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Abstract: Micromobility is a current and growing integrated transport mode that has its
own regulations and requirements for riding. In this context, bicycle usage has been reg-
ulated years before. However, the coexistence with new micromobility vehicles, such as
e-scooters, has generated the necessity of the development of additional regulatory frame-
works. Administrators and technicians have been working for the last 7 years on this as-
pect. However, a proper evaluation from the user perspective has not been carried out.
Thus, there is a need to identify whether micromobility users are aware of the regulations
that they must comply with. This research has analyzed the users” knowledge through a
survey, a transport-typical data collection method, but used implicitly as an evaluation,
where a score was obtained per user. As a result, the average score obtained was 4.5, re-
flecting an insufficient qualification. Additionally, statistically significant differences were
found between the average score obtained between cyclists and personal mobility vehicle
(PMV) users, as well as mean differences between age, micromobility vehicle, ownership,
and holding a driver’s license. In conclusion, a new gap has been found in relation to
micromobility users’ behavior that has to be addressed.

Keywords: micromobility regulation; user awareness; survey analysis

1. Introduction

Micromobility, which includes bicycles, e-bicycles, and personal mobility vehicles
(PMV) such as e-scooters, has emerged as a significant mode of urban transportation
worldwide [1]. It is currently a growing and integrated form of transport that operates
under its own set of regulations and usage requirements.

Historically, bicycles were the primary form of micromobility, initially used pri-
vately and later expanded through the development of shared systems. Although the first
bike-sharing system was introduced in the 1960s, its widespread adoption and growth
accelerated primarily in the late 2000s [2]. Today, many major cities around the world
have implemented public or private bike-sharing systems. In contrast, e-scooters have
only recently gained prominence, with rapid proliferation beginning in the United States
in 2018 [3], following similar trends in other countries. These vehicles have become pop-
ular through both private ownership and shared services.

However, integrating bicycles and e-scooters into urban environments to effectively
promote micromobility usage has proven complex, raising numerous regulatory and op-
erational challenges over the past seven years for policymakers, engineers, and urban
planners [2,4-8].
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To address these challenges, many countries have adopted a dual-level policy frame-
work to regulate micromobility, combining national guidelines with locally tailored poli-
cies. These regulations typically address infrastructure usage, speed limits, designated
parking, and safety requirements. This approach is common across several European
countries including France, Netherlands, Germany, Italy, Denmark, and Spain, as well as
in Canada [9-12]. In contrast, in the United Kingdom (i.e., England, Scotland, and Wales),
only nationwide regulations apply to bicycle use, and e-scooters remain prohibited [13].
In the United States, no federal-level regulations exist; instead, policies are defined at the
state and municipal levels [1].

Despite the existence of such regulatory frameworks, considerable variability persists
within and across countries, and users are often subject to multiple, overlapping rules.
This raises critical questions including the following: To what extent are micromobility
users aware of the applicable regulations? Do they comply with these regulations? How
can user knowledge and adherence to micromobility laws be ensured? Addressing these
questions require empirical investigation.

Surveys have long been a primary tool for collecting data in the transportation sector.
In micromobility research, surveys have been widely used to analyze various factors and
remain one of the most prominent sources of primary data [14]. For instance, a survey
conducted in Vienna examined the demographics of e-scooter users, their trip purposes,
and substitution effects on motorized transport [15]. A similar study in Palermo explored
user preferences regarding ownership, rental, and shared scooter services, as well as per-
ceptions and usage frequency [16]. Additionally, a stated preference survey utilizing a
mixed logit model was applied to evaluate motivational factors influencing mode-switch-
ing to shared e-scooters and mopeds [17].

Bicycle-related surveys have gone beyond simple usage characterization, helping to
fill data gaps concerning user behavior, safety, and legal compliance. A cross-country
study employed logistic regression to analyze cycling habits, helmet use, and self-re-
ported accidents, revealing significant underreporting of bicycle crashes [18]. Similarly,
self-reported surveys have recently been used to assess e-scooter crash risks, linking user
demographics and behavioral factors to accident involvement using statistical models
such as risk ratios, negative binomial regressions, and Poisson robust variance regressions
[19].

In relation to pedestrian-micromobility interactions, a 2023 systematic review iden-
tified 42 studies (1995-2022) that used surveys to assess (i) level of service estimations, (ii)
collision, injury, and casualty rates, (iii) attitudes, perceptions, and experiences, and (iv)
conflicts and interactions. Many of these studies combined surveys with field data collec-
tion [14]. Additionally, Likert-scale surveys have been employed to examine user percep-
tions of infrastructure conditions [20] and perceived risk during operational conflicts [21].
In summary, survey-based research has been extensively applied to the study of micro-
mobility for both planning and operational purposes.

