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Abstract: While the role of safe riding behavior as a safety contributor for cyclists has been increasingly
studied in recent years, there have been few studies analyzing cycling behavior in relation to crash-
related outcomes. Indeed, to the best of our knowledge, this is the first time this issue has been
addressed in the case of Latvia. Aim: The objective of this study was to assess the relationships
among self-reported cyclists’ behavior, traffic safety literacy, and their cycling crash involvement
rates. Method: A total of 299 cyclists aged M = 32.8 from across Latvia participated in an online
survey, which included questions regarding respondents’ demographics, frequency of riding, cycling
behaviors, and the number of crashes in the previous five years. The Cycling Behavior Questionnaire
(CBQ) and the Cyclist Risk Perception and Regulation Scale (RPRS) were applied to assess cyclists’
behavior patterns and traffic safety literacy. Results: According to the findings, it can be inferred
that cyclists frequently engage in riding errors and traffic violations while cycling. Those who exhibit
more anti-social behavior (such as traffic violations and riding errors) patterns are also more likely to
be involved in road crashes. Conversely, cyclists with greater positive behavior rates more often also
tend to possess better knowledge of traffic rules and exhibit a heightened risk perception, indicating
a greater awareness of road traffic safety. Conclusions: This study underscores key age differences,
with older individuals significantly less involved in riding crashes, exhibiting fewer driving errors
and a higher level of risk perception, which serves as a relevant factor in road safety. At the practical
level, these results stress the need to address both traffic safety literacy and protective cycling factors
of cyclists, to improve overall road safety and promote active transport modes in Latvia.
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1. Introduction

For many residents of Latvia, cycling to work is becoming increasingly popular each
year, offering a range of benefits. This trend is not limited to working adults but also extends
to students who are increasingly using bicycles as a mode of transport. Cycling is widely
recognized for promoting physical activity, being environmentally friendly, contributing to
sustainability, and being cost-effective, while also improving individuals’ health [1]. Recent
studies highlight the significance of ensuring sufficient and safe infrastructure as well as
user-friendly environments in both smaller, middle, and larger urban areas to foster the
sustained growth of cycling as a transportation mode and ensure its longevity in the mid
and long term [2,3]. However, the safety of cyclists on Latvia’s roads remains a significant
concern, as in most countries around the world.

At a global level, and despite countless previous widespread actions (most of them
predominantly infrastructural) conducted over the last two decades, the safety outcomes of
cyclists remain considerably concerning. According to data compiled by the World Health
Organization (WHO), approximately 41,000 cyclists die in road crashes annually. By 2030,
the WHO aims to halve the number of minor cases [4]. However, it must be noted that,
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in recent years, the decrease in the number of accidents has not been sufficiently positive.
While there has been a reduction in cycling accidents, the pace and extent of this reduction
have not met the expected or necessary levels to make a significant impact. According to
statistics compiled by the Road Traffic Safety Directorate (CSDD) on accidents involving
vulnerable road users in 2023, there were 503 registered injuries involving cyclists in Latvia,
with 37 cyclists severely injured and 14 fatalities. Alarmingly, this represents an increase
compared to previous years, particularly since 2021, indicating a growing safety challenge
for cyclists on Latvian roads [5].

Overall, the existing literature seems to uniformly encourage researchers, policymak-
ers, and practitioners to urgently address this issue and take action to ensure safer and
more sustainable road mobility for cyclists. Indeed, this is one of the top priorities today
if the current Sustainable Development Goals (SDGs), especially those related to more
inclusive and sustainable cities, are considered [4]. Moreover, based on the existing body
of applied research, the main causes of these crashes include, in addition to inadequate
infrastructure issues, a range of behavioral factors: cycling under the influence of alcohol or
other substances, disregarding road traffic regulations, engaging in distracting dynamics,
often related to emerging technologies, and neglecting to wear protective helmets, which,
while not preventing crashes, reduce their severity.

Overall, the high prevalence of all the aforementioned user behavior-related issues
have made growingly evident unaddressed connections between infrastructure quality
and cyclist behavior on the road, both of which significantly impact cycling safety out-
comes [2]. Consequently, in recent years, researchers have shown an increasing interest in
understanding the roles of both risky and protective cyclist behavior and how the increases
or reductions in traffic crashes involving them contribute to promoting this sustainable but
sometimes “feared” means of transport [6].

1.1. Cycling Safety-Related Discouragers, Challenges, and Behavioral Affairs

As aforementioned, an elevated crash risk (or a perception of it) associated with cycling
as a mode of transportation might discourage people from using bicycles, especially on a
regular basis [6,7]. Some studies highlight that, when comparing accident rates and out-
comes between cyclists and car drivers, cyclists face a higher risk of fatality when involved
in a crash [8,9]. Therefore, addressing crash-related perceptions, causes, and dynamics, as
well as developing solutions to mitigate them, has been argued as a beneficial action to
both enhance cyclists’ safety on the roads and promote non-cyclists’ engagement in active
transportation means. However, it must be acknowledged that researchers still highlight a
lack of empirical research on the most significant factors influencing self-governance for the
promotion of cyclists’ safety [10–12]. This includes not only infrastructure but also other
influential factors.

Also, and as pointed out in systematic review papers such as Oja et al.’s [1], it is
undeniable that cycling safety depends not only on external factors, such as infrastructure,
but also on the behavior and actions of bicycle riders themselves, thus suggesting the need
for developing further and better research to focus on variables directly influencing cyclists’
behavior and the related aspects. This has led researchers to increasingly pay attention to
the study of these factors and the association of various variables with the likelihood of road
crashes involving cyclists. Recent studies show that a significant proportion of them are
directly caused by risky or reckless behaviors performed by the users themselves [13,14].

A review of risky cycling behaviors among cyclists includes illegal the occupancy
of vehicle lanes, speeding, running red lights, illegal carrying, and riding in the opposite
direction [15]. It has been established that the behavior of road users is among the foremost
factors posing a potential threat and serving as a predictor of road traffic accidents for
cyclists [16]. Studies indicate that accidents on the road are often linked to negative and
risky behaviors among cyclists, such as cycling in the opposite direction, disregarding road
signs or signals, and distracted cycling [12,17].



Safety 2024, 10, 97 3 of 18

In research, traffic safety literacy is often more emphasized and applied to car drivers,
yet it holds equal importance among cyclists. In the context of this study, traffic safety literacy
refers to cyclists’ knowledge of traffic rules and their perception of risks. Chen et al. [18]
highlight the significance of enhancing literacy to address traffic issues and note that much of
the research on traffic literacy primarily investigates factors influencing traffic accidents and
safety. For instance, in a recent study by Useche et al. [2] which compared the behavior and
safety aspects of cyclists across urban environments of varying sizes, it was discovered that
city size positively correlated with instances of traffic violations, cycling errors, and cycling
crashes. This implies that, in cities with more extensive and complex infrastructure, cyclists’
traffic safety literacy becomes an especially relevant factor in safety assessments.

Similarly, previous research conducted in other countries supports the role of knowing
road rules and developing suitable risk perception as key safety-related factors. For instance,
a recent study examining perceived risk levels among cyclists and motorists concludes that
cyclists’ perceived risk is closely linked to both errors of ignorance and the consequences
of violations themselves. According to the findings, inattention was associated with the
perceived risk level, while cyclist traffic violations were linked to a tendency towards risky
behavior [19]. All in all, the results of previous studies support the critical significance of
cyclists’ traffic safety literacy in increasing their riding safety. From a theoretical point of
view, this can be translated to the assumption that understanding and knowing traffic rules,
as well as being aware of potential risks, may reduce the statistical likelihood of becoming
involved in both cycling and non-cycling traffic crashes on top of strengthening cyclists’
safety [16,20].

Nevertheless, there is still relatively little empirical research on cyclists’ behavior and
its relationship with safety in geographical areas such as the Baltic States [21]. In Latvia,
safety considerations for cyclists receive insufficient attention and are not prioritized in
road safety policies. Latvian researchers Kreicbergs et al. highlight in their study that
Latvia remains one of the countries in the European Union with the highest number of road
traffic fatalities per capita. By analyzing various aspects of road safety and recent statistical
data, including those on cyclists, the above study identified several contributing factors to
the high number of vulnerable road users among the deceased and seriously injured. These
factors included issues related to road infrastructure, specific behavioral challenges among
road users, and gaps in the regular collection of traffic data for safety analysis [22]. Unlike
Kreicbergs’s study, which primarily focused on statistical data and infrastructure-related
causes, this research adopts a different methodological approach, concentrating on cyclist
behavior through self-reported data to better understand behavioral patterns and their
relationship with crash occurrences. At a practical level, identifying cyclists’ behavior and
its correlation with road traffic crashes could raise awareness among both cyclists and the
public regarding the gravity of this issue.

