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1. VERSIÓN EN CASTELLANO 

Resumen 

Aunque los accidentes de tráfico constituyen desde hace décadas un serio problema 

de salud pública, la alta vulnerabilidad de grupos de usuarios específicos -entre ellos 

los ciclistas- ha dado lugar a una especial preocupación a nivel social, político y 

científico a lo largo del último lustro. Además, la evidencia reciente sugiere que 

durante los próximos años la utilización de la bicicleta como medio transporte urbano 

aumentará sustancialmente, lo que dará lugar también a un incremento de las lesiones 

y muertes entre los usuarios de este sistema de movilidad.  

En este contexto, uno de los factores con mayor peso explicativo de la siniestralidad 

vial es el comportamiento de los usuarios; sin embargo, las evidencias empíricas sobre 

el comportamiento de los ciclistas y su relación con los accidentes de tráfico siguen 

siendo muy limitadas. En respuesta a ello, en este compendio de investigación se 

presentan los productos científicos de un estudio empírico de carácter internacional 

desarrollado en la Universitat de València, en el cual participaron 1,064 ciclistas de 

20 países y en el que se abordó las relaciones entre las características 

sociodemográficas, hábitos de desplazamiento, los comportamientos viales y su 

efecto en la dinámica seguridad-siniestralidad vial de los ciclistas. Finalmente, en el 

apéndice se pueden encontrar los artículos contenidos en compendio, publicados 

originalmente en el idioma inglés en revistas científicas de alto impacto, con la 

traducción correspondiente de su resumen a la lengua castellana. 

 

 



 
Useche, S.A., 2018 

 6 

Presentación 

El uso de medios alternativos de transporte, entre ellos la bicicleta y los 

dispositivos de movilidad personal, ha experimentado un crecimiento sustancial 

durante las últimas décadas (Küster, 2013; Stewart, Anokye & Pokhrel, 2015). Este 

aumento puede considerarse como un indicador favorable, considerando el 

tradicionalmente adverso panorama del transporte urbano en cuanto a, por ejemplo, 

emisiones de gases contaminantes, falta de espacio, congestión del tráfico o 

problemas de seguridad. Estos factores han contribuido -a su vez- a que la política 

pública tienda a estimular el menor uso del vehículo automotor como recurso 

primordial para los desplazamientos urbanos, sobre todo si se tiene en cuenta que, con 

frecuencia, este es perfectamente prescindible para el caso de viajes cortos y tiende a 

representar, en comparación con el transporte alternativo, altos costes económicos 

para la mayoría de los usuarios. 

En otras palabras, la mayor parte de las políticas de sostenibilidad en el 

transporte de los últimos años tienden, en la actualidad, a promover una reducción 

progresiva en el uso de vehículos motorizados y a incentivar el empleo de medios de 

transporte alternativos cuyos beneficios a corto, mediano y largo plazo permitan 

conseguir una mejora sustancial en la calidad de vida de la comunidad y la seguridad 

en el tráfico (Lois, Moriano & Rondinella, 2015; Comisión Europea, 2014). 

 

Beneficios del transporte alternativo 

No son pocos los estudios que demuestran los diferentes beneficios sociales, 

medioambientales y de salud que representa la sustitución de los viajes en vehículos 
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motorizados, por medios de transporte que posibilitan la reducción del uso de los 

combustibles fósiles, el aumento de la actividad física y una interacción más positiva 

entre los usuarios viales, fortaleciendo una progresiva inmersión en una movilidad 

más sostenible y amigable para el usuario en sus distintas esferas (Pucher & Buehler, 

2017). 

En ámbito económico, el uso de los medios alternativos de transporte 

representa una importante reducción en los costes de desplazamiento para los usuarios 

y grandes beneficios macroeconómicos para los países (Fishman, Schepers & 

Kamphuis, 2015). Además, el uso de vehículos no motorizados puede disminuir 

sustancialmente la duración de los viajes cortos y de medio recorrido, la congestión 

general del tráfico urbano y, por lo general, reduce de manera sensible las dificultades 

de estacionamiento y almacenamiento que con frecuencia experimentan los usuarios 

de los vehículos más tradicionales (Acheampong, 2017; Moudon et al., 2005). A nivel 

social y como resultado del énfasis político que se les ha dado hasta el día de hoy, 

medios alternativos de transporte como la bicicleta, fortalecen el desarrollo de una 

cultura de movilidad más humana y sostenible que, a su vez, tiende a incrementar el 

capital humano y favorecer la inclusión y equidad social (Heesch & Sahlqvist, 2013; 

Yang et al., 2010). 