The city of Valencia, Spain—the 2024 European Green Capital —serves as an ideal
case study due to its high micromobility usage, well-established bicycle infrastructure,
efficient public bike-sharing system, and regulatory framework allowing both bicycles
and e-scooters to circulate under specific conditions. Furthermore, no license or permit is
required to operate these vehicles, and dual-level policies apply. For these reasons, Valen-
cia was selected as the site for this study, which aims to address the previously stated
research questions.

Given the demonstrated functionality and flexibility of surveys, this study seeks to
assess micromobility users’ knowledge of applicable regulations through an online eval-
uation survey. The underlying hypothesis is that such knowledge may vary depending
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on socio-demographic characteristics (e.g., age and gender) and mobility-related factors
(e.g., vehicle type and possession of a driver’s license).

This article is structured as follows: first, the materials and methods are described,
including a review of applicable regulations, survey design, data collection, and analytical
methodology. This is followed by a presentation of the results and, finally, a discussion of
the findings with conclusions and recommendations for future research.

2. Materials and Methods

The development of this research was divided into four stages: (i) Regulations re-
view, (ii) Survey design, (iii) Data collection, and (iv) Analysis of users’ knowledge. In this
section, each stage process is presented.

2.1. Regulations Review

An exhaustive review of the current regulatory framework was conducted. In Spain,
as in many other countries, micromobility is governed by both national legislation and
local ordinances. The key regulatory documents include the General Traffic Regulations
[10], the Technical Specifications for Personal Mobility Vehicles (PMVs) [22], and, at the
local level, the Valencia Municipal Mobility Ordinance [23].

From a hierarchical perspective, local policies must align with national legislation,
and users are required to comply with all applicable regulations. The General Traffic Reg-
ulations [10] establish traffic rules for all vehicle types permitted on Spanish roads, with a
primary focus on motorized traffic and interurban routes. This document delegates re-
sponsibility for regulating urban mobility to local governments through municipal ordi-
nances.

Although the national framework includes some bicycle-related rules—such as re-
strictions on alcohol and drug use, right-of-way regulations, and mandatory use of safety
equipment (e.g., lights and helmets on interurban roads)—it initially did not address
PMVs. To address this gap, the General Directorate of Traffic (DGT) published the Tech-
nical Specifications for PMVs [22], thereby establishing a legal framework for their use.

Under current Spanish law, a PMV is defined as a vehicle with one or more wheels,
equipped with a single seat, and powered exclusively by electric motors. These vehicles
must have a maximum design speed between 6 and 25 km/h. A saddle is permitted only
if the vehicle incorporates a self-balancing system.

The technical specifications establish requirements for maximum power output, and
for physical dimensions including height, length, width, saddle height, and handlebar
height (depending on whether a self-balancing system is used). PMVs must also include
systems for speed control, braking, parking stabilization, front and rear lighting, and an
audible warning device (e.g., a bell). Additional criteria regarding electrical safety, wheel
conditions, and certification are also outlined in the document.

As of 22 January 2024, all PMVs sold in Spain must comply with these specifications.
Vehicles lacking certification will be prohibited from circulation starting 22 January 2027.
A transitional period is currently in effect.

The third regulatory document reviewed was the Valencia Municipal Mobility Ordi-
nance [23], which governs the use of urban roads and public spaces by both motorized
and non-motorized users. It provides specific regulations for bicycles and PMVs, includ-
ing user rights and responsibilities, permitted circulation areas, speed limits for bike lanes
and shared roads, parking rules, required safety accessories, and visibility requirements.
However, vehicle classifications and specifications differ between bicycles and PMVs.

For bicycles and electric bicycles (defined as pedal-assist cycles with a motor output
of up to 250 W, which disengages upon stopping pedaling or reaching 25 km/h), the reg-
ulations are identical. PMVs are categorized into (i) Type A which is self-balancing
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vehicles and small, lightweight electric scooters, and (ii) Type B which is larger electric
scooters, typically equipped with a seat and electric motor. Each PMV type is subject to
distinct regulatory requirements. Additionally, a minimum age is mandated for opera-
tion. In cases where PMV-specific regulations are not provided, bicycle regulations apply
by default.

These three regulatory documents served as the foundation for the survey design
described in the following section.

2.2. Survey Design

The survey was structured according to the framework illustrated in Figure 1 and
focused on two main components. First, participants were asked to provide general infor-
mation regarding their mobility patterns and demographic characteristics. To ensure that
only current and frequent micromobility users completed the section on regulations, a
control question was included.

Second, two separate questionnaires were developed based on the type of micromo-
bility vehicle primarily used by the respondent. This classification followed the definitions
established in both national and local Spanish regulations, as previously outlined.

Users’ general
characterization

icromobility >— No 4»

Yes

ype of vehicle>~ PMV > User’s
characterization
Bicycle
User’s User’s
characterization regulations

User’s

regulations

End

Figure 1. Survey structure design.

