
probably indicating that residents in major urban centers are more accustomed to digital
interactions or that the functionality of apps is optimized for these regions. Smaller-town
residents are more concerned with these technological aspects, which could indicate that
in these areas, increased support, education, or simplification of apps would result in an
improved user experience and higher adoption rates.

OM9, for example, is rated with a mean of 2.75 for residents of the largest cities,
while OM10-related constraints are rated with a mean of 3.50. This might reflect both
challenges due to urban air quality and more pronounced seasonal variations in larger
cities. Consequently, in major cities, external factors can have a greater impact on the desire
to use scooter-sharing—which then may be less appealing in adverse weather.

Furthermore, the analysis shows that city size is one of the main factors influencing
the profile of perceived barriers to scooter-sharing. Large cities are truly in greater need of
more bike paths, while smaller cities seem to be more concerned about the maintenance and
design of such paths. Application usability and other more technological and operation-
related challenges, such as the maintenance of scooters, also seem to be more problematic in
small towns. This may provide further hints that tailored scooter-sharing service strategies—
considering the size of a city—may bring better user satisfaction and more effectively deal
with most locally relevant barriers, supporting its wider adoption in diverse urban contexts.

4.4. The Multidimensional Model of Relationships Between Scooter-Sharing Obstacles and the
Physical Health of Users

In the next step of the analysis, a multiple regression analysis was performed on the
variables at hand. Of course, the models should include variables that are highly corre-
lated with the dependent variable while maintaining low or negligible correlation among
the independent variables themselves. To attain these regression models, the backward
stepwise multiple regression method was applied. These models allow investigation of the
dependence of one dependent variable on several independent variables (explanatory). In
multiple regression analysis, a prediction of the dependent variable is possible by making
use of information provided by the independent variables.

The following table outlines those variables that achieved a significance level of
α = 0.01, while those cells that are blank were not part of the model. Also included in
Table 10 is the constant or intercept of the regression equation along with the R value,
which is indicative of the excellence of fit of the model to the empirical data. It also includes
R2, adjusted R2, and the standard error of estimation concerning the variable at issue.
Table 8 shows the output of multiple regression analysis regarding the relation of barriers
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to scooter-sharing—named as OM1-OM11 and OU1-OU13—to the physical health of users,
named as V1-V2.

Table 10. The multidimensional model of relationships between scooter-sharing obstacles and
physical health of users.

Obstacles
Variables

V1—Assessment of
Health Status

V2—Evaluation of the Level
of Physical Activity

OM1—Too few bike paths available for scooters

OM2—Poor condition of bike paths for scooters

OM3—Poorly designed bike paths for scooters

OM4—Cars parked on bike paths 0.326

OM5—Litter on bike paths −0.229

OM6—Pedestrians on bike paths

OM7—Poor signage on bike paths

OM8—Safety concerns

OM9—Health condition does not allow for scooter use 0.185

OM10—Weather does not allow for scooter use

OM11—Car traffic

OU1—Insufficient disinfection of the scooter fleet

OU2—Poor visual condition of the scooter fleet

OU3—Poor technical condition of the scooter fleet
(damaged, incomplete)

OU4—Overly complicated rental regulations

OU5—Excessive penalties for regulatory violations

OU6—Too much responsibility placed on the user 0.295

OU7—Inappropriate types of vehicles −0.27

OU8—Rental costs −0.229

OU9—Difficulties in using the application

OU10—Insufficient information available in the
application

OU11—Complicated registration process in the system

OU12—Too few scooters

OU13—Insufficient battery capacity (scooter range) −0.193

Intercept 4.63 4.862

R 0.429 0.385

R2 0.184 0.148

Adjusted R2 0.156 0.061

Standard error of estimation 0.9439 0.858

The multiple regression analysis reveals key barriers to scooter-sharing adoption and
their impact on users’ physical health, offering potential intervention points to improve
both systems and public health. By examining relationships between obstacles (OM1–
OM11 and OU1–OU13) and health indicators (V1—health status assessment; V2—physical
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activity evaluation), this study highlights critical factors affecting scooter usage in urban
contexts, particularly for active transportation and sustainable mobility.