En lo que respecta a la salud y, aunque algunos estudios han incidido sobre la 

cantidad de riesgos que puede suponer la ausencia de seguridad vial y las condiciones 

adversas del entorno urbano (p.e. polución, congestión, infraestructura inadecuada, 

etc.), la mayoría de los usuarios de medios alternativos de transporte han llegado a la 

conclusión de que -en una lógica de costo/beneficio- sistemas de desplazamiento 
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como la bicicleta traen más resultados positivos que negativos para la salud física y 

mental de sus usuarios (De Hartog, Boogard, Nijland & Hoek, 2010; Rojas-Rueda, 

De Nazelle, Tainio & Nieuwenhuijsen, 2011; Fishman, Schepers & Kamphuis, 2015). 

En síntesis, las investigaciones de carácter empírico que han abordado los beneficios 

en salud del ciclismo en entornos urbanos, han concluido que la movilidad con 

bicicleta  implica, por ejemplo: una reducción sustancial del riesgo de enfermedad 

respiratoria, cardiovascular, cáncer (Oja et al., 2011), diabetes tipo II -altamente 

vinculada al sobrepeso- (De Hartog, Boogard, Nijland & Hoek, 2010; Hu et al., 2004), 

la hipertensión, el consumo de alcohol y tabaquismo (Hollingworth, Harper & Hamer, 

2015) y diferentes enfermedades crónicas (Rojas-Rueda, De Nazelle, Tainio & 

Nieuwenhuijsen, 2011; Andersen, Schnohr, Schroll & Hein, 2000). Asimismo, se ha 

comprobado que hay una mayor esperanza de vida entre los usuarios regulares de 

transportes alternativos cuando estos implican la práctica de actividad física, ya que 

favorecen el desarrollo de estilos de vida más saludables (Fishman, Schepers & 

Kamphuis, 2015; Oja et al., 2011; Yang et al., 2010). 

 

Riesgos, vulnerabilidad y severidad de los accidentes en bicicleta: La 

otra cara de la moneda 

Como toda actividad supeditada a las dinámicas y problemáticas del 

transporte, el ciclismo conlleva diversos riesgos para sus usuarios, los cuales explican 

una alta vulnerabilidad a sufrir accidentes de tráfico y lesiones derivadas de estos. 

Diferentes estudios han coincidido en señalar que las consecuencias de los accidentes 

de tráfico sobre los usuarios viales más vulnerables constituyen, hoy en día, el mayor 
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reto la seguridad viaria a nivel global (Tiwari, 2018; Khorasani Zavareh et al., 2015; 

Constant & Lagarde, 2010). En el caso de los ciclistas y considerando que, 

prospectivamente, este modo de transporte continuará aumentando en uso y 

frecuencia a lo largo de los próximos años, las cifras de siniestralidad aportan, a nivel 

global, un panorama ciertamente desafiante para la práctica de la seguridad vial.  

Algunos datos relevantes en este contexto: tan sólo en Europa, durante el 

período comprendido entre los años 2006-2015, un total de 22,895 ciclistas perdieron 

la vida como consecuencia de accidentes de tráfico (European Road Safety 

Observatory, 2017). En el caso particular de España, a lo largo de los últimos 10 años 

(con datos consolidados) han fallecido en total 656 ciclistas, otros 5,725 han sufrido 

lesiones leves (sin hospitalización) y 41,849 han resultado gravemente heridos (con 

hospitalización) como consecuencia de un accidente (DGT, 2017). Estos datos son 

una muestra de que, pese al problema aún vigente del sub-registro estadístico, en los 

accidentes de tráfico la mayoría de las lesiones sufridas por los ciclistas, aunque no 

comúnmente mortales, revisten de una altísima severidad. 

El riesgo vial al que están expuestos los ciclistas, sumado a la escasa 

adaptación infraestructural de la mayoría de las ciudades actuales a este modo de 

transporte y los insuficientes avances estratégicos, legislativos y culturales en este 

sentido (Buehler & Pucher, 2017; Forjuoh, 2003), son quizás las barreras más 

importantes para la adecuada integración del ciclismo en las dinámicas del transporte 

urbano (Biernat, Buchholtz & Bartkiewicz, 2018; Pucher & Dijkstra, 2003). 