Since the primary objective of the survey was to evaluate micromobility users” aware-
ness of current regulations, it was designed as an assessment tool that produced a gross
score upon completion. All questions were multiple choice with a single correct answer
and included an “I don’t know” option. Only correct responses contributed one point to
the gross score.

Participants were shown their final score along with the correct answer for each ques-
tion, with the aim of facilitating immediate learning and awareness.

Survey items were organized into five categories based on the regulatory content.
The statements presented to respondents are shown in Tables 1 and 2, corresponding to
bicycles and PMVs, respectively. The correct answers, based on both local ordinances and
national regulations (when applicable), are also included.



Safety 2025, 11, 36

5 of 18

Table 1. Bicycle regulations.

Category Item Local Policy Nationwide Statements
Ride on sidewalk Forbidden Forbidden
Circulation meastres Headphones use Forbidden Forbidden
Overtake on bidirectional bike lanes Allowed ND **
Ride in urban tunnel without bike lane Forbidden Forbidden
Mandatory insurance No ND **
Mandatory registration No ND **
Safety elements Mandatory helmet use No * No *
Mandatory bell use No ND **
Mandatory lights use Yes Yes
Pedestrians Priori"cy'on bike lanes Yvithout p.edestrian c'rossing Bicycles Bicycles
Minimum safety distance with pedestrians 1m ND **
Parking Parking next to trees Forbidden ND **
Maximum parking time next to urban furniture 72h ND **
Speed limit on segregate On sidewalk bike lane 15 km/h ND **
bike lanes On road bike lane 20 km/h ND **
Cycle path 10 km/h ND *
Motorized roads 45 km/h ND **
Speed limit on shared 30 street 30 km/h ND **
roads Residential street 20 km/h ND **
Pedestrian street 10 km/h ND **
* Helmet use is mandatory for cyclists under 16 years old. ** ND—Not defined.
Table 2. PMV regulations.
Category Item Local Policy Nationwide Statements
Circulation measures Minimum age for riding 16 16
Type of VMP AorB ND *
Ride on sidewalk Forbidden Forbidden
Headphones use Forbidden Forbidden
Overtake on bidirectional bike lanes Allowed Not applicable
Ride in urban tunnel without bike lane Forbidden Forbidden
Safety elements Mandatory insurance No ND *
Mandatory registration No ND *
Mandatory helmet use Type B All PMV
Mandatory bell use Type B All PMV
Mandatory lights use Type B All PMV
Pedestrians Priority on bike lanes.without pedestrian PMV PMV
crossing
Minimum safety distance with pedestrians 1m ND *
Parking Parking next to trees Forbidden ND *
Maximum parking .tlme next to urban fur- 7 h ND *
niture
Speed limit on segre- On sidewalk bike lane 15 km/h ND *
. On road bike lane 20 km/h ND *
gated bike lanes Cycle path 10 km/h ND *
Motorized roads Forbidden ND *
Speed limit on shared Type A 20 km/h and type
; roads 30 street . B 25 km/h . ND*
Residential street All types 20 km/h ND *
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Type A 10 km/h and type

*
B forbidden ND

Pedestrian street

* ND—Not defined.
The survey was created and distributed using Microsoft Forms.

2.3. Data Collection

Data collection was conducted between 1 July and 15 November 2024. The survey
was distributed online to ensure broad outreach, using an eye-catching post accompanied
by a unique Microsoft Forms link. Participants were recruited through two primary chan-
nels: the academic community (via institutional email) and the general public (via social
media platforms such as X, Facebook, and LinkedIn). Participation was entirely voluntary,
and no incentives or rewards were offered upon completion of the survey.

2.4. Analysis
2.4.1. Definition of Variables

The primary outcome of the survey was the gross score obtained by each participant,
which was defined as the dependent variable. For analysis purposes, this score was stand-
ardized using a base-10 scale, as described by the following equation:

gross score X 10

S =
core Total number of questions (1)

The resulting scale ranges from 0 to 10, where higher values indicate greater regula-
tory knowledge.

In addition, five categorical independent variables were selected for studying their
influence on the results, which are as follows:

e  Age. Discrete variable;

. Sex. Categorical variable: Man, woman, I rather not to say;

e  Type of micromobility vehicle. Categorical variable: Bicycle and PMV;

. Ownership. Categorical variable: Own, not own (rented, public share system);
e  Driver’s license possession. Categorical variable (yes or no).

2.4.2. Sample Size

To ensure that the collected data are representative of the overall population and tend
to follow a normal distribution, the minimum required sample size was determined based
on the central limit theorem [24,25] as follows:

_ Sampling error

ES ~ (2)
o p(lls;p) 3)
nl
e (4)
[1+ Gl

where Z parameter value is 1.96 for a confidence level of 95%, p is the percentage of mi-
cromobility users in the city and N, the city population.