1.2. Study Aim and Hypothesis

Bearing in mind the aforementioned considerations, the scarcity of similar empirical
research in the region, and the possible contribution of a cycling safety-related case study
in Latvia for both road safety practitioners and policymakers, this study aimed to assess the
relationships among self-reported cyclist behavior, traffic safety literacy, and their cycling
crash involvement rates.

As for what could be hypothesized on the basis of the existing literature, we expected
to find significant relationships between risky cycling behaviors and safety outcomes
self-reported by Latvian cyclists, as well as a lesser rate of safety-related cycling incidents
among those bicycle riders with greater indexes of traffic safety literacy and positive cycling
behaviors (Hypothesis 1). Moreover, based on the aforementioned theoretical insights
provided by the preceding literature, this study added the directional hypothesis that traffic
safety literacy would have a statistical effect on the actually reported (risky and protective)
cycling behaviors of Latvian cyclists (Hypothesis 2).



Safety 2024, 10, 97 4 of 18

2. Materials and Methods
2.1. Participants

This study, conducted across different regions of Latvia, involved a sample of
299 cyclists who filled out an online survey. The sample of this study consisted of cy-
clists between 18 and 76 years of age with a mean age of M = 32.80 (SD = 13.21) and a
median age of 31, from the following Latvian cities: Riga (52.5%), Jurmala (4.3%), Jelgava
(3.3%), Liepaja 3.3%), Ventspils (3.0%), Sigulda (2.7%), Ogre (2.7%), Valmiera (2.7%), and
other cities (25.4%). Among the 299 participants, 124 identified as female (41.5%), 173 as
male (57.9%), and 2 as non-binary (0.7%).

As for the participants’ educational attainment features, the majority of the participants
had higher education degrees (61.5%), while some had secondary school education (24.4%)
and professional education levels (13.4%). Only 2 participants had a primary school
education level or lower, representing 0.7% of the study sample. Regarding their current
occupation, the majority of the research respondents reported being employed (47.2%)
or students (35.5%). The remaining participants were self-employed (8.0%), unemployed
(2.3%), retired (2.0%), householders (1.3%), or categorized as other (3.7%).

Regarding cycling intensity, the participants reported spending approximately
M = 5.23 (SD = 5.48) hours per week cycling, with an average trip length of M = 61.84
(SD = 42.77) minutes. Based on the previous five years, 156 cyclists (52.2%) reported no
accidents while riding a bicycle, while 142 participants (47.5%) indicated they had been
involved in at least one crash. This analysis included various types of incidents, encom-
passing crashes involving only cyclists, those involving other vehicles, and incidents with
stationary objects.

2.2. Data Collection Procedure

This study was conducted using a web-based questionnaire administered via Google
Forms to a convenience (pseudo-probabilistic) sample of Latvian cyclists. The target
population, as defined by the sampling strategy, consisted of cyclists aged 18 and over who
regularly used bicycles for various purposes daily. Therefore, and regarding the inclusion
criteria, every possible adult with basic literacy, able to respond to an e-form, and using a
bicycle at least once a month (regardless of the motive(s) associated with it) was considered
a possible research partaker, as long as they were willing to respond to the electronic survey
upon receiving the invitation.

The data collection window covered a period of approximately 9 months, as data
collection started in May 2023 and was concluded in February 2024. The survey was
distributed through social media platforms (such as Facebook) and targeted emails to
reach the specific research demographic. Participation in this study was voluntary, and the
participants were assured of the anonymity of their data and their use solely for research
purposes within the scope of this study. This study was conducted after receiving Ethics
Committee approval (IRB HE0001291022).

2.3. Study Variable Measurement

Through the online survey, data were collected on respondents’ demographic infor-
mation, cycling habits, and frequency, as well as the number of traffic crashes experienced
while cycling. Additionally, two questionnaires were included in the electronic survey:
the Cycling Behavior Questionnaire [20] and the Cyclist Risk Perception and Regulation
Scale [2,23].

The Cycling Behavior Questionnaire consists of questions that assess various aspects
of cyclists’ behavior on the road, such as the usage of helmets, interaction with other road
users, compliance with traffic rules, and adherence to road signs and signals.

The Cyclist Risk Perception and Regulation Scale includes questions related to cyclists’
perceived levels of risk in different cycling scenarios, strategies for risk avoidance, and
regulatory behaviors such as speed adjustment and route selection.
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2.3.1. The Cycling Behavior Questionnaire

Nowadays, the Cycling Behavior Questionnaire (CBQ) constitutes the most widely
used tool to assess cyclists’ behavior, focusing on self-reported risky and positive behaviors.
Developed and cross-culturally validated by Useche et al. [20], the CBQ aims to explore the
interrelationship between cyclists’ behavior and its outcomes. The questionnaire consists
of 29 items. The CBQ is structured into three scales: (1) traffic violations, (2) errors, and
(3) positive behaviors. The traffic violation scale assesses deliberate risky behaviors, such
as cycling against traffic flow or exceeding speed limits. The second factor, i.e., riding
error scale, identifies unintentional behavior patterns that heighten the risk of accidents,
such as failure to assess surrounding conditions, leading to potential crashes. Conversely,
the positive behavior scale highlights safety-promoting habits like cycling under adverse
conditions, helmet usage, and cautious approaching when crossing streets. Across all
scales, respondents are required to rate each question on a 5-point scale, ranging from
1 (never) to 5 (almost always). The full version of the CBQ is available in the Appendix of
its multi-national validation study [20].

At a practical level, the CBQ is increasingly being used in the latest scientific research
addressing critical issues surrounding cyclist safety and strategies for its enhancement
globally. Previous studies conducted on five continents have systematically shown that,
apart from cross-cultural validity, the questionnaire has high reliability and internal consis-
tency [2,20], as well as coherent relationships to similar questionnaires used in behavioral
research for active transport users, including the Bicycle Rider Behavior Questionnaire
(BRBQ) [24] or the Walking Behavior Questionnaire (WBQ) [10].

2.3.2. Cyclist Risk Perception and Regulation Scale (RPRS)

The Cyclist Risk Perception and Regulation Scale (RPRS) was employed to assess
cyclists’ perception and knowledge of traffic regulations. The scale was developed and
constructed by Useche et al. [23], and it consists of twelve items distributed into two scales:
(1) risk perception and (2) knowledge of traffic rules. The RPRS measures cyclists’ perceived
risk levels concerning common safety issues, such as their ability to identify road surface
irregularities or potential obstacles along their route. Meanwhile, the knowledge of traffic
rule scale evaluates cyclists’ familiarity with essential traffic regulations, including the
recognition of very basic road conventions. Respondents must rate each of the items on
a 5-point scale ranging from 1 (strongly disagree) to 5 (strongly agree) [2,23]. Previous
studies have consistently endorsed the RPRS’s reliability and validity, underscoring its
value in exploring the factors impacting cyclist safety concerns.

2.4. Mathematical Statistics

In the first step, data were carefully curated in order to check their quality, dismiss any
potential duplicates, and calculate the study variables as advised in their original source
validation studies or manuals. Subsequently, descriptive statistics were analyzed for all
survey data, including results from the CBQ and RPRS.

In a further analysis, statistical methods were selected according to the research
objectives. Namely, the internal consistency of the CBQ and RPRS was assessed using
Cronbach’s alpha coefficient, and the value of the coefficient is acceptable if it is 0.6 or higher.
To explore correlations between respondents’ demographics, weekly cycling duration,
accident history, and questionnaire scales, bivariate Pearson’s correlation tests were utilized.

Regarding multivariate analyses, two relevant tests were utilized to examine the
study hypotheses: firstly, and regarding Hypothesis 1, a multivariate analysis of covariance
(MANCOVA) was employed, with recent crash involvement (within the last five years)
serving as a fixed factor. Apart from controlling for basic demographics such as age, gender,
and education, the specific factors or sub-scales from the CBQ and RPRS were considered
dependent variables, while age and average weekly cycling duration were included as
covariates. Secondly, and as for Hypothesis 2, SEM (structural equation modeling)-based
path analysis was used to estimate the statistical effects of traffic safety literacy (in this
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study, it was understood as a compound of its measured related factors, i.e., risk perception
and traffic rule knowledge) on self-reported risky (i.e., errors and violations) and positive
cycling behaviors.