En otras palabras, a pesar de los beneficios para la salud pública anteriormente 

enumerados, el ciclismo implica una serie de riesgos potenciales que influyen, a su 
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vez, en la elección del modo de transporte. Concretamente, Int Panis (2011) logró 

establecer que el riesgo de accidente representa, en la actualidad, una preocupación 

fundamental para los ciclistas que puede influir en su intención de utilizar menos (o 

prescindir de) la bicicleta como medio de transporte. Además, De Hartog, Boogard, 

Nijland y Hoek (2010) han señalado algunos "efectos secundarios" relacionados con 

la esfera ambiental: la exposición prolongada a factores como la contaminación del 

aire y la ausencia de infraestructuras adecuadas pueden constituir riesgos graves para 

la salud y seguridad de los ciclistas. Un estudio realizado por Winters et al. (2012) 

encontró también que la decisión de usar transportes alternativos como la bicicleta, se 

ve negativamente afectada por las percepciones de inseguridad que tienen muchos 

potenciales ciclistas, lo que plantea la necesidad de fortalecer aquellos elementos 

relacionados con la seguridad, cultura e interacciones con otros usuarios viales a 

través de programas educativos y políticas públicas de promoción del transporte 

alternativo. 

En respuesta a ello, la política en transporte de varios países industrializados 

se ha centrado no sólo en aumentar la cantidad y calidad de elementos de protección 

(p.e. carriles bici, seguridad pasiva, señalización adecuada, más educación vial, etc.), 

sino también en generar conocimiento, campañas e intervenciones dirigidas a reducir 

el riesgo vial y la prevalencia de factores potencialmente desestimulantes. Estas 

acciones han tenido como objeto central el garantizar un crecimiento sistemático y 

sostenible en el ciclismo y otros modos de transporte alternativos (Stewart, Anokye 

& Pokhrel, 2015; Caulfield, 2014; Goodman, Sahlqvist & Oglivie, 2013; Yang et al., 

2010). Son sin embargo muchos los vacíos que quedan aún por llenarse en países en 
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vía de desarrollo, e incluso en algunos de la Unión Europea (como es el caso de 

España), en donde la ausencia de programas de formación y educación vial para 

usuarios de vehículos alternativos, que además pueden no estar en posesión de un 

permiso de conducir, representa un factor altamente negativo para la seguridad vial 

de todos (Alonso, Esteban, Useche & Manso, 2016: Shell et al., 2015).  

 

El rol fundamental del comportamiento en la seguridad vial de los 

ciclistas 

Las investigaciones científicas han demostrado de manera sistemática que los 

el factor humano es la principal causa de los accidentes viales que derivan en heridas 

y muertes sufridas por los usuarios viales (Alavi et al., 2017; Montoro et al., 2000; 

Petridou & Moustaki, 2000), sobre todo de aquellos que presentan una mayor 

vulnerabilidad a nivel de “seguridad pasiva”, es decir que -salvo el casco y algunos 

accesorios cuyo uso ciertamente no está generalizado- no disponen de sistemas 

avanzados de seguridad pasiva que les protejan de sufrir graves heridas o la muerte 

como consecuencia del accidente de tráfico, aumentando considerablemente la 

probabilidad de que se deriven consecuencias graves para su integridad (Constant, 

Messiah, Felonneau & Lagarde, 2012; Thompson, Rivara, & Thompson, 2000). 

Sumado a ello, la evidencia empírica reciente sugiere que, en la mayoría de los 

casos, los ciclistas que sufren accidentes de tráfico -y sus respectivos vehículos- 

desempeñan un papel activo en su causación, esencialmente relacionada con la 

presencia de comportamientos de riesgo, sean estos o no de carácter voluntario 

(Martínez-Ruíz et al., 2013). Un ejemplo de ello fue lo descubierto en la investigación 
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de Orsi et al. (2014) que, comparativamente, determinó que la causalidad en los 

accidentes que involucran a los ciclistas está ampliamente explicada por factores 

como el uso de elementos de seguridad adecuados, los comportamientos de riesgo, el 

consumo de alcohol y las distracciones al circular. 

Visto esto desde otra óptica, es importante destacar de nuevo ese factor 

fundamental que se mencionaba anteriormente -la no obligatoriedad de la formación 

vial y la marcada ausencia de educación vial- como un determinante esencial para la 

prevención del comportamiento de riesgo y, subsecuentemente, la disminución de la 

probabilidad de accidente de los ciclistas y demás usuarios viales (Alonso, Esteban, 

Useche & Manso, 2016). 