Given that Valencia city has 807.693 inhabitants (N), according to the Spanish Na-
tional Statistical Institute [26], and the percentage of micromobility users (p) is 26.57% [27],
a minimum of 153 respondents is needed in order to guarantee a confidence level of 95%
and a maximum assumed error of 7%.
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2.4.3. Statistical Analysis

Descriptive statistical methods were employed to evaluate participants” knowledge
of micromobility regulations. Initially, general descriptive metrics were calculated for all
responses, followed by a stratified analysis based on predefined socio-demographic and
mobility-related variables. In addition, knowledge scores were analyzed by regulatory
category, as defined in Tables 1 and 2.

To assess whether independent variables influenced participants’ overall scores, uni-
variable analyses were conducted. One-way ANOVA tests were applied to compare mean
scores across groups, after confirming the assumptions of normality and homogeneity of
variance. Where significant differences were detected, post hoc tests were used to identify
specific group-level variations.

For multivariable analysis, independence tests were conducted across the five inde-
pendent variables to evaluate their relative contribution to participants’ regulatory
knowledge. This analysis was not intended for prediction, but rather to explore the extent
to which each variable influenced awareness.

All analyses were conducted using Python 3.10 in Google Colaboratory. The follow-
ing libraries were utilized for data processing, statistical testing, and visualization:
NumPy 2.0.2, Pandas 2.2.2, Statsmodels 0.14.4, Matplotlib 3.10.0, and Seaborn 0.13.2.

3. Results
3.1. Participants

A total of 298 survey responses were collected, of which 167 corresponded to active
micromobility users, as identified by a control question included in the questionnaire. No
responses were excluded from this subset, as completion times were verified to ensure
validity.

The total time required to complete the survey varied widely; non-micromobility us-
ers typically finished in under one minute, while micromobility users took up to twenty
minutes, with an average completion time of approximately six minutes.

Among micromobility users, 31.13% identified as women and 68.86% as men. Partic-
ipants’ ages ranged from 18 to 78 years. The largest age group was 25-44 years (50.9%),
followed by 15-24 years (29.9%) and 45-65 years (18.0%). The age distribution is presented
in Figure 2.

85

80 1

60 A
50

40 4
30

Number of respondents

[15-25) [25-45) [45-65) >=65
Age

Figure 2. Number of respondents to the survey by age.

Regarding the primary micromobility vehicle used (Figure 3), 79.0% of participants
reported commuting by bicycle. The majority of them relied on the public bike-sharing
system “Valenbisi” in Valencia (39.5%) or used their own bicycle (32.9%). In contrast, only
4.2% used rental bicycles and 2.4% reported using their own electric bicycle.
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As for personal mobility vehicles (PMVs), 14.4% of respondents owned an electric

scooter, 2.4% reported using a non-electric scooter, and 1.2% relied on rental e-scooters.

Overall, more than half of the respondents (55.0%) owned a micromobility vehicle, either
a bicycle or a PMV, while 74.3% held a valid driver’s license.

79.0% Own bicycle - 32.9%

Own electric bicycle - 2.4%

Rental e-scooter - 1.2%
Own scooter - 2.4%

Public bicycle - 39.5%

Own e-scooter - 14.4%
- 0o,
Other - 3.0% 21.0%

Rental bike - 4.2%

Bicycle PMV

Figure 3. Micromobility users’ modal split.

3.2. Univariate Analysis

The overall mean knowledge score among micromobility users was 4.5 out of 10 (SD

=1.67), indicating a generally insufficient level of regulatory awareness. The distribution

of scores approximated a normal distribution (Figure 4), as confirmed by a Kolmogorov—

Smirnov test (p = 0.1128).

25

20

Frequency
&
)

—
(=]
L

B

HH

Figure 4. Standardized score distribution.

Score

o

To better understand variations among user profiles, the average score was also cal-

culated across different socio-demographic and mobility-related groups (Table 3). Sub-

stantial differences in mean scores were observed between groups.

Participants aged 15-24 and 45-65 scored 0.41 and 0.54 points higher, respectively,

than those in the 25-44 age group. Although participants over 65 years old had the highest

mean score (6.0), this result is considered biased due to the very small sample size (n = 2)

within this subgroup.
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With respect to gender, male respondents outperformed female respondents by an
average of 0.52 points, while both groups had similar standard deviations, indicating com-
parable variability in responses.

The most notable difference emerged when comparing micromobility vehicle types,
cyclists achieved a mean score of 4.73, whereas PMV users scored significantly lower, with
an average of 3.70. This gap is consistent with expectations, given the ongoing regulatory
changes and greater complexity surrounding PMVs. These vehicles often require more
specific safety and operational requirements than bicycles, which are more established
within existing infrastructure.