The full set of statistical analyses conducted with this study’s data were carried
out using the Statistical Package for Social Sciences (SPSS) software version 28.0, for the
Windows operative system (Armonk, New York, NY, USA) and its extension for structural
analyses (AMOS), version 28.0, for Windows operative systems.

3. Results

Table 1 summarizes the means and standard deviations of the CBQ and RPRS, collected
from a sample of cyclists. The mean scores provide insight into the frequency of negative
behavior patterns reported on the CBQ scales, which included traffic violations and riding
errors. This means that lower scores indicated that negative behavior was reported less
frequently. Higher scores on the CBQ scales for the positive behavior sub-scale and the
RPRS questionnaire scales for knowledge of traffic rules and risk perception indicated a
more positive outcome. Overall, the descriptive statistics suggest that Latvian cyclists’
risky behavioral indicators were not particularly high, if compared to other countries in the
region, included in previous multi-national studies using the CBQ [20].

Table 1. Descriptive statistics and internal consistency results of CBQ and RPRS (n = 299).

Factor Descriptive Scores Cronbach’s
Alpha (α)

M SD

CBQ

F1: Traffic violations 1.11 0.87 0.904
F2: Riding errors 0.75 0.75 0.965
F3: Positive behaviors 2.37 0.90 0.836

RPRS

F1: Knowledge of
traffic rules 3.16 0.66 0.780

F2: Risk perception 3.38 0.71 0.814
Notes: CBQ = Cycling Behavior Questionnaire; RPRS = Regulation and Perception of Risks Scale; M = arithmetic mean;
and SD = standard deviation.

Moreover, the reliability analysis, carried out using Cronbach’s alpha coefficients,
showed high internal consistency indexes across all questionnaire scales, with coefficients
ranging from 0.814 to 0.904, all of them over the commonly accepted cut-off point of
α = 0.70 in traffic psychology studies [25,26]. This indicated strong inner reliability and
consistency in the measurement of constructs assessed by the CBQ and RPRS.

3.1. Traffic Violations

Upon closer examination of the CBQ items concerning specific activities carried out
while cycling which may pose potential dangers according to respondents’ analysis, it is
worth pointing out that certain activities were practiced more frequently. The most typically
reported cycling behavior patterns included the following activities: 71.24% of cyclists
reported listening to music while cycling (M = 1.83; SD = 1.51); 68.56% reported talking on
the phone or sending text messages while riding a bike (M = 1.35; SD = 1.21); and 68.56%
of cyclists reported crossing what appears to be a clear crossing, even if the traffic light is
red (M = 1.34; SD = 1.22).

It should be mentioned that a large part of the respondents self-reported their seldom
engagement in potentially dangerous activities, such as cycling against the flow of traffic
(M = 1.03; SD = 1.11; 57% of cyclists), handling potentially obstructive objects while riding
a bicycle (food, packs, cigarettes, etc.) (M = 1.12; SD = 1.15; 63.54% of cyclists), and going
at a higher speed than they should be going at (M = 1.27; SD = 1.22; 66.56% of cyclists).
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Furthermore, other less reported risky behaviors included carrying passengers on the
bicycle without it being adapted for such a purpose (M = 0.67; SD = 1.05; 43.48% of cyclists),
cycling under the influence of alcohol and/or drugs or hallucinogens (M = 0.74; SD = 1.02;
47.16% of cyclists), zigzagging between (weaving in and out of) vehicles using a mixed
lane (M = 0.88; SD = 1.16; 36.12% of cyclists), and having a dispute in speed or “race” with
another cyclist or driver (M = 0.85; SD = 1.14; 45.15% of cyclists).

3.2. Riding Errors

Regarding non-deliberate risky road behaviors (i.e., errors) performed by Latvian
cyclists, it was found that the most common road misbehavior of this nature consisted in
failing to be aware of the road conditions and falling over bumps, holes, or obstacles present
on the road (M = 1.02; SD = 0.99; 63.55% of cyclists), as well as braking very abruptly on
slippery surfaces (something very expectable, given the weather conditions in the country;
M = 0.87; SD = 0.97; 54.51% of cyclists) and not properly assessing the surrounding traffic
situation, leading to failure in noticing another vehicle and causing it to brake sharply to
avoid a collision (M = 0.83; SD = 0.88; 58.19% of participating cyclists).

3.3. Positive Behaviors

All items in the positive behavior scale of the CBQ received relatively similar ratings
among the surveyed cyclists. However, upon closer analysis of positive behavioral expres-
sions, it became evident that Latvian cyclists exhibited relatively low indicators concerning
the consistent use of a helmet while riding (M = 1.61; SD = 1.51), with only 64.55% reporting
regular helmet usage. Nevertheless, cyclists suggested positive actions that contribute to
reducing the risk of injury and enhancing safety in various activities. These included the
following: using designated bicycle paths (M = 2.79; SD = 1.17; 95.99%); keeping a safe
distance from other cyclists or vehicles (M = 2.68; SD = 1.17; 94.98%); stopping and looking
to both sides before crossing a corner or intersection (M = 2.67; SD = 1.25; 95.32%); selecting
appropriate speeds (M = 2.59; SD = 1.21; 93.65%); avoiding cycling when feeling fatigued
or ill (M = 2.17; SD = 1.25; 89.3%) and/or under adverse weather conditions (M = 2.07;
SD = 1.27; 87.63%). These positive behaviors, despite variations in helmet usage, indicate a
generally responsible approach to cycling safety among Latvian cyclists.

3.4. Traffic Safety Literacy

An analysis of the RPRS items provided valuable insights into cyclists’ knowledge
of traffic rules and their perception of risks. The results indicated a positive and satis-
fying level of understanding among the respondents regarding traffic signs and signals
(M = 3.61; SD = 0.80), with 74% affirming their full familiarity with road signs and basic road
rules (M = 3.61; SD = 0.80). Moreover, the questionnaire revealed reasonable knowledge
of the bicycle safety regulations of one’s city/town (M = 3.35; SD = 0.87), with 52.52% of
cyclists indicating full familiarity. Additionally, a large part of respondents (59.19%) scored
considerably high in their awareness of the potential consequences of being involved in
a traffic accident, for example, with another vehicle (M = 3.34; SD = 0.94). While slightly
lower, several indicators still reflected adequate levels of knowledge and awareness. Cy-
clists exhibited a moderate ability to identify areas prohibited for traffic or bicycle parking
(M = 2.98; SD = 1.04; 40.8%). Furthermore, there was recognition that pedestrians should
always have priority, even over cyclists (M = 2.65; SD = 1.22; 32.77%), and acknowledgment
of the higher risks for one’s safety while riding a bicycle compared to riding a motorized
vehicle (M = 2.55; SD = 1.30; 33.78%).

Analyzing the perception of risks from a comparative approach to previous stud-
ies using the RPRS [16,23], it is noteworthy that the surveyed cyclists had a consistently
high level of awareness regarding the various safety risks associated with riding a bicycle:
70.57% of respondents suggested high awareness of other vehicles that surround them on
the road (M = 3.55; SD = 0.83), 62.87% acknowledged the impact that cycling under the
influence of certain substances (alcohol, illegal and/or prescribed drugs) has on the ability
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to ride well (M = 3.49; SD = 0.94), 71.91% realized that there are signaling and infrastructure
problems that can affect their safety (M = 3.41; SD = 0.93), and 63.87% recognized the
risks associated with using headphones and mobile phones while riding bicycle (M = 3.42;
SD = 0.91). Additionally, 42.48% recognized that urban areas are especially risky, consider-
ing the number of vehicles and the complexity of the roads (M = 3.01; SD = 1.08).

3.5. Interrelationships Between Demographics, Crash Rates, and Cyclist Behavior

The Pearson correlation results in Table 2 show a significant relationship between
the factors included in this analysis. The magnitude of a relationship in Pearson’s corre-
lation results can be considered weak (r > 0.1), moderate (r > 0.3), or strong (r > 0.5), in
accordance with the standard suggestions provided by Cohen (1988), which can be applied
in behavioral science [27]. According to the obtained results, it can be stated that there
was a significant negative relationship between age and both traffic violations (r = −0.232,
p < 0.01) and riding errors (r = −0.257, p < 0.01), suggesting that older participants were less
likely to commit traffic violations or make riding errors while riding a bicycle. Age showed
positive significant correlations with weekly cycling (r = 0.215, p < 0.01), positive behavior
(r = 0.343, p < 0.01), knowledge of traffic rules (r = 0.115, p < 0.05), and risk perception
(r = 0.213, p < 0.01), indicating that older cyclists tended to spend more time cycling weekly,
exhibited more positive behaviors on the road, and had greater knowledge of traffic rules
and perception of possible risk. No significant relationship was found between age and the
total number of crashes.