 

El papel diferencial de las conductas de riesgo y de protección 

En general, el estudio del comportamiento vial de los diferentes usuarios del 

transporte urbano ha experimentado un avance excepcional a lo largo de los últimos 

30 años, precedido por el desarrollo de instrumentos orientados a la evaluación de la 

conducta y sus implicaciones en la seguridad vial, que fue sustancialmente impulsado 

por Reason et al. (1990) con el desarrollo del conocido “Driving Behavior 

Questionnaire” o DBQ. Este avance metodológico significó -en breve- un antes y un 

después en la aproximación al factor humano de la seguridad vial, basándose en el 

supuesto demostrado a lo largo del tiempo de que los comportamientos del usuario 

vial (errores y violaciones) constituyen potentes predictores de los accidentes de 

tráfico (Alavi et al., 2017; Penmetsa & Pulugurtha, 2017; West, French, Kemp & 

Elander, 1993; Parker, Reason, Manstead & Stradling, 1995). Sin embargo, el 
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paradigma de uso de los cuestionarios de comportamiento (BQ, por sus siglas en 

inglés) en el estudio del factor humano en la seguridad vial, tiene tres limitaciones 

esenciales: 

Primero, su esfera analítica ha estado predominantemente reducida al estudio 

del comportamiento de los conductores de vehículos convencionales (tipo turismo) y 

sólo en los últimos años ha empezado a aplicar a otros usuarios viales específicos, a 

través de adaptaciones de la escala original, como las desarrolladas en los últimos 

años para conductores de transporte público (Useche, Gómez & Cendales, 2017) y 

motoristas (Elliot, Baughan & Sexton, 2007). Para el caso concreto de los ciclistas, 

sin embargo, sólo recientemente se han desarrollado instrumentos similares para la 

medición del comportamiento vial, siendo los instrumentos más amplios en contenido 

el “Adolescent Cyclist Behavior Questionnaire (ACBQ)” (Feenstra et al., 2011), el 

“Bicycle Rider Behavior Questionnaire (BRBQ)” desarrollado por Hezaveh, Zavareh, 

Cherry & Nordfjærn (2018), y el “Cyclist Behavior Questionnaire” (CBQ) 

desarrollado y validado por Useche, Montoro, Tomas & Cendales (2018), e incluido 

como parte de este compendio de investigación. 

Segundo, este paradigma se basa en medidas de auto-reporte, que implican 

serias limitaciones y dificultades metodológicas que el investigador debe suplir a 

través del diseño del estudio y análisis de los resultados (Af Wåhlberg, Dorn & Kline, 

2009; Wishart, Freeman & Davey, 2006; Podsakoff, McKenzie, Lee & Podsakoff, 

2003), pero son constantemente omitidas por los investigadores al realizar 

generalizaciones e inferencias que exceden las capacidades reales del método. 
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Por último, y en general, el espectro de examinación del paradigma BQ está 

limitado al comportamiento riesgoso, asumiendo prototípicamente que este último se 

asocia positivamente con la probabilidad de sufrir un accidente de tráfico, pero 

obviando el rol del comportamiento positivo. El primer gran avance en este respecto 

tardó varias décadas en llegar, siendo desarrollado por Özkan & Lajunen (2005), 

quienes diseñaron una escala suplementaria (comportamientos positivos) para el 

DBQ, en la cual se puso de manifiesto que, sin ser antagónicos ni excluyentes, los 

comportamientos positivos y negativos, afectan diferencialmente la seguridad vial de 

los conductores. Esta hipótesis ha sido confirmada en otros estudios recientes, entre 

los que destaca el desarrollado por Shen et al. (2018), quienes resaltaron la 

importancia del estudio de la conducta de protección como un elemento fundamental 

para la investigación en seguridad vial. 