In terms of ownership, individuals who did not own a micromobility vehicle scored
on average 0.6 points lower and exhibited greater score variability. Lastly, participants
who held a driver’s license scored 0.42 points higher than those without one. This may
reflect a broader exposure to traffic regulations, as some aspects of micromobility regula-
tions are included within the general traffic code for motorized vehicles.

Table 3. Statistical summary of score.

Group Subgroup N Average Score  Standard Deviation
15-24 50 4.69 1.63
Age 25-44 85 4.28 1.58
45-64 30 4.82 1.93
65> 2 6.0 0.70
Man 115 4.68 1.66
Sex
Woman 52 4.16 1.66
. . . Bicycle 132 4.73 1.63
Micromobility vehicle PMV 35 3.70 L€
Ownership Own 92 4.78 1.62
Not own 75 4.18 1.81
Driver’s license possession Yes 124 4.62 1.68
No 43 4.20 1.62

Despite the differences observed, all groups scored below 5 out of 10, confirming a
general lack of knowledge across all subgroups. Therefore, it can be concluded that there
is a widespread lack of awareness among micromobility users.

As mentioned previously, regulations address various needs and safety concerns on
roads and bike lanes. To identify the specific areas in which users show the least aware-
ness, average scores were calculated for each policy category defined in the survey design.
These scores were standardized on a 10-point scale, considering the number of questions
in each section.

Figure 5a shows that, from a general perspective, the most critical category is speed
limits (score = 2.7), followed by parking regulations (score = 3.3). Scores for pedestrian-
related policies and safety elements were slightly higher, averaging 4.4 and 4.8, respec-
tively, while the highest average score was observed in the circulation measures category
(score =7.8).

The categorical analysis was also performed by subgroups, and a consistent trend
was observed across all groups. Circulation measures consistently received the highest
average scores, all above 7. In contrast, scores related to pedestrian policies, parking reg-
ulations, and safety elements generally ranged between 3 and 5, with few exceptions. For
example, individuals who do not own a micromobility vehicle scored particularly low on
parking-related questions—unsurprisingly, as they have little need to be familiar with
such regulations. Finally, the speed limits category showed the lowest scores overall, with
all subgroup averages falling below 3.
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Speed limits

Parking

Pedestrians

(a)

Circulation measures

Circulation measures

Safety elements

—— Bicycle
—— PMV

gigculation measures Circulation measures

Safety elements

— 15-24

— 25-44
45-64

— 65>

Safety elements

Man
Woman

Circulation measures Circulation measures

3.4
Parking

Safety elements Safety elements

— Yes
—— No

own
Not own

Figure 5. Average score for category by group of analysis: (a) Overall; (b) age; (c) sex; (d) micromo-

bility vehicle; (e) ownership; (f) driver’s license possession.

With respect to average scores by micromobility vehicle type (Figure 5d), cyclists
achieved slightly higher overall scores. In the category of safety elements, although the
mean score of 5.6 was still suboptimal, a significant proportion of respondents incorrectly
identified certain items as mandatory. 24.6% believed helmet use was compulsory, and
62.7% mistakenly considered the use of a bell as a legal requirement, when in fact they
were not. However, from a safety point of view these results are not negative at all.

In the pedestrian-related category, 67.9% of cyclists correctly recognized pedestrian
priority when applicable. Regarding the minimum safe passing distance, only 21.6% se-
lected the correct response, while 35.8% selected a greater distance. Conversely, 5.2% and
9.7% selected a shorter distance or no distance at all, respectively. Additionally, 27.6%
indicated that they did not know the correct answer.

In terms of parking regulations, nearly 30% of users were unaware of the restriction
against parking next to trees, and 56% did not know about the time limit for parking near
urban furniture.

The lowest score among cyclists was once again in the speed limits category, with a
mean of 2.7. Detailed response distributions are presented in Table 4.

Table 4. Speed limit answer results for bicyclists.

Bicycles

Correct Answer Under Speed Limit Above Speed Limit  Did Not Know

On sidewalk bike lane
On road bike lane
Cycle path

26.9%
28.4%
58.2%

30.6%
33.6%
37.3%

31.3%
28.4%
4.5%

11.2%
9.6%
0.0%

Motorized roads
30 street
Residential street
Pedestrian street

40.3%
23.1%

0.0%
0.0%

*45.5%
17.2%

14.2%
59.7%
28.4% *31.3% 9.7% 30.6%
24.6% *39.6% 13.4% 22.4%

* From a safety perspective, sums-up under speed limit and not allowed to ride answers.
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Among PMV (personal mobility vehicle) users, 62.9% correctly identified their prior-
ity over pedestrians when circulating in bike lanes. However, 40% were unaware of the
minimum safety distance, and 8.6% believed that no such requirement exists. Regarding
parking restrictions, 25.7% did not know about the prohibition of parking next to trees,
while 11.4% answered incorrectly. Additionally, 54.3% were unaware of the maximum
allowable time to park near urban furniture.