Table 2. Pearson’s correlation matrix between age, weekly time spent cycling, total crashes, CBQ, and RPRS.

Factor 1 2 3 4 5 6 7 9

1 Age 1
2 Weekly cycling (min.) 0.215 ** 1
3 Traffic violations −0.232 ** −0.015 1
4 Riding errors −0.257 ** −0.024 0.646 ** 1
5 Positive behaviors 0.343 ** 0.152 ** −0.139 * −0.184 ** 1
6 Knowledge of traffic rules 0.115 * 0.117 * −0.079 −0.183 ** 0.177 ** 1
7 Risk perception 0.213 ** 0.115 * −0.111 −0.233 ** 0.302 ** 0.631 ** 1

8 Self-reported cycling crashes (5
years) 0.094 0.050 0.149 * 0.134 * 0.039 −0.031 0.027 1

Notes: ** Correlation is significant at the 0.01 level (2-tailed); * correlation is significant at the 0.05 level (2-tailed).

The weekly time spent cycling had positive significant relationships with positive
behavior (r = 0.152, p < 0.01), knowledge of traffic rules (r = 0.117, p < 0.05), and risk
perception (r = 0.115, p < 0.05). This suggests that cyclists who spend more time riding a
bicycle each week tend to exhibit more positive behaviors, possess greater knowledge of
traffic rules, and be more aware in terms of risk perception. Additionally, the traffic viola-
tion factor exhibited a negative significant relationship with positive behavior (r = −0.184,
p < 0.01). In other words, this indicates that participants who committed fewer traffic
violations tended to exhibit more positive behaviors while being on the road. There were
also positive significant relationships between traffic violations and both riding errors
(r = 0.646, p < 0.01) and crashes (r = 0.149, p < 0.05), suggesting that cyclists who tended
to violate traffic laws more frequently also tended to make more riding errors and conse-
quently experience more crashes.

Moreover, riding errors showed negative significant correlations with positive be-
havior (r = −0.184, p < 0.01), knowledge of traffic rules (r = −0.183, p < 0.01), and risk
perception (r = −0.233, p < 0.01), meaning that cyclists with greater knowledge of traffic
rules, higher risk perception, and more positive behaviors tended to make fewer riding
errors. Additionally, positive behavior outcomes suggested strong and significant positive
relationships with both knowledge of traffic rules (r = 0.177, p < 0.01) and risk perception
(r= 0.302, p < 0.01), independently of any previously mentioned correlation. Finally, as
for the traffic safety literacy factors, the self-reported level of knowledge of traffic rules
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showed a significant positive correlation with risk perception (r = 0.631, p < 0.01), which
indicated that cyclists with better knowledge of traffic rules also tended to have higher
levels of perception of potential road risks.

3.6. Key Risk Factors and Safety Hazards Among Cyclist Groups

Table 3 represents the results of a multivariate analysis of covariance (MANCOVA)
examining the relationship between crash occurrence and various factors related to cycling
behavior. Before carrying out the MANCOVA, the required sample size was calculated
using G*Power 3.1.9.6 software, with a 5% α-error level and 80% power (corresponding to
a 20% β-error rate). The analysis indicated that a minimum of 134 cyclists were needed
per group to ensure sufficient statistical power. Wilks’s Lambda of the MANCOVA was
0.961 (F = 2.36, p < 0.05), indicating that the overall main effect of crash occurrence reached
statistical significance. This suggests that crash occurrence was significantly influenced by
the combined dependent variables. Among the 299 cyclists composing the study sample,
47.49% (n = 142) of them reported experiencing at least one crash in the previous five years,
while the remaining 52.51% (n = 157) reported no crashes during the previous five years.

Table 3. Multivariate analysis of covariance (MANCOVA) of CBQ and RPRS and crash occurrence.

Factor No Crashes (n = 157) Crashes (n = 142) F η2

Traffic violations 1 (0.88) 1.23 (0.84) 9.29 * 0.031
Riding errors 0.68 (0.73) 0.82 (0.76) 6.26 * 0.021
Positive behaviors 2.30 (0.95) 2.44 (0.84) 0.33 0.001
Knowledge of traffic rules 3.19 (0.72) 3.11 (0.60) 1.31 0.004
Risk perception 3.37 (0.75) 3.38 (0.67) 0.14 0.000

Notes: Wilks’s Lambda = 0.961; F = 2.36; and p < 0.05. Age and weekly distance riding a bicycle are included as
covariates. * Significant at the 0.05 level (2-tailed).

As for cycling safety outcomes, both risk-related factors, i.e., traffic violations
(F = 9.29, p < 0.05) and riding errors (F = 6.26, p < 0.05), showed significant differences
between the non-crashed and crashed groups of riders, suggesting that, as hypothesized,
these behaviors may increase cyclists’ likelihood of suffering road crashes. On the other
hand, positive riding behaviors, knowledge of traffic rules, and risk perception did not
show significant differences between the two groups, implying that these factors might not
be as strongly associated with crash occurrence.

Figure 1 illustrates the cyclist safety aspects from this study’s results and analysis. The
scales of traffic violations (F = 9.29, p < 0.05) and riding errors (F = 6.26, p < 0.05) were found
to have a statistically significant differences between the group of cyclist with and without
crashes in the previous 5 years based on the MANCOVA analysis. This suggests that more
frequent traffic violations and ridings errors impact the risk of road accidents involving
cyclists. The results also included the scales of positive behaviors, knowledge of traffic rules,
and risk perception. Although these scales did not show a direct and statistically significant
impact on cyclist safety in the MANCOVA, there were statistically significant correlations
between them, as indicated by the Pearson correlation results. These interrelationships
reflect general cyclist behavior and have an indirect influence on road safety.

The above visualization emphasizes that traffic violations and riding errors are the
primary factors that statistically differentiate cyclists who have experienced a crash from
those who have not. Age significantly correlates with cyclist safety, as revealed by this
study’s findings. While older cyclists generally exhibit more positive behaviors on the road
compared to younger cyclists, they tend to make more riding errors and commit more
traffic violations, which are key contributors to crashes. Additionally, the interconnections
between other factors contribute to a broader understanding of behaviors that can affect
safety on the road.
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3.7. Path Analysis

Before configuring the model, paths were defined based on theoretical grounds, using
a confirmatory approach to ensure plausibility. The fit of the path models was assessed
through several ordinal/incremental indexes, including the Normed Fit Index (NFI), the
Incremental Fit Index (IFI), the Confirmatory Fit Index (CFI), and the Relative Fit Index (RFI),
alongside their Root Mean Squared Errors of Approximation (RMSEAs). The cut-off criteria
followed literature-based goodness-of-fit guidelines [28,29], with ordinal/incremental
indexes expected to exceed 0.900, plus an RMSEA under 0.080, ensuring a satisfactory fit
according to their theoretical path plausibility. Significance levels were differentiated at
p < 0.001 (***), p < 0.010 (**), and p < 0.050 (*).

After configuring the model while controlling for age, gender, and city size and incorpo-
rating the theoretically driven covariances between the two predictors, the model fit statistics
were as follows: χ2 = 4.819; p < 0.001; NFI (Delta 1) = 0.962; IFI (Delta 2) = 0.969; CFI = 0.966;
RFI (rho 1) = 0.928; RMSEA = 0.073; and 90% CI [0.33–0.112]. Figure 2 illustrates the model,
which was statistically significant and whose full set of coefficients is provided in Table 4, was
retained based on its theoretical validity and overall good fit indexes, and it was bootstrapped
for enhancing its statistical robustness [30].
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Table 4. Variables appended in the structural path model, estimates, significance levels, and confidence
intervals (CI with lower and upper thresholds) at the 95% level for bootstrap bias-corrected coefficients.