 

En el caso específico de este trabajo de investigación, el desarrollo de una sub-

escala de comportamientos viales “positivos” en ciclistas representa, quizás, una de 

las más importantes contribuciones del CBQ a la investigación sobre seguridad vial 

en usuarios vulnerables, supliendo la visión hegemónica del comportamiento de 

riesgo como único factor de estudio en esta población, considerando que -en la praxis- 

el fortalecimiento del comportamiento positivo (y prosocial) ha demostrado estar 

relacionadas con mejoras sustanciales en la cultura de seguridad vial y las tasas de 

accidentalidad (Bonham & Johnson, 2018). 
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Objetivos del compendio 

La primera fase de este proyecto, sobre la cual se han estructurado los artículos 

publicados que se presentan en este compendio, ha estado orientada en su objetivo 

general al desarrollo de un estudio internacional que permita establecer las relaciones 

entre las características sociodemográficas, hábitos de desplazamiento, los 

comportamientos viales y su efecto en la seguridad y siniestralidad vial de los usuarios 

viales vulnerables. En esta primera etapa, se abordó específicamente el caso de los 

ciclistas. 

Esta fase del estudio contó con los siguientes objetivos específicos, en 

concordancia con cada uno de sus productos de investigación (artículos publicados) 

incluidos en el compendio de investigaciones: 

 

1) Desarrollar y validar un cuestionario para el estudio del comportamiento 

vial de los ciclistas (DOI: 10.1016/j.trf.2018.08.003). 

2) Examinar el efecto de variables como el género sobre los 

comportamientos de riesgo y protección de los ciclistas, junto con otras 

características socio-demográficas y hábitos de desplazamiento (DOI: 

10.1016/j.aap.2018.05.022). 

3) Estudiar la relación existente entre los factores humano e infraestructural 

en la predicción de los accidentes de tráfico de los ciclistas (DOI: 

10.3390/su10020299). 

4) Explorar la prevalencia de las distracciones viarias como especial factor 

de riesgo de accidente, y estudiar su asociación con los comportamientos 



 
Useche, S.A., 2018 

 16 

potencialmente peligrosos (i.e. errores y violaciones de tráfico) que 

contribuyen a explicar los accidentes viales sufridos por ciclistas (DOI: 

10.7717/peerj.5616). 

 

Síntesis de resultados 

En concordancia con los objetivos establecidos para la realización del estudio, 

el resultado o aportación central de este compendio de investigación es la cantidad de 

cuatro (4) artículos científicos originales, todos ellos desarrollados en el marco del 

estudio sobre seguridad vial en usuarios vulnerables, específicamente la temática del 

comportamiento y la accidentalidad de los ciclistas. 

 

Los cuatro artículos están firmados por el doctorando como primer autor, y han 

sido previamente 1) evaluados por pares, 2) aceptados y 3) publicados en lengua 

inglesa exclusivamente en revistas especializadas de alto impacto, debidamente 

indexadas de los primeros dos cuartiles (Q1 y Q2) según los índices JCR (Journal 

Citation Reports) y SJR (Scientific Journal Rankings) del último año. 

 

Nota: Para conocer los resultados específicos de cada uno de los productos, 

ver los textos completos en la sección Anexos. 
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Conclusiones del compendio 

 El desarrollo de los productos científicos incluidos en este compendio de 

investigaciones ha permitido, en concordancia con el objetivo general de cada uno de 

estos artículos y sus aportaciones originales, establecer las siguientes conclusiones: 

1) El CBQ (Cuestionario de Comportamiento de Ciclistas) es una herramienta 

psicométricamente adecuada y con un importante potencial para el estudio de 

las conductas positivas y de riesgo, dada su sensibilidad a características y 

hábitos de los ciclistas. 

2) El género y otras variables demográficas y psicosociales de los ciclistas, tienen 

un claro efecto diferencial en sus comportamientos viales, tanto de riesgo 

como positivos.  

3) Las condiciones infraestructurales y el factor humano ejercen una influencia 

conjunta en los accidentes viales de los ciclistas, por lo cual es indispensable 

la articulación de estas dos esferas para la mejora de su seguridad viaria. 

4)  Las distracciones viales presentan una alta prevalencia entre los ciclistas y 

tienen un efecto relevante sobre los accidentes de tráfico que sufren, a través 

de la mediación del comportamiento de riesgo. 