The lowest score among PMYV riders was in the safety elements category, with an
average of 1.9. Nevertheless, this result should be interpreted with caution. Safety equip-
ment requirements vary depending on the specific type of PMV, and as such, strict adher-
ence to regulations was not always reflected in the answers. In fact, over 74% of respond-
ents considered helmet and bell use mandatory, and 85.7% considered the use of lights
obligatory. Regarding insurance and vehicle registration, approximately 26% of users in-
dicated that they did not know the correct answer.

Finally, Table 5 presents detailed responses related to speed limits. Specifically, for
motorized roads, only 34.3% of PMV users correctly identified the circulation restrictions.
In contrast, 17.1% admitted not knowing the answer, while 48.6% responded incorrectly.

Table 5. Speed limit answer results for PMV riders.

PMV Correct Answer Under Speed Limit Above Speed Limit  Did Not Know
On sidewalk bike lane 22.9% 0.0% 60.0% 17.1%
On road bike lane 17.1% 8.6% 65.7% 8.6%
Cycle path 2.8% 0.0% 82.9% 14.3%
30 street 40.0% 11.4% 14.3% 34.3%
Residential street 40.0% 40.0% 0.0% 20.0%
Pedestrian street 11.4% *37.1% 22.8% 28.6%

* Not allowed to ride despite PMV type.

Inferential Analysis

Based on the results presented in Table 3, a statistical hypothesis test was conducted
to determine whether statistically significant differences exist between the standardized
scores obtained by each subgroup. To this end, the assumption of normality was assessed
using the Kolmogorov-Smirnov test (for sample sizes greater than 50) and the Shapiro—
Wilk test (for sample sizes smaller than 50) [28]. In both cases, the null hypothesis (Ho)
stated that the data followed a normal distribution (Table 6). The p-values obtained for all
samples were greater than 0.005; therefore, it can be assumed that the data are normally
distributed at a 95% confidence level.

Table 6. Normality test results by group.

Group Subgroup N Statistic p-Value
15-24 50 0.1165 0.4706
Age 25-44 85 0.1016 0.3226
45-64 30 * 0.9541 0.2171

>65 2 - -

Sex Man 115 0.0989 0.1969
Woman 52 0.0968 0.6782
. . . Bicycle 132 0.1145 0.0581
Micromobility vehicle PMV 35 * 0.9862 0.9300
Ownership Own 92 0.0944 0.3626
Not own 75 0.1348 0.1192

Driver’s license possession Yes 124 0.0925 0.2250
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No 43 * 0.9542 0.0850

* Subgroup evaluated with Shapiro-Wilk test.

Since the data were normally distributed, the Bartlett test for homoscedasticity was
performed to verify the assumption of equal variances. As shown in Table 7, the data met
this assumption, as all p-values were greater than 0.005. Therefore, it can be concluded
with 95% confidence that the variance are equal across groups. Given the homogeneity of
variance, pairwise analysis was not required.

Table 7. Bartlett homoscedasticity test results by group.

Group Statistic p-Value
Age 2.4547 0.4835
Sex 0.0003 0.9860
Micromobility vehicle 0.0006 0.9804
Ownership 0.1028 0.7484
Driver’s license possession 0.8918 0.3450

Consequently, a parametric ANOVA test was conducted for each grouping variable
(Table 8). The analysis revealed statistically significant differences between micromobility
vehicle subgroups (bicycle vs. PMV) and ownership status subgroups (own vs. not own).

Table 8. ANOVA test results.

Group Statistic p-Value

Age 1.6103 0.189006

Sex 3.4865 0.063642
Micromobility vehicle 11.113 0.001058 *
Ownership 5.4729 0.020511 *
Driver’s license possession 1.971 0.162215

* If p-value less than 0.05 and Ho rejected at a 95% confidence level.

In addition, effect sizes were calculated for the variables showing statistically signif-
icant differences. For micromobility vehicle type, the effect size was )2 =0.0631, indicating
a medium effect. For ownership status, the effect size was n?>=0.0321, which corresponded
to a small effect.

An LSD (least significant difference) post hoc test was also conducted (Table 9). The
results confirmed significant differences in mean scores between bicycle and PMV users.
LSD intervals did not overlap (Figure 6a), and the p-value was below 0.005. In contrast,
although the p-value for the ownership group was also below 0.005, the LSD intervals
overlapped (Figure 6b), indicating that the difference in means between owners and non-
owners was not substantial relative to the within-group variability

Table 9. Post hoc LSD test results.

