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Abstract

Growing interest in sustainable urban mobility has intensified research into the factors
shaping the adoption of smart bicycle technologies, yet cross-national comparative evidence
remains scarce. This study examines user perceptions, mobility habits and willingness to
adopt innovative e-bike technologies in Italy and Poland through a structured questionnaire
grounded in the Bicycle Smartness Level (BSL) framework. Descriptive statistics and
inferential tests were applied to identify exploratory differences between the two survey
samples across mobility behavior, perceived barriers, technology utility and willingness
to pay. Results reveal that, in these samples, Italian respondents display stronger car
dependency and rate safety-related cycling barriers (traffic hazards, lack of infrastructure
and road user insecurity) significantly higher than Polish respondents do. In contrast,
respondents in the Polish sample attribute significantly greater utility to comfort and
performance-oriented smart technologies such as monitoring systems and adaptive gear
shifting. In both samples, willingness to pay a price premium converges in the €0–200 range
and navigation and safety technologies are universally valued. These descriptive and
exploratory findings suggest that smart cycling adoption pathways may differ across
contexts: in the Italian sample, perceived road safety and infrastructure gaps appear to
be central barriers, whereas in the Polish sample affordability emerges as a particularly
relevant condition for adoption, with implications for policy aligned with Sustainable
Development Goal (SDG) 11 and the EU Declaration on Cycling.

Keywords: smart cycling technology acceptance; user perceptions; sustainable urban
mobility; cycling infrastructure barriers; perceived safety; willingness to pay

1. Introduction
Cycling is increasingly promoted across Europe as a pillar of sustainable urban mo-

bility, contributing to reduced greenhouse gas emissions, improved public health, and
lower urban congestion [1,2]. The focus on sustainable cycling aims to achieve SDG 11
“Sustainable Cities and Communities” of the United Nations 2030 Agenda [3], which aims
to achieve safe, accessible, and sustainable transport (Target 11.2), reduction of urban
environmental impacts (Target 11.6), and inclusiveness and accessibility. The European
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Union has formalized this ambition through the EU Declaration on Cycling [4], that recog-
nizes the bicycle as a mode of transport in its own right and calls for safe and continuous
infrastructure, integration with public transport, inclusion and accessibility, and its Road
Safety Policy Framework 2021–2030, which commits to halving road deaths and serious
injuries by 2030 in line with Vision Zero [5]. Yet despite these policy commitments, cyclists
remain among the most vulnerable road users: in 2024, 1926 cyclists were killed on EU
roads, and the number of cyclist deaths decreased by only 8% over the decade 2014–2024,
compared to a 31% reduction for pedestrians and 19% for vehicle occupants over the
same period [5]. Serious injuries among cyclists increased by 12% over the same period,
compounding concerns about the safety implications of growing cycling activity [5]. These
trends underscore a fundamental tension: as governments actively encourage modal shift
towards cycling for environmental and health reasons, the structural conditions required
to make cycling safe have not kept pace.

The rapid diffusion of electric bicycles (e-bikes) has intensified this challenge. E-bike
sales in the EU grew from approximately 588,000 units in 2010 to over 4.5 million in 2020 [5],
and 5.1 million in 2023 [6], and deaths among e-bike users have increased in all countries
that distinguish between bicycle types, while deaths among conventional bicycle users
have generally declined [5]. E-bikes are disproportionately popular among older riders, a
group already overrepresented in cyclist fatalities (i.e., people aged 65 and over account for
half of all cyclist deaths in the EU [5]), raising further questions about the intersection of
technology adoption, physical vulnerability, and road safety.

In parallel with these trends, the cycling sector is experiencing a wave of technological
innovation. The Bicycle Smartness Level (BSL) framework, proposed by Kapousizis et al. [7],
classifies bicycles into six levels of smartness, from traditional models (BSL 0) to fully
connected, infrastructure-integrated intelligent systems (BSL 5), drawing on the automation
levels defined by SAE for autonomous vehicles [8] and on the smartness dimensions
proposed by Alter [9]. Technologies covering these levels include GPS navigation and route
planning, incident detection and emergency notification, anti-collision sensors, monitoring
systems, intelligent driver assistance and adaptive cruise control, and Bike-to-Everything
(B2X) communication systems. While these innovations hold potential to enhance both
safety and comfort, their adoption is far from uniform: awareness, perceived utility, and
willingness to pay vary considerably across user groups and national contexts [10–14].

Smart cycling mobility can be seen as a strategic intersection between digital innova-
tion and sustainable urban mobility. It would therefore become a key factor in achieving
SDG 11 and aligning local urban transformations with the European Green Deal and the EU
Strategy for Sustainable and Smart Mobility. The smart cycling mobility can be a key factor
in the pursuit of sustainable mobility, given that the transport sector is still a major source
of emissions, and ‘soft’ solutions (active mobility) are needed alongside electrification.

Understanding the factors that shape user acceptance of smart cycling technologies
is, therefore, a pressing research priority. The Technology Acceptance Model (TAM) iden-
tifies perceived usefulness and perceived ease of use as key determinants of technology
acceptance. Later extensions of technology acceptance theory, including UTAUT2, fur-
ther emphasize the role of hedonic motivation, price value, habit, and user experience
in shaping behavioral intention [15,16]. Applied to cycling, these dimensions intersect
with infrastructural realities, mobility habits, and cultural attitudes toward road safety.
Bikeability, defined as the extent to which an urban environment supports cycling as a
viable, attractive, and safe mode of transport, emerges from the interaction among network
structure, environmental quality, and the subjective perceptions of potential users [16].
Recent work integrating GIS-based spatial analysis with survey-based perception data in
the Mediterranean context of Catania confirms that safety-related concerns, inadequate
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infrastructure, and the mismatch between planned and experienced cycling conditions are
the primary obstacles to cycling adoption in high-motorization cities [17]. These findings
reinforce the broader evidence that perceived safety, rather than infrastructure provision
alone, is the dominant determinant of cycling behavior [18,19].

This perspective is further supported by recent research on subjectively safe cycling
infrastructure, which shows that perceptions of safety strongly influence cycling choices
and can guide urban design aimed at increasing active travel [20]. These studies point to
the need for analyses that simultaneously capture objective conditions and user attitudes.