 

Aspectos éticos de la investigación base 

Finalmente, y aunque ello conste ya en los artículos adjuntos, las consideraciones 

éticas son de relevancia fundamental en la investigación. Por ello, es preciso resaltar 

que para este proceso, además de garantizar los principios de transparencia, 

voluntariedad y confidencialidad de la información proporcionada por los 
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participantes, todo ello plasmado en un formato de Consentimiento Informado, el 

estudio base sobre el que se desarrollaron los productos de este compendio de 

investigación contó con la aprobación del Comité Ético de Investigación en Humanos 

de la Universitat de València (IRB – número de aprobación: H1517828884105), en 

concordancia con lo establecido por la Declaración de Helsinki para este tipo de 

investigaciones con seres humanos (ver documento de Aval Ético en la sección 

Anexos). 
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2. ENGLISH VERSION 

Abstract 

Even though traffic accidents have been a serious public health issue for decades, the 

high vulnerability of some specific groups of users – among them, cyclists- has led to 

a particular social, political and scientific concern during the past ten years. Moreover, 

recent evidence suggests that during the next years the use of bicycles as an urban 

transportation mode will substantially rise, which will also lead to more injuries and 

deaths among users of this mobility system.  

In this context, one of the factors with the highest explicative value for the reported 

accident rates is the behavior of users: however, empirical evidence on the behavior 

of cyclists and their relation to traffic accident is yet very limited. As a response, the 

scientific products of an empirical, international study carried out at the University of 

Valencia are presented in this compendium: 1,064 cyclists from 20 countries 

participated in the study, which addressed the relations between demographic 

characteristics, transportation habits, road behaviors and their effect on the dynamics 

of road accident-safety experienced by cyclists. Finally, in the appendix, articles 

originally published in English and in high impact journals are listed, with the 

corresponding translation of the abstracts into Spanish.  
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Introduction 

The use of alternative transport modes, among which we find bicycles, and 

personal mobility devices, has experienced a substantial growth during the last 

decades (Küster, 2013; Stewart, Anokye & Pokhrel, 2015). This growth can be 

considered a favorable indicator, considering the traditionally adverse situation of 

urban transportation for what concerns, for instance, the emission of pollutant gases, 

the lack of space, the congestion of traffic or the safety issues.  

These factors have contributed – in turn – to the fact that public policies tend 

to foster a lower use of motor vehicles as primary source of urban movements, 

especially if we consider that, quite frequently, the vehicle is perfectly nonessential in 

the case of short trips, and it also tends to represent, compared with alternative modes 

of transportation, high economic costs for most of the users.  

In other words, the biggest part of transportation sustainability policies 

currently tends to promote a progressive reduction of the use of motor vehicles and to 

foster the use of alternative transportation means whose benefits, in the near, medium 

and long term, may lead to a substantial improvement in the quality of life of the 

community and to safety in traffic (Lois, Moriano & Rondinella, 2015; Comisión 

Europea, 2014). 

 

Benefits of alternative transportation 

There is no shortage of studies which prove the different social, environmental 

and health benefits represented by the substitution of motor vehicles in favor of 

transport means that enable the reduction of fossil fuels, the increase of physical 
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activity and a more positive interaction among road users, thus strengthening the 

progressive immersion in a more sustainable and user-friendly (in different areas) 

mobility (Pucher & Buehler, 2017). 

Economically speaking, the use of alternative means of transportation 

represents an important reduction of travel costs for the user, and high macroeconomic 

benefits for the country (Fishman, Schepers & Kamphuis, 2015). 

Moreover, the use of non-motor vehicles can substantially decrease the 

duration of short and medium trips, the congestion of traffic, and, in general, it 

sensibly decreases the parking problems generally experienced by users of more 

traditional vehicles (Acheampong, 2017; Moudon et al., 2005). 

On a social level, and as a result of the political emphasis that has been given 

to them up to now, alternative transport modes such as bikes strengthen the 

development of a more human and sustainable mobility culture, which, in turn, tends 

to enhance the human capital and foster social equality and inclusion (Heesch & 

Sahlqvist, 2013; Yang et al., 2010). 

For what concerns health, and even though some studies have had an incidence 

in the amount of risk that the absence of road safety and the bad condition of the road 

environment (i.e., pollution, congestions, inappropriate infrastructures, etc.) can 

suppose, the majority of users who employ alternative transport modes have come to 

the conclusion that – in a cost/benefit logic – travel systems such as bikes bring more 

positive than negative results for what concerns the physical and mental health of 

users (De Hartog, Boogard, Nijland & Hoek, 2010; Rojas-Rueda, De Nazelle, Tainio 

& Nieuwenhuijsen, 2011; Fishman, Schepers & Kamphuis, 2015).  
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In brief, empirical researchers which have addressed the health benefits of 

cycling in urban environments have come to the conclusion that traveling by bike 

implies, for instance: a substantial reduction of the risk of respiratory or 

cardiovascular diseases and cancer (Oja et al., 2011), type II diabetes – highly linked 