Group Subgroup LSD Lower Bound Upper Bound F PR (>F)
Micromobility Bicycle 0.279384 4.45 5.01

Vehicle PMV 0.542568 3.16 424 11113081 0.001058

Ownership Own 0.540144 444 >12 5472913 0.020511

Not own 0.376726 3.80 4.56
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Figure 6. LSD intervals: (a) LSD intervals for micromobility type of vehicle and (b) LSD intervals

for ownership.

In summary, the five variables selected for independent analysis of the standardized
scores, allowed for the identification of variations in mean scores across subgroups. From
a socio-demographic perspective, individuals aged 45-64 obtained higher scores, as did
men compared to women. In terms of mobility-related factors, bicycle users outperformed
PMYV riders, while individuals who do not own a micromobility vehicle or do not hold a
driver’s license obtained lower scores. However, the only variable that showed statisti-
cally significant differences in mean scores at the 95% confidence level was the type of
micromobility vehicle.

3.3. Multivariate Analysis

A Chi-square test of independence was conducted to explore potential relationships
between the independent variables. Pairwise tests were performed under the null hypoth-
esis that no association exists between each pair of variables. The results, shown in Figure
7, indicate that p-values below 0.005 reflect statistically significant relationships at the 95%
confidence level.
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Figure 7. p-value results for Chi-Square independence test.
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Among the significant associations identified, the relationship between age and pos-
session of a driver’s license is notable and expected, although recent trends in Spain sug-
gest this association is not necessarily growing stronger [29]. A significant relationship
was also found between age and vehicle ownership, which can be attributed to the ten-
dency for income levels and willingness to own a vehicle to increase with age. Further-
more, micromobility vehicle type and ownership status were significantly related. In the
case of Valencia, where public policies restrict the use of rental scooters [23], most scooter
users are required to own their vehicles. In contrast, bicycle users often rely on Valenbisi,
the city’s efficient public bike-sharing system [30], which reduces the necessity of owning
a personal bicycle —this modal distribution is illustrated in Figure 3.

Another significant association was observed between driver’s license possession
and micromobility vehicle ownership. Although a driver’s license is not legally required
to operate micromobility vehicles, the data reveal that individuals who hold a driver’s
license are also more likely to own such a vehicle, and vice versa.

Overall, despite the presence of statistically significant relationships among some of
the variables, the five independent variables analyzed in this study cannot be considered
collectively as a robust explanatory model for the knowledge scores regarding micromo-
bility regulations.

4. Discussion

The findings of this study are based on the analysis of 167 responses from micromo-
bility users in Valencia, Spain, who were asked to identify correct answers regarding cur-
rent local regulations governing micromobility use.

The results indicate that the socio-demographic variables analyzed, specifically age
and gender, did not significantly influence users’ level of knowledge, as no statistically
significant differences were observed. Among the mobility-related factors, only the type
of vehicle showed statistically validated differences, with a medium effect size. In fact,
6.31% of the total variance in knowledge scores could be explained by this variable. In
contrast, neither vehicle ownership nor possession of a driver’s license showed any statis-
tically significant influence at the 95% confidence level established for the study. The most
notable overall finding is that mean scores across all subgroups ranged between four and
five out of ten, which confirms a general lack of knowledge regarding micromobility reg-
ulations.

To date, few studies have directly addressed users’ awareness of such regulations.
One related effort was conducted by Esztergar-Kiss and Lopez Lizarraga in 2021 [5], who
collected survey data regarding general operating conditions and usage of e-micromobil-
ity across five cities. While the sample sizes ranged from 128 to 232 respondents per city,
their questions did not address specific legal knowledge. Most responses reflected only
vague or general understanding of the rules, and no analysis of independent variables
was conducted in relation to regulatory awareness.

A more directly comparable study was carried out by Féliz Ferreira [31], who sur-
veyed 142 users in Valencia based on local policies. The results, with a mean score of 4.5
and a standard deviation of 1.7, align closely with the present findings. However, in that
case, the same questionnaire was applied to all participants, without distinction based on
vehicle type, despite the fact that different vehicles are subject to different regulatory re-
quirements. One of the key contributions of the present study is precisely this differentia-
tion, demonstrating that knowledge varies significantly depending on the type of vehicle
used. No further analysis of variable influence was conducted in the previous study.

It is also relevant to consider the timing of a local awareness campaign launched by
the Valencia municipal government in February 2024, titled “You are the chassis”. The
campaign aimed to promote proper use of bicycles and PMVs, emphasizing safety
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equipment, and speed limits on various types of infrastructure. However, the survey for
this study was conducted in July 2024, just four months after the campaign, and the results
did not reflect a measurable impact on user knowledge, raising questions about the cam-
paign’s reach or effectiveness.