Comparative evidence on the acceptance of smart cycling technology remains limited,
particularly regarding how perceived safety, cycling habits, and cost sensitivity interact
across different European mobility contexts [21,22]. Most existing studies focus on single
national contexts or generic active-travel populations rather than on the specific profiles
of current and potential e-bike users [23,24]. These cross-country studies on smart e-bike
acceptance have shown that behavioral intention is shaped by perceived usefulness, per-
ceived safety, and country-specific factors, confirming that technology adoption must
be interpreted in light of the surrounding mobility culture and infrastructure conditions.
However, direct comparative evidence focusing simultaneously on mobility habits, per-
ceived barriers, perceived usefulness of smart bicycle technologies, and willingness to pay
remains scarce.

This study addresses that gap through an explorative comparative empirical analysis
of user perceptions, mobility habits, and willingness to adopt smart bicycle technologies in
Italy and Poland, two EU member states sharing a common European policy framework but
differing markedly in cycling culture, infrastructure provision and road safety outcomes.

Italy records 60% of cyclist deaths from car collisions, among the highest in the EU,
and has a national target to reduce cyclist deaths by 45% by 2030 compared to 2019 [5].
Poland, by contrast, achieved a 6% average annual reduction in cyclist deaths between
2014 and 2024 [5] and exhibits higher rates of daily cycling and bicycle ownership. These
differences make the two countries a particularly revealing comparative case for examining
how national context shapes technology acceptance.

The data were collected using a validated structured questionnaire grounded in the
BSL framework and analyzed using descriptive statistics and inferential tests. The study
investigates three research questions: (i) whether mobility habits and cycling barriers differ
between the Italian and Polish samples; (ii) whether perceived usefulness of smart bicycle
technologies varies across the two contexts; and (iii) whether willingness to pay represents
a relevant constraint for the adoption of smart-equipped bicycles.

This paper is structured as follows: Section 2 presents the materials and methods;
Section 3 reports the comparative findings; Section 4 discusses the main results, policy impli-
cations, limitations, and future research directions; and Section 5 provides the conclusions.

2. Materials and Methods
2.1. Theoretical Framework

The survey instrument and the analytical interpretation of results are grounded in
the Bicycle Smartness Level (BSL) framework developed by Kapousizis et al. [7], which
classifies bicycles into six levels of technological sophistication, from BSL 0 (traditional
bicycles with no technological assistance) to BSL 5 (fully connected intelligent bicycles
integrated with urban traffic management systems) (Figure 1).

The BSL framework draws on the SAE automation levels for autonomous vehicles [8]
and on Alter’s smartness dimensions [9], providing a structured reference for assessing
the maturity and user acceptance of specific cycling technologies. For each BSL level, a
corresponding Technology Readiness Level (TRL) is identified, ranging from TRL 9 (com-
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mercially established) for BSL 0 to TRL 1 (mainly theoretical) for BSL 5. The six technology
categories assessed in Question 16 of the questionnaire (navigation systems, incident de-
tection, anti-collision technologies, monitoring systems, intelligent driver assistance, and
adaptive gear shifting, Figure 2) span BSL levels 1 through 4 and correspond to technologies
at TRL stages ranging from well-established (TRL 8) to prototype (TRL 3).

Figure 1. Bicycle Smartness Level Framework (our elaboration on [7]).

Figure 2. Technologies and integrated systems of e-bikes (Source: Author elaboration).

2.2. Research Design and Survey Instrument

This study adopts a cross-national comparative design using a structured, self-
administered questionnaire. The survey instrument was originally developed and vali-
dated in the context of a prior study on smart cycling technology acceptance conducted
in Italy [17] and subsequently administered without modification to a Polish sample by a
collaborating research team at the Gdańsk University of Technology. The use of an iden-
tical questionnaire in both national contexts ensures the comparability of responses and
constitutes the methodological foundation of the cross-national analysis.

The questionnaire was designed to collect data across three thematic domains: (i) travel
habits and transport mode preferences; (ii) awareness of and propensity toward technologi-
cal innovation in cycling; and (iii) socio-demographic characteristics. It comprised 24 items
organized into closed-ended questions, Likert-scale rating items, and multiple-choice ques-
tions allowing for more than one response. The Likert scales adopted a five-point format
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ranging from 1 (not at all/useless) to 5 (extremely/essential), consistent with established
practice in transport behavior and technology acceptance research [3,11,23,25–27].

The questionnaire was structured around three main analytical blocks. The first block
(Questions 1–8) investigated vehicle ownership, public transport subscription, sharing
mobility use, trip frequency by purpose, modal choice, and main trip distance. The second
block (Questions 9–19) examined the factors influencing daily transport mode choice,
current bicycle use, barriers to cycling, incentives for greater adoption, awareness of e-bike
technologies, perceived usefulness of integrated smart systems, the potential of technology
as a cycling incentive, preferred innovative technologies, and willingness to pay a price
premium. The third block (Questions 20–24) collected socio-demographic data, including
gender, age, place of residence, employment status, and level of education. The full
questionnaire structure is consistent with that reported in [17]. Although the two surveys
were conducted approximately one year apart (2025 in Italy, 2026 in Poland), the constructs
examined (i.e., established mobility habits, structural cycling barriers, and attitudes toward
emerging technologies) are slow-moving, and neither country experienced major policy
shocks, infrastructural changes, or shifts in e-bike pricing during the intervening period.
The temporal offset, due to research constrains, is therefore unlikely to have materially
affected the cross-national comparison, though it is explicitly acknowledged as a limitation.

2.3. Data Collection

Given the exploratory nature of the study and the recruitment strategy adopted, the
following two samples are intended to provide comparative insights into respondents
operating in different mobility contexts and cycling environments in Italy and Poland.
Accordingly, the results are interpreted in light of these methodological characteristics, and
the findings are discussed as exploratory evidence.

The Italian survey was administered in 2025 via Google Forms and disseminated
through multiple channels to ensure a heterogeneous and non-probabilistic sample. Distri-
bution relied on the FIAB Catania network (Italian Federation for the Environment and
Cycling), email dissemination, QR code deployment, and word-of-mouth strategies. This
approach enabled the collection of a heterogeneous convenience sample, including both
cycling-engaged respondents reached through the association network and members of
the general public less familiar with cycling as a daily transport mode. Data collection
was carried out in full compliance with applicable privacy regulations; participation was
voluntary and anonymous. A total of 56 valid responses were obtained.