Path SPC a S.E. b C.R. c p d
Bootstrap Bias-Corrected Values e

Est f S.E. b 95% CI g p d

Traffic safety literacy as a predictor of self-reported cycling behaviors

Traffic Safety Literacy → Risky Behaviors −0.178 0.067 −3.171 ** −0.178 0.070 −0.275 −0.060 *
Traffic Safety Literacy → Positive Behaviors 0.218 .084 4.019 *** 0.218 0.085 0.112 0.323 *

Statistical controls

Age → Risky Behaviors −0.194 0.003 −3.330 *** −0.194 0.003 −0.302 -0.069 **
Age → Positive Behaviors 0.192 0.004 3.411 *** 0.192 0.004 0.098 0.301 **
Education → Risky Behaviors 0.081 0.046 1.435 0.151 0.081 0.047 −0.057 0.176 0.303
Education → Positive Behaviors 0.079 0.058 1.450 0.147 0.079 0.053 −0.014 0.177 0.112
City Size → Risky Behaviors −0.116 0.022 −2.055 ** −0.116 0.023 −0.221 0.013 0.059
City Size → Positive Behaviors 0.179 0.028 3.295 *** 0.179 0.026 0.081 0.277 *

Notes: a SPC= standardized path coefficients (β-linear regression weights); b S.E.= standard error; c CP= critical ratio;
d p-value: * significant at p < 0.050, ** significant at p < 0.010, and *** significant at p < 0.001; e bootstrapped model
coefficients (bias-corrected); f bootstrapped model standardized estimates (bias-corrected); and g confidence interval at
the 95% level (lower bound—left; upper bound—right).

Once the model paths were drawn and their effects were measured through a signifi-
cant and theoretically coherent model with adequate goodness-of-fit indexes, it was found
that traffic safety literacy had a direct, consistent, and significant effect on the self-reported
behaviors of Latvian cyclists, as follows: On the one hand, the path between traffic safety
literacy → risky cycling behaviors was negative and significant, with β = −0.178 and
bootstrapped IC(95%) = [−0.275–−0.060]. On the other, the structural path drawn between
traffic safety literacy → positive cycling behaviors was also positive/directionally coherent
and significant, with β = 0.218 and bootstrapped IC(95%) = [0.112–0.323].

4. Discussion

This research analyzed the relationship between cyclists’ behavior, traffic safety literacy,
and self-reported crash involvement among Latvian cyclists. In the context of this study,
the Cycling Behavior Questionnaire [20] was utilized to measure the risk-related behavioral
patterns of cyclists, while the RPRS [23] was employed to evaluate cyclists’ traffic safety
literacy, measuring both risk perception and road rule knowledge, following a self-report
approach. The approach to the analysis was chosen based on previous studies conducted
in contexts of similar values [2,13].

4.1. Behavioral Correlates and Safety-Related Outcomes

Overall, the results of this study suggest significant correlations between self-reported
cycling behavior, traffic safety literacy, and cyclist crashes, considering a time window of
five years. From a bivariate approach, the data provided by this Latvian sample show
significant positive behavioral patterns among cyclists, as well as cases where road traf-
fic violations are committed intentionally, and errors are due to a lack of awareness or
misjudgment of traffic situations.

Moreover, the findings show a correlation between the behavior of cyclists and the
likelihood of traffic violations which are associated with crashes. Also, there is a significant
positive correlation between traffic violations and riding errors (p < 0.01). This suggests
that cyclists who commit more intentional traffic violations also make more riding errors,
potentially endangering their safety on the road. Similar findings have been reported in
studies conducted in other countries, even though, from a comparative point of view, the
results obtained in this study indicate that the frequency with which the surveyed cyclists
committed both deliberate (i.e., traffic violations) and non-deliberate (i.e., errors) actions
was comparatively greater than the mean concerning other countries in the region, such as
Finland (see [31]).
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Building on further previous research, it is noteworthy that O’Hern et al.’s studies,
conducted in Finland and Australia on cyclists’ behavior and crash involvement, yielded
similar results [14,31]. They concluded that cyclists who committed more traffic violations
were, consistent with the findings of our initial study among the Latvian population, more
prone to making additional errors on the road, indicating risky behaviors [14]. Similar
results were found in research where traffic violations were associated with errors and
multiple crashes [16,32]. According to our results, in Latvia, one of the most common and
deliberate actions performed by cyclists while riding a bicycle is using a phone; 68% of the
respondents admitted to regularly engaging in this action.

At a hands-on level, the potential consequences and dangers of such activities have
attracted the attention of several researchers and road traffic context analyses [33]. For
instance, De Angelis et al. conducted a separate study on smartphone use and crash risk
among cyclists [34]. Their results provide insight into how smartphone use contributes
to an increased likelihood of being involved in near-crashes and actual crashes. Another
common and deliberate action is listening to music, as reported by 71% of the cyclists
surveyed in our study. Stelling-Konczak et al. carried out a research proposing that not
being able to hear traffic sounds may decrease cyclists’ awareness of approaching vehicles
and lead to unsafe situations which sometimes act as pre-crash scenarios [35].

4.2. Behavioral and Literacy-Related Predecessors of Crash Involvement History

Another important finding from this study is that cyclists with more frequent traffic
violations also tend to uniformly show increased odds ratios of experiencing a crash
compared to those with a self-reported lesser frequency of traffic violations while riding.
Apart from endorsing the core study hypothesis, this aligns with the results of previous
research experiences with similar findings. For instance, a study conducted by Rad et al.
suggests that different behavioral patterns of cyclists may influence cycling outcomes [17].
The current study in Latvia observed significant levels of risky behavior among cyclists,
which were significantly associated with their history of previous traffic crash involvement.

Also, except for variations in helmet usage, Latvian cyclists exhibited generally pos-
itive behaviors in aspects such as using designated bicycle paths, with stable trends in
behaviors such as maintaining a safe distance from other cyclists or vehicles, practicing
caution at intersections, selecting appropriate speeds, and avoiding cycling in unfavorable
conditions, reflecting a responsible approach to cycling safety. Moreover, the negative
correlations between traffic violations, risk perception, and positive habits or behaviors are
coherent with those observed in other studies addressing protective habits in addition to
merely risky riding behaviors [14,16].

This suggests that cyclists with enhanced knowledge of traffic regulations, heightened
risk perception, and a proactive approach towards safety tend to make fewer riding errors,
emphasizing the significance of promoting positive behaviors in cycling habits. Based on
the results of Kummeneje and Rundmo’s study, risk perception was a significant factor in
shaping the positive behavioral perspectives of cyclists in Norway. Their study concluded
that an individual’s attitude, including their behavior, is directly influenced by their percep-
tion of risk. When this perception is low, it may manifest in cycling behaviors characterized
by fewer positive attitudes towards road safety [36].

When evaluating cyclists’ traffic knowledge and risk perception indicators, negative
mutual relations between these factors and riding errors can be observed, indicating
that, as these indicators increase, riding errors tend to coherently decrease. Likewise,
these indicators also have a positive link to positive riding behaviors. These results are
largely consistent with and support the findings of previous studies, such as Useche
et al.’s study [2,23], where significant relationships were identified between involvement in
reckless road behaviors, risk perception levels, and traffic knowledge, further endorsing
the assumptions of our Hypothesis 1.

Regarding previous pieces of evidence supporting this finding, similar results were
also found in the Australian study by O’Hern et al., where risky behavior indexes were pos-
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itively and consistently correlated with negative crash-related outcomes [14]. In addition,
some similar studies emphasize the need for increasing skills such as traffic knowledge,
risk perception, and positive behavior on the road, underscoring the importance of promot-
ing education and awareness among cyclists to foster safer and more responsible cycling
practices [12,37].

One of the notable findings in the present study is the significant impact of cyclists’
age on various factors, including weekly cycling intensity, traffic violations, riding errors,
positive behavior, knowledge of traffic rules, and risk perception. This observation high-
lights a trend among Latvian cyclists, wherein individuals tend to exhibit greater caution
and self-awareness as a function of age. In fact, it draws attention to the fact that age
was the only consistently significant statistical control in the relationship between traffic
literacy and both risky and positive self-reported cycling behaviors. From a theoretical
standpoint, this study reveals that older cyclists show a tendency to engage in fewer traffic
violations, consequently leading to a reduction in riding errors. While research emphasizes
the prevalence of intentional traffic rule violations among cyclists, it suggests a decline in
such risky behavior as individuals age [16,23].

For example, although it relates to a passive safety issue rather than modulating post-
crash severity figures, older cyclists exhibited a higher frequency of helmet usage, similarly
to that observed in previous studies conducted in other countries [17,38]. Moreover, older
respondents demonstrated higher levels of positive behaviors, knowledge of traffic rules,
and risk perception, indicating a more informed and responsible approach to cycling safety.
This is essential for fostering a culture of road awareness and reducing the likelihood of
accidents among cyclists of all ages.