Overall, the findings support the use of surveys as an effective method for identifying
knowledge gaps among micromobility users. However, corrective measures should not
be generalized; rather, they should be tailored to the specific requirements of different
vehicle types.

Among the five policy categories evaluated, speed limits emerged as the most critical
area. Not only did it yield the lowest average scores, but it also showed high rates of in-
correct responses, indicating widespread confusion or misinformation. This is particularly
concerning on segregated roads, where more than 30% of cyclists admitted to not knowing
the correct speed limit, and on cycle paths, where 58.25% of cyclists selected speeds above
the legal limit. PMV users also displayed poor understanding in this area, with over 60%
indicating excessive speeds on shared infrastructure, and over 80% doing so on cycle
paths.

This misunderstanding poses a significant safety risk, as exceeding speed limits may
lead to dangerous interactions with other micromobility users or motorized traffic. Pro-
moting the correct use of safety equipment is equally important. Many users showed un-
certainty regarding which safety elements are mandatory, which suggests a need for
clearer communication and educational efforts. Parking regulations also revealed notable
knowledge gaps, especially among vehicle owners, highlighting the need for targeted in-
formation campaigns. Regarding pedestrian-related policies, most users demonstrated
conservative attitudes, although a substantial proportion still admitted to not knowing the
applicable rules.

Further research is needed to deepen the understanding of how users’” knowledge
develops and how best to address the deficits observed. While the overall score offers a
useful numerical summary, a more granular, categorical analysis could yield additional
insights—especially from a safety perspective. Moreover, the recognition of “not know-
ing” as a common response in several categories suggests not just confusion, but a general
lack of awareness that should not be overlooked.

Multivariate analysis should also be expanded to investigate how specific factors—
such as those used in this study—may influence knowledge and help predict future
trends. Beyond identifying deficits, it is essential to explore both preventive and corrective
strategies to reduce regulatory ambiguity. These could include simplifying or clarifying
current policies, improving signage and street-level information, reinforcing educational
campaigns, and developing training programs that help micromobility users understand
and follow the regulations applicable to their specific mode of transport.

5. Conclusions

This study assessed the level of knowledge that micromobility users in Valencia,
Spain, have regarding current local regulations, indirectly measuring their awareness
through a structured survey. Data collection took place between 1 July and 15 November
2024.

The survey was developed based on the regulatory documents that govern micro-
mobility use in the city which are the General Traffic Regulations, the Technical Specifica-
tions for Personal Mobility Vehicles, and the Valencia Municipal Mobility Ordinance. Five
key categories were established to evaluate users’ knowledge: (i) circulation measures, (ii)
safety elements, (iii) pedestrians, (iv) parking, and (v) speed limits.

Participants were classified into two main user groups in accordance with local defi-
nitions: bicycle users (including e-bikes) and PMV users (including scooters and e-
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scooters). Of the 298 responses received, 167 were analyzed. The overall average score was
4.5 out of 10, with a standard deviation of 1.67. Among the five categories, the highest
score corresponded to circulation measures (mean = 7.8), while the lowest was observed
for speed limits (mean =2.7).

Categorical analysis by type of micromobility vehicle revealed an urgent need to im-
prove awareness about speed limits—especially on segregated bike lanes—as well as
parking regulations across all user groups. On the other hand, the widespread belief that
the use of safety elements (e.g., helmets, lights, bells) is mandatory can be viewed posi-
tively, from a road safety perspective. With regard to pedestrians and circulation behav-
ior, most users demonstrated a relatively safe and rule-conscious approach, although a
notable proportion admitted not knowing the exact legal requirements.

Univariate analysis of the five independent variables, age, gender, type of micromo-
bility vehicle, ownership, and driver’s license possession, revealed low knowledge levels
across all groups, with mean scores ranging between four and five. However, only one
variable showed statistically significant differences at the 95% confidence level, the type
of micromobility vehicle, with a medium effect size ()2 = 0.0631). Multivariate analysis
additionally revealed relationships between the independent variables, notably between
age, ownership, vehicle type, and possession of a driver’s license. These associations re-
flect broader socio-demographic patterns and contextual conditions that shape micromo-
bility usage in Valencia.

While this study focused primarily on knowledge scores derived from regulatory
statements, further research is recommended to explore how safety-related behaviors
align with the users’ understanding of the rules. The relatively high percentage of partic-
ipants who openly admitted to not knowing the correct answers suggest a critical lack of
awareness that must be further explored and addressed.

Despite the differences between user groups, the overall low scores emphasize a gen-
eral lack of knowledge about existing micromobility regulations. The study also high-
lights a deeper issue, a gap between what users should know and what they theoretically
assume or believe is correct. Bridging this gap will require both strategic and technical
actions, ranging from regulatory simplification to targeted communication campaigns
and educational initiatives, to ensure that users not only understand the rules but are also
able to apply them safely and confidently on the roads.
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