The Polish survey was administered in 2026 using the same Google Forms instrument,
translated from Italian into Polish, by the research team at the Gdańsk University of
Technology. Dissemination followed an equivalent multi-channel approach targeting both
cycling-engaged populations and the general public. Participation was voluntary and
anonymous, in compliance with applicable data protection regulations. A total of 69 valid
responses were obtained. The two samples were recruited through different non-probability
recruitment channels and should therefore be regarded as exploratory samples drawn from
distinct sampling frames. Given the differences in recruitment procedures and the modest
sample sizes, neither sample can be considered statistically representative of its respective
national urban population. Consequently, any observed between-group differences should
be interpreted with caution, as they may reflect characteristics of the specific sampling
frames and urban contexts included in the study rather than broader national patterns.
The implications of these limitations are examined through the comparability analysis
presented in Section 3 and are consistent with the exploratory framing adopted throughout
the manuscript.
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2.4. Data Analysis

This section presents the comparative findings from two parallel surveys administered
in Italy (n = 56) and Poland (n = 69) using the same questionnaire. Accordingly the study’s
exploratory design and non-probabilistic sampling approach, the results highlight patterns,
differences, and associations emerging from the surveyed groups and provide exploratory
evidence on cycling behaviors, perceived barriers, and technology acceptance across the
two analyzed national contexts. Data were analyzed using Python 3.11.5 with the SciPy
library. Each subsection combines a descriptive account of the frequency distributions with
inferential statistical tests to assess the significance of inter-country differences. For ordinal
Likert-scale variables, the Mann–Whitney U test (MWU) was applied [28,29], reported
alongside the rank-biserial correlation r as effect size (|r| < 0.10 negligible, 0.10–0.29 small,
0.30–0.49 medium, ≥0.50 large). For categorical variables, Pearson chi-square (χ2) was
used. The significance threshold is α = 0.05.

Given the exploratory, hypothesis-generating purpose of the study and the limited
sample sizes, inferential tests were used to flag candidate inter-country differences rather
than to confirm hypotheses, and no formal correction for multiple comparisons was applied.
In total, 15 Mann–Whitney U tests (one on weekly cycling frequency, seven on cycling
barriers, six on the perceived usefulness of smart technologies, and one on willingness to
pay) and seven Pearson chi-square tests (on gender, age, employment, public transport
subscription, daily bicycle use, technology awareness, and technology as a cycling incentive)
were conducted, supplemented by two Fisher’s exact tests as small-sample robustness
checks. Accordingly, the significant differences reported below are interpreted jointly with
their effect sizes and should be read as exploratory signals warranting confirmation in
larger, probability-based samples.

3. Results
3.1. Socio-Demographic Profile and Mobility Habits
3.1.1. Gender Distribution

The gender composition of the two samples is broadly comparable (Table 1). Female
respondents represent 62.5% of the Italian sample (n = 35) and 58.0% of the Polish sam-
ple (n = 40). A chi-square test confirms that the difference is not statistically significant
(χ2(1) = 0.109, p = 0.741), indicating that both samples share a similar gender profile. In
this regard, gender composition is unlikely to explain the main cross-country differences
observed in this sample.

The two samples differ markedly in age and occupational composition (Table 1).
The Italian sample is older and professionally established—78.6% are over 50 and 41.1%
are teachers or academics, with no students—whereas the Polish sample is substantially
younger, with 60.9% aged 18–35 and 49.3% students. Both samples are predominantly
urban (83.9% and 87.0%, respectively), although the Italian respondents are concentrated
within a single metropolitan area (Catania and its surrounding municipalities) while
the Polish respondents are more geographically dispersed across several cities. These
compositional differences are directly relevant to the interpretation of the cross-country
comparisons, since age and occupational status are themselves associated with mobility
habits, cycling propensity, and openness to technological innovation; the comparative
findings should therefore be read as conditional on sample composition rather than as
differences attributable to national context alone.

Before comparing attitudes and behaviors across the two samples, their socio-
demographic comparability was assessed on four dimensions: age, employment status,
residence type, and weekly cycling frequency (Table 2).
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Table 1. Characteristics of respondents (*).

Characteristic Category Italy (n = 56) Poland (n = 69)

Gender Male 37.5% 42.0%
Female 62.5% 58.0%

Age Under 18 0.0% 2.9%
18–35 1.8% 60.9%
35–50 19.6% 29.0%

Over 50 78.6% 7.2%
Occupation Student 0.0% 49.3%

Teacher or professor 41.1% 8.7%
Office employee 17.9% 18.8%

Self-employed/professional 19.6% 5.8%
Manual worker 7.1% 8.7%

Other 14.3% 8.7%
Residence Urban 83.9% 87.0%

Small town/rural 16.1% 13.0%
(*) our elaboration on the collected data.

The two samples differ significantly in age (χ2 = 74.2, df = 3, p < 0.001) and in em-
ployment composition (χ2 = 47.5, df = 5, p < 0.001), the Italian sample being older and
dominated by teaching and professional occupations, and the Polish sample younger and
student-dominated. By contrast, the samples are statistically comparable in residence type,
being predominantly urban in both cases (Fisher’s exact p = 0.80), and in overall weekly
cycling frequency (Mann–Whitney U = 2080, p = 0.43).

The two groups are therefore broadly matched on urbanization and cycling intensity
while differing markedly in age and occupational profile—a configuration that must be
borne in mind when interpreting the comparisons that follow, since age and occupation are
themselves associated with mobility attitudes and technology acceptance.

3.1.2. Vehicle Ownership

Substantial differences emerge in vehicle ownership patterns between the two survey
samples. In the Italian one, private car ownership is notably high: 86% of respondents own
one or two cars, and only 2% own none. The Polish sample shows a broader distribution,
with 71% owning one or two cars and a higher share (9%) owning no car, suggesting
marginally greater reliance on alternative modes. Bicycle ownership patterns diverge
considerably. In the Polish sample, 38% of respondents own three or more bicycles, nearly
double the Italian figure of 20%, while only 7% own no bicycle at all, compared with 16% in
Italy. This may reflect a deeper-rooted cycling culture in Poland, consistent with the higher
bicycle ownership rates and shorter trip distances observed in the Polish sample.

Table 2. Socio-demographic comparability of the two samples (*).