4.3. Risky Behavior and Crash History: An Age-Based Perspective

The authors offer no explanation for the discrepancy between their results (age is
associated with more crashes) and previous works. On the one hand, older cyclists tended
to demonstrate more positive behaviors on the road, along with better knowledge of traffic
rules and responsible cycling habits. On the other, they also experienced a higher number
of crashes compared to the younger cyclists in the sample. Previous studies have identified
several factors contributing to this paradox. For example, Engber et al. note that older
cyclists have a higher risk of injury in traffic crashes due to mental impairment, unsuit-
able bicycle parameters, and an excessive sense of uncertainty on the road, leading to
fall-provoking behaviors such as moving at excessively low speeds [39]. In other words,
from a literature-based approach, it is hypothesized that older cyclists may increase their
crash likelihood on the basis of a higher incidence of crash-causing riding errors (but not de-
liberate violations) than younger cyclists. This was observed in previous studies conducted
in other countries, such as Useche et al. [12], using the same behavioral error/violation
taxonomy as in the current study to compare safety outcomes of Latin American cyclists of
different age groups.

Other research with common approaches and outcomes suggests that older cyclists
are more likely to crash without motor vehicle involvement, despite reporting less frequent
aberrant behaviors [37,40]. Additionally, Ayuso et al. indicate that physical fragility is a
primary reason for crashes among older cyclists [41]. These findings suggest that older cyclists
are not necessarily more dangerous on the road but are more vulnerable, at greater risk in
traffic, and more likely to self-report cycling crashes. Nevertheless, this is just a theory-based
assumption, as, in the current research, we did not address cyclists’ riding skills or their
subjective feelings of safety and confidence, which are important factors contributing to
their overall crash risk. While positive cycling behaviors, such as maintaining safe speeds,
controlling headway, and checking intersections, are generally assumed to enhance safety, this
study did not find a strong correlation between these behaviors and crash risk. Older cyclists
may be more prone to non-violation-related errors, such as low-speed falls or balance issues,
which could explain their higher crash involvement despite exhibiting more positive cycling
behaviors, as indicated by previous research.
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4.4. Does Traffic Safety Literacy “Matter” for Cycling Behavior?

The second study hypothesis (see Hypothesis 2) posited that traffic safety literacy,
understood in this study as a compound of road risk perception and road rule knowledge
(our measured factors), might have a direct and significant effect on the actual cycling
behavior of Latvian cyclists. While in this study the number of literacy-related variables
remained limited, their directionality and statistical significance as predictors of behavioral
outcomes of cyclists remained consistent with findings from previous research in this field.
For instance, studies by Zavareh et al. [38] have shown that risk perception significantly
impacts cyclists’ compliance with traffic regulations and influences their overall safety
behavior. Additionally, Useche et al. [20] found that both risk perception and traffic rule
knowledge are critical predictors of cyclists’ safety outcomes. Other research, such as that
by McIlroy et al. [10] and Griffin et al. [19], has also emphasized the importance of traffic
knowledge and perceived risk in influencing safer cycling behaviors.

At a practical level, these findings suggest that improving road safety literacy through
targeted educational campaigns and training programs could effectively enhance cyclists’
adherence to traffic rules, potentially reducing accident rates and risky behaviors among this
population. Prior studies have shown that interventions focusing on improving knowledge
of road safety can lead to measurable improvements in behavior, such as reduced risky
maneuvers and greater use of protective equipment [36,38]. Moreover, integrating cycling-
specific risk perception training has been linked to better decision making and hazard
recognition among cyclists, as noted by reviews of the existing literature, such as that by
Twisk et al. [42]. These practical strategies could contribute to more sustainable and safer
cycling environments in urban settings, possibly making cycling a safer and more attractive
transportation means in Latvia.

4.5. Limitations of This Study

While this study used validated research instruments and covered different regions of
Latvia, there are some essential limitations that should be acknowledged, in order to make
a fair interpretation of the study results. One of them is the relatively large age range of
the sample, which ranged from 18 to 76 years. Age is often correlated with factors such
as maturity, experience, level of education, state of health, and others. Given the highly
covariant nature of this factor, it often acts as a confusing variable in road safety literature
and may interfere with the accuracy of conclusions on research results if not properly
controlled. In the case of this research, while age was included as a key covariant factor in
both MANCOVA and SEM-based Path analyses, this issue should also be considered in
qualitatively interpreting the study results.

Another limitation is that data collection occurred in an online environment, which did
not afford full control over the veracity of respondents’ answers and the validity of the data.
It is important to note that participation was voluntary, and responses were anonymous,
which helped mitigate this limitation. Also, some potential participant-based biases must
be considered. Firstly, this study addressed road behavioral and safety-related topics,
which can become sensitive for some participants and bias their self-reported outcomes. In
addition, some common method biases, such as acquiescent responses and memory flaws,
might affect the reliability of the results in some cases.

In addition to the previously mentioned limitations, it is important to consider the
challenges associated with self-reported surveys studying selected variables. The behav-
ioral patterns were evaluated using a self-reported measurement tool, which may have
introduced common method variance and affected the reliability of the data. While the
measuring instruments employed in this study are widely recognized for assessing the
behavior patterns of cyclists, their limitations must be acknowledged when interpreting
the results. However, it is essential to recognize that cyclist behavior is complex and mul-
tifaceted, making it difficult to measure accurately with other types of instruments; thus,
surveys can be a more suitable approach in this context.
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Furthermore, data collection spanned a period from May 2023 to February 2024. It is
worth mentioning that the time of year during survey completion could have potentially
influenced respondents’ answers. For instance, during winter, when road surfaces are
often covered with snow, the number of cyclists on the road tends to decrease compared to
warmer seasons. Another shared important limitation to consider in this and other similar
studies is not accounting for objective safety surrogate measures, such as traffic conflicts.
These indicators could provide more concrete and quantifiable insights into cyclist safety
by capturing near-miss incidents and other critical safety events, which would offer a more
comprehensive understanding of the factors influencing cycling safety in this region.

Moving forward with the study of cyclists’ road behavior, traffic safety literacy, and
crash involvement in Latvia, it is critical for future research experiences to consider the
aforementioned limitations, in order to apply improvements such as increasing the research
sample, coverage, and number of variables measured to increase the explanatory potential
of the research results, thus enhancing the robustness of the findings.

5. Conclusions

At a general level, the evidence obtained in this study suggests significant interrela-
tionships between cyclists’ behavior, traffic safety literacy, and crash occurrence among
Latvian cyclists over the previous 5 years. As for specific issues, there are some findings
worth mentioning, which can be found below.

When it comes to cyclists’ demographics, it is noteworthy that older cyclists consis-
tently demonstrated greater knowledge of traffic rules and a heightened perception of
potential road risks. This may explain their inclination towards exhibiting more positive
behaviors compared to younger individuals.

Regarding positive cycling behaviors, although no correlation was found between
positive behavior and crashes, positive correlations were identified between total crashes
in the previous 5 years and both traffic violations and riding errors. This suggests that the
more cyclists engage in traffic violations and riding errors, the higher their likelihood of
being involved in cycling crashes.

Latvia’s road safety regulations may be influencing cyclist behavior due to inaccuracies
or incompleteness in the existing laws. This is reflected in certain safety practices or behaviors
and helmet usage. For example, this study reveals that, while 95.99% of Latvian cyclists
reported regularly using designated bicycle paths, only 64.55% consistently wore helmets,
despite the known benefits in injury prevention. This discrepancy highlights the lack of
mandatory helmet laws for adults, which may contribute to lower helmet adoption rates.

Additionally, although cyclists demonstrated positive behaviors, only 33.78% of our
participants fully recognized the higher risks associated with cycling compared to motor-
ized vehicles, suggesting that safety education could be further improved.

As for the value of traffic safety literacy in improving cycling behaviors, path analyses
revealed that it had direct, consistent, and significant, though differential, links to both
risky and positive behaviors, thereby reinforcing the need to actively promote traffic safety
literacy among the Latvian population.

Addressing this and other relevant cycling behavioral issues should be a key focus
of future research, particularly at the national level. It is important to recognize and
understand these behavioral patterns among Latvian cyclists and carefully evaluate the
suitability of road infrastructure for cyclists, both in urban and rural environments.

Finally, although this study’s analyses did not reveal a direct correlation between
positive cycling behaviors and crash occurrences, the positive correlation found between
traffic violations, driving errors, and crash rates is alarming. This finding highlights the
importance of promoting safe cycling practices and enforcing traffic regulations. Future
research should prioritize this critical factor.
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Practical Implications of This Study

At a practical level, and based on both the results obtained through this study and
the existing literature addressing similar populations of cyclists from other regions, it can
be expected that promoting cyclists’ risk perception (i.e., increasing their awareness of
the potential risks and consequences of different cycling behaviors) could enhance both
safety and positive behaviors among cyclists. In addition, promoting risk perception
among Latvian cyclists is essential. To this end, targeted educational campaigns that have
proven successful in other countries could be implemented. These initiatives may include
interactive training sessions that highlight the dangers of cycling, as well as partnerships
with local cycling organizations to foster a culture of safety among cyclists.