The results, summarized in Table 10, identify significant associations between barriers
and physical health outcomes. OM4 (cars parked on bike paths) shows a positive correlation
(0.326) with health status (V1), suggesting that obstructed bike paths diminish accessibility,
discouraging scooter use and reducing physical activity. Similarly, OM5 (litter on bike
paths) negatively correlates with health status (−0.229), indicating that poor environmental
conditions deter users. OM9 (health conditions preventing scooter use), with a correlation
of 0.185, highlights how pre-existing health issues reduce scooter adoption, exacerbating
disparities in access to active transportation.

Operational challenges also contribute significantly. OU6 (excessive responsibility on
users) shows a positive correlation (0.295) with physical activity (V2), indicating that oper-
ational burdens discourage engagement with scooter-sharing systems. OU7 (inadequate
vehicle types) negatively correlates (−0.27) with physical activity, reflecting the importance
of vehicle suitability in promoting usage. Economic barriers, such as OU8 (rental costs),
demonstrate a negative correlation (−0.229) with physical activity, emphasizing affordabil-
ity as a determinant of user engagement. Similarly, OU13 (low battery capacity) correlates
negatively (−0.193) with physical activity, illustrating how technical limitations constrain
user satisfaction and willingness to engage.

The regression model reveals moderate relationships, with R-values of 0.429 and 0.385,
and explains 18.4% and 14.8% of the variance in V1 and V2, respectively. Adjusted R2

values (0.156 and 0.061) further support the model’s fit while accounting for predictors.
These findings underline the importance of addressing infrastructure and operational

barriers to enhance scooter-sharing systems. Interventions targeting path obstructions,
vehicle suitability, and economic accessibility could simultaneously improve physical
health outcomes and promote sustainable urban mobility. Future research should focus on
longitudinal studies to evaluate the long-term efficacy of proposed solutions and expand
the understanding of these dynamics in diverse urban contexts.

5. Discussion
This study investigates the critical barriers to integrating scooter-sharing systems

into smart cities, focusing on the Silesian region of Poland. Through statistical analysis,
key obstacles were identified in infrastructure, operations, and external factors, providing
insights for urban planners, policymakers, and service providers.

5.1. Infrastructural Barriers

The lack of dedicated bike paths (OM1) and poor conditions of existing paths (OM2,
OM3) significantly deter micromobility adoption, consistent with Behrend et al. [74]. Post-
industrial regions like Silesia face unique challenges due to outdated transportation systems,
unlike cities such as Amsterdam and Copenhagen, where advanced cycling infrastruc-
ture fosters high adoption rates [63,75–78]. Addressing these issues requires targeted
investments, predictive maintenance, and collaboration between public and private stake-
holders [75–78]. Additionally, obstructions like parked cars (OM4) and pedestrian interfer-
ence (OM6) further impede usability, highlighting the need for Intelligent Transportation
Systems (ITSs) and dedicated lanes [79].

5.2. Operational Challenges

Inadequate fleet maintenance (OU1, OU2, OU3) and hygiene concerns exacerbate
user dissatisfaction, particularly during health crises like COVID-19 [80,81]. Predictive
maintenance technologies and stringent hygiene protocols, supported by public–private
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partnerships, can address these issues [82]. Complex rental processes (OU4) and application
interfaces (OU9, OU10) further deter users, especially in regions with varying levels of
technological literacy. Simplified interfaces, biometric authentication, and multilingual
support can improve accessibility and broaden the user base [82,83].

Limited scooter availability (OU12) and battery inefficiency (OU13) also hinder service
reliability. IoT-enabled sensors and AI-driven fleet management can optimize operations,
while advancements in battery technology and renewable energy integration can support
sustainability goals [84–89].

5.3. External and Individual Factors

Adverse weather (OM10) and traffic conditions (OM11) deter usage, particularly in
regions like Silesia. Dynamic pricing models and weather-adaptive route suggestions can
mitigate these challenges, supported by collaborations with meteorological agencies [83].
Health-related barriers (OM9) underline the need for adaptive designs catering to users
with limited mobility, as well as public health campaigns to promote micromobility’s
benefits [83].

Safety concerns (OM8), especially among vulnerable populations, necessitate measures
like helmet mandates, speed limits, and dedicated pathways, similar to successful imple-
mentations in cities like Paris and Melbourne [90–92]. Public awareness campaigns [87]
and training programs can further improve safety and user confidence.