Dimension Italy (n = 56) Poland (n = 69) Test p

Age predominantly
Over 50

predominantly
18–35 χ2(3) = 74.2 <0.001

Employment Teacher/professor
dominant

Student
dominant χ2(5) = 47.5 <0.001

Residence (urban %) 83.9% 87.0% Fisher’s exact 0.80

Weekly cycling
frequency (mean

code, 0–4)
1.02 0.97 Mann–

Whitney 0.43

(*) our elaboration on the collected data.
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3.1.3. Public Transport Use

Public transport subscription rates differ markedly and significantly between the
two survey samples. Only 10.7% of Italian respondents (n = 6) hold a bus or metro
pass, compared to 34.8% in Poland (n = 24). This difference is statistically significant
(χ2(1) = 8.542, p = 0.004, **). This may reflect differences in the urban mobility contexts
from which the two samples were selected. Specifically, this result points out the well-
documented structural weakness of public transport in Southern Italy and the stronger
integration of public transit in Polish urban centers.

3.1.4. Trip Frequency and Modal Choice by Purpose

For home–work commuting, Italian respondents show a higher frequency: 75% com-
mute three or more times per week, compared to 39% in Poland. Polish respondents report
a higher share of non-commuters (39% ‘never’ vs. 13% in Italy), possibly reflecting a greater
prevalence of remote or hybrid working arrangements or a different age-occupational
composition. Shopping and errands show moderate trip frequencies in both samples, while
leisure travel is broadly similar across the two survey samples.

The car or motorcycle remains dominant in both survey samples for commuting and
shopping, though the share is considerably higher in the Italian sample (71%) than in
the Polish sample (45%). In Poland, the modal split is more diversified: public transport
accounts for 13% of commuting trips and 20% of school/university trips, figures that are
negligible in Italy (2% each). Shared mobility services are used by up to 17% of Polish
respondents for leisure and school trips, whereas they are virtually absent in the Italian
sample. Bicycle use for leisure trips is the one domain where Italy approaches Polish levels
(38% vs. 19%), although Poland’s overall cycling modal share is higher when aggregated
across all purposes.

3.2. Cycling Behavior, Barriers, and Incentives
3.2.1. Current Bicycle Use

Daily bicycle use was reported by 31.9% of Polish respondents (n = 22) and 19.6% of
Italian respondents (n = 11). Although this represents a 12-percentage-point difference
between the two samples, the chi-square test was not statistically significant (χ2(1) = 1.796,
p = 0.180), likely reflecting the small subgroup sizes. Similarly, Fisher’s exact test did not
indicate a significant difference (p = 0.15). Consequently, while the observed proportion
of daily bicycle users was higher in the Polish sample, the available data do not provide
sufficient statistical evidence to conclude that the two samples differ in daily bicycle use.

The finding is nevertheless directionally consistent with the higher bicycle ownership
and shorter trip distances observed in the Polish sample.

3.2.2. Barriers to Cycling

Non-cyclist respondents were asked to rate seven barriers on a 1–5 scale (1 = not at all
discouraging, 5 = extremely discouraging). MWU tests reveal that safety-related barriers
are perceived significantly more severely in Italy (Table 3).

Effect sizes are reported alongside p-values so that the magnitude, and not only the
statistical significance, of each difference is considered, a particularly important safeguard
given the modest sample sizes.

The largest difference is recorded for traffic hazards: the Italian mean (4.02 ± 1.23)
far exceeds the Polish mean (2.51 ± 1.36), with a large effect size (p < 0.001, ***). Lack
of infrastructure and insecurity regarding other road users also differ significantly, with
Italian respondents rating both considerably higher.
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By contrast, individual-level barriers, such as purchase price, physical effort, comfort,
and travel time, show no significant inter-country difference (all p > 0.10), suggesting
that the principal obstacle to cycling in Italy is the perceived road environment rather
than personal or economic factors. In the Polish sample, the more uniform distribution
of barrier ratings across all categories suggests a more balanced, less safety-dominated
cycling-deterrence profile.

Table 3. Barriers to cycling (*).

Barrier Mean Italy Mean Poland p/sig.

Lack of infrastructure 3.52 2.53 0.001 **
Traffic hazards 4.02 2.51 <0.001 ***
Purchase price 2.14 2.43 0.251 ns
Physical effort 1.98 2.37 0.105 ns
Riding comfort 2.32 2.59 0.230 ns

Travel time 2.56 2.96 0.107 ns
Insecure road users 3.42 2.55 0.007 **

ns = not significant; ** p < 0.01; *** p < 0.001, (*) our elaboration on the collected data.

3.2.3. Incentives for Greater Bicycle Adoption

Both samples identify improving road safety and cycling infrastructure as the most
effective incentives for greater bicycle use (Table 4). In the Italian sample, road safety
improvement is cited by 84.1% of respondents, substantially more than in Poland (51.0%),
consistent with the higher perceived severity of traffic-related barriers documented in
the previous question. The demand for improved cycling infrastructure is highly valued
in both samples, with very similar shares in Italy (65.9%) and in Poland (63.3%), with a
negligible gap between the two survey samples. Secure bicycle parking is valued by 45.5%
of Italian and 34.7% of Polish respondents, while e-bike purchase subsidies attract moderate
interest in both samples (IT 36.4%, PL 30.6%). Improving bike-sharing systems receives
the lowest endorsement overall, though slightly more support in Poland (26.5%) than in
Italy (18.2%).

Table 4. Incentives for greater bicycle use (multiple answers allowed; % of total sample) (*).

Incentive Italy Poland

Improving road safety 84.1% 51.0%
Improving cycling infrastructure 65.9% 63.3%

Secure bicycle parking 45.5% 34.7%
Subsidies for e-bike purchase 36.4% 30.6%

Improving bike-sharing systems 18.2% 26.5%
(*) our elaboration on the collected data.

3.3. Awareness and Willingness to Adopt Smart Bicycle Technologies
3.3.1. Awareness of E-Bike Technological Innovations and Perceived Usefulness of
Integrated Technologies

Exactly half of Italian respondents (50.0%, n = 28) report familiarity with technological
innovations applied to e-bikes (GPS tracking, adaptive speed control, anti-collision systems,
assisted braking, etc.), compared to 33.3% in Poland (n = 23). The chi-square test is not
significant (χ2(1) = 2.898, p = 0.089, ns). All respondents rated six categories of smart
bicycle technology on a 1–5 scale (1 = useless, 5 = essential; Table 5). The results reveal
a consistent pattern: Polish respondents rate most technologies significantly higher than
Italian respondents. In Italy, the modal response across all categories is ‘moderately useful’
(rating 3), indicating a cautious or undecided stance consistent with lower familiarity.
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In Poland, the modal response shifts to ‘very useful’ (rating 4) across most categories,
suggesting that more regular cyclists place greater practical value on smart cycling features.
Four of the six comparisons are statistically significant, with three at p ≤ 0.001. The largest
effects are observed for monitoring systems (p < 0.001, ***, mean IT = 2.84 vs. PL = 3.57)
and adaptive gear shifting (p < 0.001, ***, mean IT = 2.66 vs. PL = 3.35), both comfort-
and performance-oriented technologies. Intelligent driver assistance (p = 0.006, **) and
navigation systems (p = 0.018, *) also differ significantly. Incident detection and anti-
collision technologies show no significant inter-country differences, with both samples
rating them around the ‘moderately useful’ midpoint, suggesting they represent a shared
baseline of interest regardless of cycling frequency.