Additionally, the targeted relationships between cycling literacy and behavioral/safety
outcomes suggest that, apart from aiming to reduce errors and violations on the road, ad-
dressing “positive” cycling habits could also contribute to a reduction in traffic violations
and riding errors in the region, which is particularly relevant for strengthening the pro-
motion of active and sustainable transportation methods in Latvia. To promote positive
cycling habits, initiatives could include organized community cyclists that model safe
cycling practices, educational workshops focusing on defensive riding techniques, and
campaigns that encourage the use of appropriate safety gear, such as helmets and reflective
clothing. In Latvia, for example, helmets are not mandatory for all cyclists, only for children
under 16 years of age, highlighting a critical area for advocacy. Fostering a culture of
mutual respect among all road users through awareness campaigns could help enhance
cyclists’ confidence and competence on the road.

Author Contributions: Conceptualization, K.V., Z.V. and S.A.U.; methodology, K.V., Z.V. and S.A.U.;
software, K.V.; validation, K.V. and Z.V.; formal analysis, K.V.; investigation, K.V., Z.V. and S.A.U.;
resources, K.V.; data curation, K.V. and Z.V.; writing—original draft preparation, K.V., Z.V. and S.A.U.;
writing—review and editing, K.V., Z.V. and S.A.U.; and visualization, K.V. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The research protocol underwent evaluation and approval
by the Ethics Committee of the University of Valencia’s Research Institute on Traffic and Road Safety
(IRB approval number: HE0003170921).

Informed Consent Statement: Informed consent was obtained from all the subjects involved in this
study.

Data Availability Statement: The data samples and detailed coding procedures can be accessed by
contacting the corresponding author. The data are not publicly available due to privacy restrictions.

Conflicts of Interest: The authors declare no potential conflicts of interest with respect to the research,
authorship, and publication of this article.

References
1. Oja, P.; Titze, S.; Bauman, A.; de Geus, B.; Krenn, P.; Reger-Nash, B.; Kohlberger, T. Health benefits of cycling: A systematic review.

Scand. J. Med. Sci. Sports 2011, 21, 496–509. [CrossRef] [PubMed]
2. Useche, S.A.; Alonso, F.; Boyko, A.; Buyvol, P.; Castañeda, I.D.; Cendales, B.; Cervantes, A.; Echiburu, T.; Faus, M.; Gene-Morales,

J.; et al. Yes, size does matter (for cycling safety)! Comparing behavioral and safety outcomes in S, M, L, and XL cities from
18 countries. J. Transp. Geogr. 2024, 114, 103754. [CrossRef]

3. Møller, M.; Useche, S.A.; Siebert, F.W.; Janstrup, K.H. What differentiates e-bike riders from conventional cyclists in Denmark? A
user-based study. J. Transp. Health 2024, 34, 101748. [CrossRef]

4. World Health Organization. Cyclist Safety: An Information Resource for Decision-Makers and Practitioners; World Health Organization:
Geneva, Switzerland, 2020.

5. CSDD (Latvian Road Traffic Safety Directorate). The Road Traffic Safety Statistics: Road Traffic Accidents Involving Vulnerable Road
Users; CSDD: Riga, Latvia, 2023.

6. Logan, G.; Somers, C.; Baker, G.; Connell, H.; Gray, S.; Kelly, P.; McIntosh, E.; Welsh, P.; Gray, C.M.; Gill, J.M.R. Benefits, risks,
barriers, and facilitators to cycling: A narrative review. Front. Sports Act. Living 2023, 5, 1168357. [CrossRef]

https://doi.org/10.1111/j.1600-0838.2011.01299.x
https://www.ncbi.nlm.nih.gov/pubmed/21496106
https://doi.org/10.1016/j.jtrangeo.2023.103754
https://doi.org/10.1016/j.jth.2023.101748
https://doi.org/10.3389/fspor.2023.1168357


Safety 2024, 10, 97 17 of 18

7. Beck, B.; Winters, M.; Thompson, J.; Stevenson, M.; Pettit, C. Spatial Variation in Bicycling: A Retrospective Review of Travel Survey
Data from Greater Melbourne, Australia; OSF Preprints: Charlottesville, VA, USA, 2021. [CrossRef]

8. Lubbe, N.; Wu, Y.; Jeppsson, H. Safe speeds: Fatality and injury risks of pedestrians, cyclists, motorcyclists, and car drivers
impacting the front of another passenger car as a function of closing speed and age. Traffic Saf. Res. 2022, 2, 000006. [CrossRef]

9. Fevyer, D.; Aldred, R. Rogue drivers, typical cyclists, and tragic pedestrians: A Critical Discourse Analysis of media reporting of
fatal road traffic collisions. Mobilities 2022, 17, 759–779. [CrossRef]

10. McIlroy, R.C.; Useche, S.A.; Gonzalez-Marin, A. To what extent do our walking and cycling behaviours relate to each other, and
do we cycle as well as we think we do? Piloting the walking and cycling behaviour questionnaires in the UK. Accid. Anal. Prev.
2022, 168, 106597. [CrossRef]

11. Thompson, J.H.; Wijnands, J.S.; Mavoa, S.; Scully, K.; Stevenson, M.R. Evidence for the ‘safety in density’ effect for cyclists:
Validation of agent-based modelling results. Inj. Prev. 2019, 25, 379–385. [CrossRef]

12. Useche, S.A.; Alonso, F.; Sanmartin, J.; Montoro, L.V.; Cendales, B. Well-being, behavioral patterns and cycling crashes of different
age groups in Latin America: Are aging adults the safest cyclists? PLoS ONE 2019, 14, e0221864. [CrossRef]

13. Salmon, P.M.; Naughton, M.; Hulme, A.; McLean, S. Bicycle crash contributory factors: A systematic review. Saf. Sci. 2022,
145, 105511. [CrossRef]

14. O’Hern, S.; Estgfaeller, N.; Stephens, A.N.; Useche, S.A. Bicycle rider behavior and crash involvement in Australia. Int. J. Environ.
Res. Public Health 2021, 18, 2378. [CrossRef] [PubMed]

15. Ma, C.; Yang, D.; Zhou, J.; Feng, Z.; Yuan, Q. Risk riding behaviors of urban e-bikes: A literature review. Int. J. Environ. Res. Public
Health 2019, 16, 2308. [CrossRef] [PubMed]

16. Fyhri, A.; Johansson, O.; Bjørnskau, T. Gender differences in accident risk with e-bikes—Survey data from Norway. Accid. Anal.
Prev. 2019, 132, 105248. [CrossRef] [PubMed]

17. Rad, E.H.; Kavandi, F.; Kouchakinejad-Eramsadati, L.; Asadi, K.; Khodadadi-Hassankiadeh, N. Self-reported cycling behavior
and previous history of traffic accidents of cyclists. BMC Public Health 2024, 24, 780. [CrossRef] [PubMed]

18. Chen, Z.; Tian, K. Optimization of evaluation indicators for driver’s traffic literacy: An improved principal component analysis
method. Sage Open 2022, 12, 1–12. [CrossRef]

19. Griffin, W.; Haworth, N.; Twisk, D. Patterns in perceived crash risk among male and female drivers with and without substantial
cycling experience. Transp. Res. Part F Traffic Psychol. Behav. 2020, 69, 1–12. [CrossRef]

20. Useche, S.A.; Alonso, F.; Boyko, A.; Buyvol, P.; Castañeda, I.D.; Cendales, B.; Cervantes, A.; Echiburu, T.; Faus, M.; Feitosa, Z.;
et al. Cross-culturally approaching the Cycling Behaviour Questionnaire (CBQ): Evidence from 19 countries. Transp. Res. Part F
Traffic Psychol. Behav. 2022, 91, 386–400. [CrossRef]

21. Pashkevich, M.; Pashkevich, A. Comparative analysis of methods to identify road sections with high accidents risk: A case study
of E67 Estonia–Latvia–Lithuania corridor. MATEC Web Conf. 2021, 334, 02001. [CrossRef]

22. Kreicbergs, J.; Irbitis, O.; Kalnins, J. Causes of Road Accidents with Fatalities and Heavy Injuries in Latvia. In Vision Zero for
Sustainable Road Safety in Baltic Sea Region; Varhelyi, A., Žuraulis, V., Prentkovskis, O., Eds.; VISZERO 2018; Lecture Notes in
Intelligent Transportation and Infrastructure; Springer: Cham, Switzerland, 2020. [CrossRef]