5.4. Comparative Insights

Comparisons with other European cities reveal best practices and opportunities for
improvement. In Copenhagen and Amsterdam, extensive bike lanes and clear signage
drive adoption [63] while Paris demonstrates the importance of strict regulations and
incentives [64,90]. Berlin’s legal frameworks ensure operational consistency, and Helsinki
and Stockholm’s dynamic pricing models and public transport integration improve access
[93–100].

Silesia’s sustainability objectives align with those in Oslo and Copenhagen [95], where re-
newable energy systems and durable fleet designs address environmental challenges [100–103].

To overcome the barriers identified, Silesia must adopt a context-sensitive, phased
approach, integrating infrastructural investments, operational innovations, and adaptive
policies. Collaborative efforts with stakeholders, pilot programs, and continuous monitor-
ing will ensure sustainable and scalable improvements. Drawing from global best practices,
tailored solutions in Silesia can position scooter-sharing as a reliable, inclusive, and sustain-
able urban mobility option, advancing smart city objectives and user satisfaction.

6. Conclusions
This study identifies key barriers to scooter-sharing adoption in the Silesian region, fo-

cusing on infrastructural and operational challenges. By analyzing user-reported obstacles,
the research highlights the significant impact of inadequate bike path availability (OM1),
poor design (OM2, OM3), and operational issues such as insufficient fleet maintenance
(OU1, OU2) and complex rental processes (OU4). The findings underscore the need for tai-
lored urban planning strategies, infrastructure investments, and operational enhancements
to improve safety and usability. These barriers are further exacerbated by external factors
like adverse weather (OM10) and traffic conditions (OM11), as well as individual health
and activity levels (OM9), which influence user engagement.

To address the challenges identified in this study, several recommendations are pro-
posed from various analytical standpoints. From an infrastructural advancement stand-
point, it is essential to expand and maintain dedicated bike paths (OM1), improve their
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design (OM2, OM3), and implement proper signage systems (OM7) to enhance safety
and usability. These measures directly address user concerns about accessibility and risk
mitigation. Moreover, investments in predictive maintenance and IoT-enabled monitoring
technologies can ensure the long-term functionality and reliability of the infrastructure.

From an operational optimization perspective, service providers must prioritize fleet
reliability through AI-driven predictive maintenance systems (OU1, OU2) to reduce service
disruptions and increase user trust. Simplifying rental processes (OU4) and incorporat-
ing multilingual interfaces can enhance accessibility across diverse demographic groups.
The integration of renewable energy-based charging solutions further aligns operational
practices with broader sustainability objectives and environmental goals.

From a user-centric engagement framework, strategies that address safety concerns
(OM8) are paramount. Public awareness campaigns focusing on safe riding practices and
helmet use can bolster user confidence and adoption. Adaptive pricing models and flexible
policies tailored to adverse weather conditions (OM10) or high-traffic scenarios (OM11)
can further incentivize participation, fostering satisfaction and loyalty among users.

From a policy and collaborative dynamics perspective, the successful implementation
of these recommendations hinges on robust partnerships among local authorities, tech-
nology developers, and urban planners. Such collaborations can facilitate funding for
pilot programs and promote the deployment of innovative, context-specific technologies.
Public–private partnerships are particularly essential for fostering scalable and sustainable
solutions, ensuring the effective integration of micromobility systems within urban mobility
ecosystems and advancing the broader objectives of smart city development.

As a preliminary study, this research is limited by the sample size of 196 respondents,
which may not fully represent the diverse demographics of the Silesian region. Furthermore,
the focus on a single post-industrial area restricts the generalizability of the findings to
other urban contexts. Future research should consider a larger, more diverse sample and
extend to other regions to validate and expand upon these findings.

Future studies should explore the longitudinal effects of infrastructure and policy
changes on user behavior. Comparative analyses with other Central and Eastern Euro-
pean cities could reveal shared challenges and best practices, enriching the discourse on
micromobility in diverse urban contexts. Additionally, integrating user-centered urban
planning strategies with insights into operational efficiency could provide a holistic frame-
work for enhancing scooter-sharing systems. These efforts will inform scalable solutions,
contributing to the broader goals of sustainable urban mobility and smart city development.

This study provides actionable insights for addressing the unique challenges faced by
scooter-sharing systems in transitional urban environments like Silesia. By implementing
the recommended strategies and continuing to build on this research, policymakers and
stakeholders can promote the effective integration of micromobility services into sustainable
urban transport systems.
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