Table 5. Perceived usefulness of smart bicycle technologies (*).

Technology Category Mean Italy Mean Poland p/sig.

Navigation systems 3.05 3.46 0.018 *
Incident detection 3.34 3.17 0.596 ns

Anti-collision technologies 3.29 3.12 0.615 ns
Monitoring systems 2.84 3.57 <0.001 ***

Intelligent driver assistance 2.79 3.35 0.006 **
Adaptive gear shifting 2.66 3.35 <0.001 ***

ns = not significant; * p < 0.05; ** p < 0.01; *** p < 0.001, (*) our elaboration on the collected data.

3.3.2. Most Interesting Technologies

When asked to identify the most appealing innovative technologies (multiple answers
allowed), Italian and Polish respondents display different priority profiles (Figure 3). Italian
respondents show the strongest interest in radar systems for obstacle and vehicle detection
(75.0%), followed by navigation and GPS systems (60.7%) and braking assistance (51.8%).
This preference hierarchy is dominated by safety technologies, consistent with the high
safety-related barriers previously reported. In Poland, navigation and GPS systems lead
(56.5%), but the preference profile is more balanced: braking assistance and adaptive cruise
control both attract 43.5%, considerably higher than in Italy (51.8% and 14.3%, respectively),
while radar interest is much lower (36.2%). This suggests that Polish respondents, being
more regular cyclists with lower safety concerns, give greater relative weight to comfort
and convenience technologies alongside safety-critical ones.

Figure 3. Interest in innovative smart bicycle technologies. (*) Our elaboration on the collected data.
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3.3.3. Technology as an Incentive for Cycling and Willingness to Pay

Respondents were asked whether innovations in smart technology could incentivize
greater bicycle use. The chi-square test reveals a significant difference in the distribution of
responses (χ2(2) = 11.083, p = 0.004, **). In Italy, 44.6% respond ‘yes, definitely’ and 35.7%
‘yes, but only if the cost were affordable’, while 19.6% prefer other modes regardless. In
Poland, the pattern is reversed: unconditional acceptance is much lower (21.7%), while
cost-conditional acceptance dominates (65.2%), and only 13.0% prefer other modes.

Overall, approximately 80% of Italian respondents and 87% of Polish respondents
recognize technology’s potential as a cycling incentive, but the nature of that acceptance
differs significantly. Italian respondents are more unconditionally enthusiastic; Polish
respondents predominantly condition adoption on affordability. This implies that in the
Italian sample, technological innovation per se may drive uptake, whereas in the Polish
one, cost reduction mechanisms (i.e., subsidies, financing schemes, or economies of scale)
represent the critical enabling factor.

Willingness to Pay (WTP) for a smart-equipped bicycle is limited in both survey
samples, with the modal response in the €0–200 range. In Italy, 48.2% are willing to pay up
to €200 extra, 16.1% up to €500, and 8.9% over €500, while 26.8% decline to pay any extra.
In Poland, 40.6% accept up to €200, 17.4% up to €500, no respondent accepts over €500, and
42.0% would pay nothing extra. The distribution of responses is shown in Figure 4.

 
ITALY POLAND 

Figure 4. Willingness to pay a price premium for smart-equipped bicycles by country. (our elaboration
on the collected data).

The MWU test does not reach statistical significance (p = 0.056), indicating that the
ordinal WTP distributions are not significantly different at the α = 0.05 level. However,
the substantially higher share of ‘nothing extra’ in Poland (42.0% vs. 26.8%) and the
complete absence of WTP above €500 in the Polish sample are substantively noteworthy
and corroborate the strong cost sensitivity. Together, these findings suggest that €200
represents a practical adoption ceiling in both markets, with Poland exhibiting a sharper
threshold. To examine whether attitudes toward smart e-bike technologies varied with
respondent age, Spearman rank correlations were computed separately for each country
between age band and two outcomes: the mean perceived usefulness of the integrated
e-bike technologies (Question 16) and the stated willingness to pay a premium for a
technologically equipped bicycle (Question 19) (Table 6).

Table 6. Spearman rank correlations between respondent age and attitudes toward smart e-bike
technologies, by country (*).

Outcome Italy (n = 56) ρ (p) Poland (n = 69) ρ (p)

Perceived usefulness −0.07 (0.63) −0.12 (0.33)
Willingness to pay −0.00 (0.98) −0.29 (0.014 *)

ns = not significant; * p < 0.05; ** p < 0.01; *** p < 0.001, (*) our elaboration on the collected data.
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Perceived usefulness showed no significant association with age in either country
(Italy: ρ = −0.07, p = 0.63; Poland: ρ = −0.12, p = 0.33), indicating that the appreciation of
the functional value of these technologies was broadly shared across age groups.

Willingness to pay, by contrast, was significantly and negatively associated with age
in the Polish sample (ρ = −0.29, p = 0.014): younger Polish respondents were willing to pay
more for a technologically equipped bicycle, with the mean willingness-to-pay category
declining from the 18–35 group through to respondents aged over 50, who on average
reported no willingness to pay a premium.

No significant age gradient emerged in the Italian sample (ρ = −0.00, p = 0.98); this null
result should, however, be interpreted with caution, since the Italian sample was strongly
concentrated in the over-50 age group (44 of 56 respondents), leaving limited age variance
with which to detect such an effect.

4. Discussion
4.1. Safety, Cycling Maturity, and Affordability as Adoption Drivers

This study set out to examine whether and how the two surveyed urban samples,
recruited from distinct sampling frames in Italy and Poland, differ in the perception and
acceptance of smart bicycle technologies among current and potential cyclists; the two EU
member states share a common policy framework under the EU Declaration on Cycling [4]
and the Vision Zero ambition [5], yet differ substantially in their cycling cultures, mobility
infrastructures, and road safety profiles. The results suggest that these differences are not
merely incidental but reflected in users’ attitudes, barriers, and technology preferences,
with implications for both research and practice.