23. Useche, S.A.; Alonso, F.; Montoro, L.; Esteban, C. Explaining self-reported traffic crashes of cyclists: An empirical study based on
age and road risky behaviors. Saf. Sci. 2019, 113, 105–114. [CrossRef]

24. Hezaveh, A.M.; Zavareh, M.F.; Cherry, C.R.; Nordfjærn, T. Errors and violations in relation to bicyclists’ crash risks: Development
of the Bicycle Rider Behavior Questionnaire (BRBQ). J. Transp. Health 2018, 8, 289–298. [CrossRef]

25. Lajunen, T.; Özkan, T. Self-Report Instruments and Methods. In Handbook of Traffic Psychology; Elsevier: Amsterdam, The
Netherlands, 2011. [CrossRef]

26. Stensen, K.; Lydersen, S. Internal consistency: From alpha to omega. Tidsskr. Den Nor. Laegeforening Tidsskr. Prakt. Med. Ny Raekke
2022, 142, 12. [CrossRef] [PubMed]

27. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Routledge: New York, NY, USA, 1988; pp. 273–403. [CrossRef]
28. Hair, J.; Alamer, A. Partial Least Squares Structural Equation Modeling (PLS-SEM) in second language and education research:

Guidelines using an applied example. Res. Methods Appl. Linguist. 2022, 1, 100027. [CrossRef]
29. Hair, J.F., Jr.; Sarstedt, M. Factors versus composites: Guidelines for choosing the right structural equation modeling method. Proj.

Manag. J. 2019, 50, 619–624. [CrossRef]
30. Gilleland, E. Bootstrap Methods for Statistical Inference. Part I: Comparative Forecast Verification for Continuous Variables.

J. Atmos. Ocean. Technol. 2020, 37, 2117–2134. [CrossRef]
31. O’Hern, S.; Willberg, E.; Fink, C.; Useche, S. Relationships among Bicycle Rider Behaviours, Anger, Aggression, and Crashes in

Finland. Safety 2022, 8, 18. [CrossRef]
32. Esmaeilikia, M.; Radun, I.; Grzebieta, R.; Olivier, J. Bicycle helmets and risky behaviour: A systematic review. Transp. Res. Part F

Traffic Psychol. Behav. 2019, 60, 299–310. [CrossRef]
33. Rahmillah, F.I.; Tariq, A.; King, M.; Oviedo-Trespalacios, O. Is distraction on the road associated with maladaptive mobile phone

use? A systematic review. Accid. Anal. Prev. 2023, 181, 106900. [CrossRef]
34. De Angelis, M.; Fraboni, F.; Puchades, V.M.; Prati, G.; Pietrantoni, L. Use of smartphone and crash risk among cyclists. J. Transp.

Saf. Secur. 2020, 12, 178–193. [CrossRef]

https://doi.org/10.31235/osf.io/78qgf
https://doi.org/10.55329/vfma7555
https://doi.org/10.1080/17450101.2021.1981117
https://doi.org/10.1016/j.aap.2022.106597
https://doi.org/10.1136/injuryprev-2018-042763
https://doi.org/10.1371/journal.pone.0221864
https://doi.org/10.1016/j.ssci.2021.105511
https://doi.org/10.3390/ijerph18052378
https://www.ncbi.nlm.nih.gov/pubmed/33804479
https://doi.org/10.3390/ijerph16132308
https://www.ncbi.nlm.nih.gov/pubmed/31261838
https://doi.org/10.1016/j.aap.2019.07.024
https://www.ncbi.nlm.nih.gov/pubmed/31419619
https://doi.org/10.1186/s12889-024-18282-7
https://www.ncbi.nlm.nih.gov/pubmed/38481219
https://doi.org/10.1177/21582440221105262
https://doi.org/10.1016/j.trf.2019.12.013
https://doi.org/10.1016/j.trf.2022.10.025
https://doi.org/10.1051/matecconf/202133402001
https://doi.org/10.1007/978-3-030-22375-5_4
https://doi.org/10.1016/j.ssci.2018.11.021
https://doi.org/10.1016/j.jth.2017.11.003
https://doi.org/10.1016/B978-0-12-381984-0.10004-9
https://doi.org/10.4045/tidsskr.22.0112
https://www.ncbi.nlm.nih.gov/pubmed/36066232
https://doi.org/10.4324/9780203771587
https://doi.org/10.1016/j.rmal.2022.100027
https://doi.org/10.1177/8756972819882132
https://doi.org/10.1175/JTECH-D-20-0069.1
https://doi.org/10.3390/safety8010018
https://doi.org/10.1016/j.trf.2018.10.026
https://doi.org/10.1016/j.aap.2022.106900
https://doi.org/10.1080/19439962.2019.1591559


Safety 2024, 10, 97 18 of 18

35. Stelling-Konczak, A.; Vlakveld, W.P.; Van Gent, P.; Commandeur, J.J.F.; Van Wee, B.; Hagenzieker, M. A study in real traffic
examining glance behaviour of teenage cyclists when listening to music: Results and ethical considerations. Transp. Res. Part F
Traffic Psychol. Behav. 2018, 55, 47–57. [CrossRef]

36. Kummeneje, A.M.; Rundmo, T. Attitudes, risk perception and risk-taking behaviour among regular cyclists in Norway. Transp.
Res. Part F Traffic Psychol. Behav. 2020, 69, 135–150. [CrossRef]

37. O’Hern, S.; Stephens, A.N.; Young, K.L.; Koppel, S. Personality traits as predictors of cyclist behaviour. Accid. Anal. Prev. 2020,
145, 105704. [CrossRef] [PubMed]

38. Zavareh, M.F.; Hezaveh, A.M.; Nordfjærn, T. Intention to use bicycle helmet as explained by the Health Belief Model, comparative
optimism and risk perception in an Iranian sample. Transp. Res. Part F Traffic Psychol. Behav. 2018, 54, 248–263. [CrossRef]

39. Engbers, C.; Dubbeldam, R.; Brusse-Keizer, M.G.J.; Buurke, J.H.; De Waard, D.; Rietman, J.S. Characteristics of older cyclists (65+)
and factors associated with self-reported cycling accidents in the Netherlands. Transp. Res. Part F Traffic Psychol. Behav. 2018, 56,
522–530. [CrossRef]

40. Schepers, P.; de Geus, B.; Van Cauwenberg, J.; Ampe, T.; Engbers, C. The perception of bicycle crashes with and without motor
vehicles: Which crash types do older and middle-aged cyclists fear most? Transp. Res. Part F Traffic Psychol. Behav. 2020, 71,
157–167. [CrossRef]

41. Ayuso, M.; Sánchez, R.; Santolino, M. Does longevity impact the severity of traffic crashes? A comparative study of young-older
and old-older drivers. J. Saf. Res. 2020, 73, 37–46. [CrossRef]

42. Twisk, D.A.M.; Vlakveld, W.P.; Commandeur, J.J.F.; Shope, J.T.; Kok, G. Five road safety education programmes for young
adolescent pedestrians and cyclists: A multi-programme evaluation in a field setting. Accid. Anal. Prev. 2014, 66, 55–61. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.trf.2018.02.031
https://doi.org/10.1016/j.trf.2020.01.007
https://doi.org/10.1016/j.aap.2020.105704
https://www.ncbi.nlm.nih.gov/pubmed/32771694
https://doi.org/10.1016/j.trf.2018.02.003
https://doi.org/10.1016/j.trf.2018.05.020
https://doi.org/10.1016/j.trf.2020.03.021
https://doi.org/10.1016/j.jsr.2020.02.002
https://doi.org/10.1016/j.aap.2014.01.002

	Introduction 
	Cycling Safety-Related Discouragers, Challenges, and Behavioral Affairs 
	Study Aim and Hypothesis 

	Materials and Methods 
	Participants 
	Data Collection Procedure 
	Study Variable Measurement 
	The Cycling Behavior Questionnaire 
	Cyclist Risk Perception and Regulation Scale (RPRS) 

	Mathematical Statistics 

	Results 
	Traffic Violations 
	Riding Errors 
	Positive Behaviors 
	Traffic Safety Literacy 
	Interrelationships Between Demographics, Crash Rates, and Cyclist Behavior 
	Key Risk Factors and Safety Hazards Among Cyclist Groups 
	Path Analysis 

	Discussion 
	Behavioral Correlates and Safety-Related Outcomes 
	Behavioral and Literacy-Related Predecessors of Crash Involvement History 
	Risky Behavior and Crash History: An Age-Based Perspective 
	Does Traffic Safety Literacy “Matter” for Cycling Behavior? 
	Limitations of This Study 

	Conclusions 
	References