The most consistent and statistically robust finding across our two samples concerns
the role of perceived safety as a barrier to cycling in the Italian sample. Traffic hazards, lack
of infrastructure, and insecurity regarding other road users are all rated significantly more
severely by Italian respondents than by Polish respondents (all p < 0.01, medium-to-large
effect sizes), and road safety improvement is cited as the primary cycling incentive by
84.1% of the Italian sample. This pattern aligns with the macro-level evidence reported in
the ETSC PIN Flash 50 [5], which places Italian respondents among the countries with the
highest share of cyclist deaths resulting from collisions with motor vehicles (60%), and with
the findings of Cafiso et al. [30] and Torrisi et al. [17] on the determinants of perceived cy-
cling risk in the Mediterranean urban context. Together, these results suggest that contexts
characterized by high car dependence, perceived safety concerns, and inadequate cycling
infrastructure, such as the Italian context analyzed here, the adoption of smart cycling tech-
nologies, however promising in principle, is unlikely to drive significant modal shift unless
preceded or accompanied by structural improvements to the road environment. The survey
highlights a car-oriented culture in both Italy and Poland, albeit with slight differences
attributable to regional specificities. It is clear that the choice of transport mode can vary
depending on the quality of infrastructure, the availability of vehicles, but also—and above
all—on cultural factors [31]. Indeed, cultural and structural barriers have a significant
impact on mobility habits. In Northern European countries, as various studies have shown,
the bicycle ranks second among the preferred modes of transport [31]. In other European
countries, however, there is a high level of car dependency among citizens, attributed both
to a car-oriented culture and to limited infrastructure, [32–35] as well as to the limited
effectiveness of public transport. Technology cannot substitute for infrastructure; it can only
complement it once a minimum threshold of perceived safety is reached. In Poland, the
picture is different in important ways. Polish respondents cycle more frequently, own more
bicycles, and report fewer safety-related barriers, consistent with the country’s average
annual reduction of 6% in cyclist deaths between 2014 and 2024 [5,36] and with the greater
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development of urban cycling networks in cities such as Gdańsk [37]. Importantly, Polish
respondents attribute significantly higher practical value to smart cycling technologies,
particularly those enhancing comfort and performance (monitoring systems, adaptive
gear shifting, and intelligent driver assistance) rather than exclusively safety-critical fea-
tures. This finding is consistent with TAM-based predictions [17]: users who are already
comfortable cycling are better positioned to evaluate the added value of technological
enhancements beyond basic safety, and their assessments are therefore more differentiated
and more favorable.

Taken together, these patterns are consistent with a sequential pathway in which
cycling maturity shapes perceived safety, which in turn shapes the valuation of smart
technologies. Greater cycling experience and exposure, reflected in the higher cycling
frequency, bicycle ownership, and lower safety-related barriers observed in the Polish
sample, may attenuate the perception of cycling as a hazardous activity. As perceived
risk recedes, the evaluative frame for smart technologies appears to shift: users who
no longer regard safety as the binding constraint are better positioned to appreciate the
incremental value of comfort- and performance-oriented features, whereas users for whom
perceived risk remains salient, as in the Italian sample, continue to prioritize safety-critical
technologies. This interpretation is coherent with TAM-based reasoning, in which perceived
usefulness is contingent on the user’s experience and on the salience of the need the
technology addresses.

It must be emphasized, however, that the cross-sectional and exploratory design
supports associational rather than causal inference. The proposed pathway is therefore
advanced as a plausible mechanism consistent with the observed data, not as a demon-
strated causal sequence. Alternative explanations cannot be excluded: the direction of
influence may be partly reversed, with prior interest in specific technologies encouraging
more frequent cycling, and unobserved contextual factors may jointly drive both perceived
safety and technology valuation, acting as confounders rather than as links in a single
causal chain.

The implication is that cycling maturity may increase the perceived usefulness of
smart bicycle technologies, particularly when these technologies are framed not only as
safety devices but also as tools improving comfort, performance, and the overall riding
experience. Cost sensitivity emerges a key cross-national moderator of technology accep-
tance. Although 80–87% of respondents in both survey samples acknowledge the potential
of smart technologies as a cycling incentive, the nature of that acceptance differs between
the two samples: Italian respondents are more unconditionally enthusiastic (44.6% “yes,
definitely”), while Polish respondents predominantly condition adoption on affordability
(65.2% “yes, but only if the cost were affordable”). Willingness to pay converges in the
€0–200 range in both samples, with no Polish respondent willing to pay more than €500.
These findings reinforce the argument that the current commercial positioning of smart
e-bikes, which typically retail at price points well above conventional bicycles, represents
a significant barrier to mass adoption, and that public subsidy schemes, tax incentives,
and shared ownership models may be important levers for diffusion, particularly in price-
sensitive markets. The perception of safety also significantly influences willingness to
pay, as noted in other studies [38,39]. This is consistent with the broader evidence on
e-bike adoption cited in Kapousizis et al. [7,16,21], which identified a willingness to pay
of approximately €248 for smart bicycle technologies, and with the EU funding priorities
for cycling infrastructure and active mobility investments outlined in the Declaration on
Cycling progress report [4].

The contrast between the two outcomes is informative. The perceived usefulness of
smart e-bike technologies appears to be largely independent of age, suggesting that their
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functional appeal is recognized across generations. Willingness to pay for them varies:
in the Polish sample, it declines significantly with age, consistent with the interpretation
that younger users are not only more receptive to technological innovation but also more
prepared to bear its costs. This divergence between recognizing usefulness and willingness
to pay for it reinforces the distinction, central to technology-acceptance reasoning, between
perceived usefulness and actual adoption intention, and suggests that affordability, rather
than perceived value, may be the binding constraint on uptake among older, more price-
sensitive users. The absence of an equivalent gradient in the Italian sample is most plausibly
attributable to its narrow age range rather than to a genuine absence of the effect, and the
question therefore warrants re-examination in more age-balanced samples.

4.2. Implications for Smart Cycling Policies and Technology Adoption

Before drawing out the policy implications, it is important to delimit what the present
study can and cannot support. The survey provides descriptive, cross-sectional evidence on
how perceived barriers, safety perceptions, and the valuation of smart e-bike technologies
are distributed and associated within two specific urban samples. It does not, by design,
establish that particular interventions would cause changes in cycling behavior, nor that
the patterns observed would hold at national scale. The policy directions discussed below
are therefore offered as interpretive hypotheses, consistent with the BSL framework and
with prior evidence, rather than as conclusions demonstrated by our data.

Taken together, these findings contribute to the growing body of literature on cross-
national variation in cycling behavior and technology acceptance [40–43], by providing
exploratory comparative evidence on how perceived safety, cycling maturity, and afford-
ability interact in shaping smart cycling acceptance. They also carry potential implications
for the design of national and European cycling policies. The EU Declaration on Cycling [4]
and SDG 11 [25] provide a common normative framework, but the pathways to smart cy-
cling adoption are likely to be context-dependent: infrastructure and road safety investment
appear to be necessary complements to technology promotion in contexts like Southern
Italy, while cost reduction mechanisms and targeted subsidies may represent important
enabling conditions in markets like Poland where cycling is already culturally embedded.

From a policy perspective, these results suggest that smart cycling strategies should
not focus exclusively on technological innovation. In contexts where perceived traffic risk
remains high, smart technologies should be integrated with measures aimed at improving
road safety, continuity of cycling infrastructure, and protection from motorized traffic. In
contexts where cycling is already more common, technology-oriented incentives may be
more effective if they address affordability and demonstrate the practical value of smart
features for everyday cycling [44,45].

From a market and technology-development perspective, the results indicate that users
may recognize the usefulness of smart bicycle technologies while remaining unwilling to
absorb a substantial price premium. This gap between perceived usefulness and willingness
to pay suggests the relevance of public subsidies, leasing schemes, shared ownership
models, and integration with bike-sharing or mobility-as-a-service platforms.

Concrete precedents indicate that such investment can yield rapid and measurable
results even in car-oriented Mediterranean settings. In Seville, the construction between
2006 and 2011 of a continuous, segregated, and homogeneous network of cycle paths raised
cycling from approximately 0.5% to around 6% of all urban trips within five years, while the
crash risk per cyclist declined as cycling volumes grew, in line with the safety-in-numbers
hypothesis [46]. This experience is particularly instructive for the high-motorization South-
ern European context represented by the Italian sample, in which the perceived road
environment, rather than personal or economic factors, emerged as the principal deter-
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rent to cycling, since it demonstrates that targeted, protected infrastructure can shift both
behavior and the perception of safety within a short time horizon.

On the affordability side, financial incentive schemes offer complementary evidence.
Sweden’s 2018 national e-bike subsidy, covering 25% of the purchase price up to a fixed ceil-
ing, increased e-bike sales by roughly 70%, with around two-thirds of recipients reporting
that they would not have purchased an e-bike without it and with an observed substitution
of cycling for car use [47]. Evidence of this kind suggests that targeted purchase subsidies
can meaningfully lower the adoption threshold in price-sensitive markets, such as the Pol-
ish sample, where willingness to pay for technologically enhanced bicycles was particularly
constrained. At the same time, the same evaluations caution that the economic case for
such schemes rests not on carbon savings alone but on their combined health, congestion,
and market-stimulation benefits, and that rigorous longitudinal assessments of their ef-
fectiveness remain comparatively scarce, a caveat consistent with the exploratory framing
of the present study. At the national level, Italy’s Ecobonus scheme for low-emission and
active-mobility vehicles represents a domestic instance of this lever.

Taken together, these findings also bear on the environmental sustainability rationale
that motivates smart cycling, although only tentatively. To the extent that smart e-bike
technologies lower the perceived effort- and safety-related barriers to cycling, they may
facilitate a modal shift away from private motorized transport and thereby support the
reductions in transport-related greenhouse gas emissions targeted by the EU Sustainable
and Smart Mobility Strategy and the European Declaration on Cycling [4]. The subsidy
evidence reviewed above, in which increased e-bike uptake was accompanied by an
observed substitution of cycling for car use [48], is consistent with such environmental co-
benefits, alongside associated health, congestion, and accessibility gains. These implications
should, however, be read with the same caution as the rest of the analysis: the present study
captures stated perceptions and willingness to pay rather than realized travel behavior or
emissions outcomes, and any modal shift or decarbonization benefit would materialize
only if adoption were achieved at a scale well beyond that represented by these two
exploratory samples.

4.3. Limitations and Future Research

Several limitations of this study must be acknowledged. First and most importantly,
the sample sizes, while adequate for exploratory comparative analysis, are relatively
small, particularly for the Italian sample. Moreover, the recruitment strategy was non-
probabilistic; therefore, the findings should not be interpreted as statistically representative
of the Italian and Polish populations. This limits statistical power for subgroup analyses
that would enrich the interpretation of the results. The non-significant chi-square result
for daily bicycle use (p = 0.180), despite a 12-percentage-point gap between the two survey
samples, is a direct consequence of this limitation and illustrates the risk of Type II errors
in underpowered comparisons.

Secondly, the survey’s cross-sectional design captures attitudes and perceptions at
a single point in time and cannot establish causal relationships between variables. The
finding that Polish respondents attribute higher utility to smart technologies, for instance,
is consistent with a cycling experience effect, but the survey design does not allow this
interpretation to be confirmed. Longitudinal studies or natural experiments, for example,
tracking technology acceptance before and after the introduction of a subsidized e-bike
scheme, would provide stronger causal evidence. In particular, the hypothesized pathway
linking cycling maturity, perceived safety, and the valuation of smart technologies could
be tested directly through mediation analysis on larger, probability-based samples, with
perceived safety modeled as a mediator between cycling experience and perceived use-
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fulness. Longitudinal or quasi-experimental designs would help establish the direction of
these relationships and distinguish genuine experience effects from selection effects.

Third, the questionnaire was administered in the native language. While the instru-
ment was designed to be linguistically simple and the Likert-scale format is relatively
robust to translation effects, minor differences in the interpretation of individual items
across language versions cannot be ruled out, and this should be noted as a caveat when
comparing specific percentage distributions. Despite these limitations, the study makes a
meaningful contribution by providing the comparative empirical analysis of smart cycling
technology acceptance between Italy and Poland, grounded in the BSL framework [7]
and validated against macro-level road safety evidence [5]. The findings open several
productive avenues for future research. Extending the comparative design to additional
EU member states, particularly contrasting Northern European high-cycling countries with
Southern and Eastern European low-cycling contexts, would allow the national context
effects identified here to be tested more rigorously and would support the development
of typologies of smart cycling adoption readiness across Europe. Future research should
therefore integrate objective, GIS-based bikeability and infrastructure indicators [17] with
observed risk assessments [18] and the survey-based perception data used here, so that
the independent contributions of actual infrastructure quality and perceived safety to
smart cycling acceptance can be properly disentangled. Finally, as BSL 4 and BSL 5 tech-
nologies approach commercial readiness, replication studies that track the evolution of
awareness, utility perceptions, and willingness to pay over time will be essential for moni-
toring whether the cost barrier identified in this study recedes as smart cycling technologies
mature and scale.

A further limitation concerns the exclusively perception-based nature of the data. The
analysis relies on respondents’ subjective assessments of cycling barriers, safety, and the
usefulness of technology and does not incorporate objective, georeferenced measures of
infrastructure provision or bikeability. As a consequence, the design cannot fully disen-
tangle the effect of perceived conditions from that of the actual infrastructure available in
each context: the more severe safety-related barriers reported by Italian respondents may
reflect genuinely poorer or more discontinuous cycling infrastructure, a stronger subjective
sensitivity to risk, or, most plausibly, a combination of the two. It should be noted, however,
that perceived safety is itself a behaviorally decisive construct, shown to govern cycling
uptake more strongly than infrastructure provision alone [18,19], so that the perceptions
captured here are of direct relevance to mobility behavior and policy independently of the
underlying objective conditions. Moreover, the macro-level road-safety evidence used as
an external reference [5] is broadly consistent with the subjective patterns observed—Italy’s
high share of cyclist fatalities from collisions with motor vehicles and Poland’s sustained
reduction in cyclist deaths mirror the respective barrier profiles—suggesting that the re-
ported perceptions are not free-standing but align with objective safety outcomes at the
national level.

An additional limitation concerns the demographic composition of the two samples.
As shown in the descriptive statistics, the Italian and Polish respondents differ substan-
tially in characteristics such as age and occupational status. These differences may have
influenced the reported attitudes toward cycling, perceptions of barriers, and evaluations
of smart cycling technologies. For example, age has been associated with variations in
technology acceptance, risk perception, and travel behavior, while occupational status
may affect mobility needs, trip purposes, income constraints, and willingness to adopt
new technologies. Consequently, some of the cross-sample differences observed in this
study may reflect demographic composition effects rather than differences attributable
solely to national context. Given the limited sample sizes, it was not possible to conduct
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sufficiently powered stratified or multivariate analyses to isolate the independent contribu-
tion of these factors. Future studies should seek to improve comparability through quota
sampling, matching procedures, or multivariate modeling that controls for demographic
characteristics such as age, occupation, gender, income, and cycling experience.

The cross-sample contrasts reported in this study are interpreted as exploratory pat-
terns that may reflect the sampling frames and urban contexts sampled rather than as
differences between Italy and Poland as such. The two cities differ in cycling culture, in-
frastructure, and topography, and these contextual factors are confounded with nationality
in the present design. The findings should therefore be read as hypotheses about how
sampling frame and urban context shape cycling attitudes and technology acceptance, to
be confirmed in studies with strengthened representativeness; for example, through quota
sampling on age and occupation, harmonized recruitment channels across countries, or the
deliberate matching of urban contexts of comparable size and cycling maturity.

5. Conclusions
Smart cycling can be seen as a key strategy in the transition towards sustainable urban

mobility, as it links digital innovation, active mobility and policy programs aimed at climate
change mitigation. Within the framework of SDG 11 “Sustainable Cities and Communities”
and, in particular, Target 11.2, which calls for safe, affordable, accessible, and sustainable
transport systems for all, cycling represents a low-emission and inclusive mobility [48] op-
tion capable of improving urban accessibility whilst reducing environmental externalities.

This study provided exploratory comparative evidence on the acceptance of smart
bicycle technology in two survey samples from Italy and Poland. By jointly considering
mobility habits, perceived cycling barriers, perceived usefulness of smart technologies, and
willingness to pay, the analysis highlights that smart cycling adoption is shaped by the
interaction between safety conditions, cycling familiarity, and affordability.

Three main conclusions can be drawn. First, in the Italian sample, perceived traffic
risk and inadequate cycling infrastructure emerge as central barriers, suggesting that smart
bicycle technologies should be framed as complementary to road safety and infrastructure
improvements rather than as stand-alone solutions. Second, in the Polish sample, the
higher perceived usefulness of comfort- and performance-oriented technologies suggests
that greater cycling familiarity may increase the perceived value of smart features. Third,
willingness to pay remains limited in both samples, suggesting that affordability is likely to
be a decisive factor in the wider diffusion of smart-equipped bicycles.

In achieving SDG 11 “Sustainable Cities and Communities”, sustainable mobility
policies, in general, and those relating to cycling and smart mobility, in particular, will
undoubtedly be key factors for success. Indeed, e-bikes are emerging as a strategic transport
alternative because they are environmentally friendly, require minimal effort to reach a suit-
able speed and tackle inclines, and offer shorter journey times than traditional bicycles [15].

In this context, the integration of smart technologies (such as sensor-based infrastruc-
ture, data-driven traffic management, and digital mobility platforms) further amplifies the
potential of cycling by improving safety, efficiency, and user experience, thereby supporting
a modal shift from private motorized transport to active modes. This aligns closely with
the European Union’s Sustainable and Smart Mobility Strategy, which targets a substantial
reduction in transport-related greenhouse gas emissions and promotes a systemic transition
towards multimodal, zero-emission mobility systems. Moreover, recent policy develop-
ments, including the EU Urban Mobility Framework and the 2024 European Declaration
on Cycling, explicitly recognize cycling as a key pillar of urban transport planning, empha-
sizing the need for integrated infrastructure, enhanced connectivity with public transport,
and inclusive mobility solutions.
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According to some authors [49], smart cycling should be regarded as a socio-technical
system that requires careful coordination between digital innovation, spatial planning and
social inclusion. According to this approach, therefore, cycling mobility can contribute
to achieving the objectives of SDG 11 “Sustainable Cities and Communities”, not only by
reducing emissions and improving urban health outcomes, but also by addressing key
social aspects linked to the social dimension of sustainability, such as accessibility, data
governance and spatial justice [50], that are central to the transitions towards sustainability
in European cities.

The results suggest that the adoption of smart cycling cannot be interpreted solely
as a matter of technological readiness. It also depends on the mobility context in which
technologies are introduced, the perceived safety of cycling environments, and the economic
accessibility of smart-equipped bicycles. Future research should test these findings on larger
and more diverse samples and integrate perception-based data with objective measures of
cycling infrastructure and bikeability.
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