to being overweight - (De Hartog, Boogard, Nijland & Hoek, 2010; Hu et al., 2004), 

hypertension, alcohol consumption and smoking (Hollingworth, Harper & Hamer, 

2015), and various chronic illnesses (Rojas-Rueda, De Nazelle, Tainio & 

Nieuwenhuijsen, 2011; Andersen, Schnohr, Schroll & Hein, 2000). Likewise, it has 

been proven that there is a higher life expectancy among regular users of alternative 

transport modes when these imply physical activity, since they enhance the 

development of healthier lifestyles (Fishman, Schepers & Kamphuis, 2015; Oja et al., 

2011; Yang et al., 2010). 

 
 

Risks, vulnerability and severity of bicycle accidents: The flip side of 

the coin 

As any activity subject to the dynamics and problems of transportation, cycling 

implies various risks for its users, which explains the high vulnerability of cyclists to 

suffer traffic accidents and their consequent injuries.  

Different studies have agreed on pointing out that the consequences of traffic 

accidents on the most vulnerable road users nowadays represent the biggest global 

challenge to road safety (Tiwari, 2018; Khorasani Zavareh et al., 2015; Constant & 

Lagarde, 2010). 
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In the case of cyclists, and taking into account that, in perspective, this 

transportation mode will keep being used more and more and with more and more 

frequency throughout the next years, the accident rates depict, on a global level, a 

certainly challenging situation for the practice of road safety.   

Some relevant data about this topic: just in Europe, in the years between 2006 

and 2015, a total number of 22,895 cyclists died as a consequence of traffic accidents 

(European Road Safety Observatory, 2017). 

In the specific case of Spain, during the last 10 years (and supported by data), 

656 cyclists have died, 5,725 have suffered mild injuries (no hospital treatment 

required), and 41,849 have been severely injured (and needed hospital treatment) as a 

consequence of traffic accidents (DGT, 2017). 

These data are a proof of the fact that, despite the still existing problem of 

statistical underreport, most of the injuries suffered by cyclists (even though they are 

usually not deadly) are highly severe.  

The road risk of cyclists, in addition to the scarce infrastructural adaptation of 

most cities to this transportation mode and to the insufficient strategical, legal and 

cultural advances in this sense (Buehler & Pucher, 2017; Forjuoh, 2003), are maybe 

the most relevant barriers to the adequate integration of cycling in the dynamics of 

urban transportation (Biernat, Buchholtz & Bartkiewicz, 2018; Pucher & Dijkstra, 

2003). 

In other words, despite the benefits for public health that we have previously 

mentioned, cycling implies a number of potential risks which in turn influence the 

choice of a transport mode. Concretely, Int Panis (2011) succeeded in establishing 
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that accident risk represents, nowadays, a fundamental concern for cyclists, and it can 

influence their decision to use (or not) the bike as a transportation mode. Moreover, 

De Hartog, Boogard, Nijland y Hoek (2010) have pointed out some “side effects” 

related to the environmental sphere: prolonged exposure to factors such as air 

pollution and lack of adequate infrastructures can constitute a severe risk for the health 

and safety of cyclists. A study conducted by Winters et al. (2012) found out that the 

decision of using alternative transport modes such as bikes is negatively affected by 

the lack of safety of many potential cyclists, which raises the need of strengthening 

the elements related to safety, culture and interactions with other road users through 

educational programs and public policies that promote alternative modes of 

transportation.  

In response to this, the transport policy of various industrial countries has been 

focusing not only on increasing the number and quality of protection elements (such 

as bicycle lanes, passive safety, adequate signaling, more road safety education etc.), 

but also on creating knowledge, campaigns and interventions, aimed at reducing the 

road risk and the prevalence of potentially discouraging factors. These actions have 

had as their main purpose to guarantee a systematic and sustainable growth of cycling, 

and of other alternative modes of transportation (Stewart, Anokye & Pokhrel, 2015; 

Caulfield, 2014; Goodman, Sahlqvist & Oglivie, 2013; Yang et al., 2010). However, 

there are yet many voids to fill in developing countries, or even in some European 

countries (such as in the case of Spain), where the absence of training and educational 

programs for users of alternative vehicles, who can, moreover, not even possess a 
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driving license, represents a highly negative factor for everyone’s road safety (Alonso, 

Esteban, Useche & Manso, 2016: Shell et al., 2015).  

 
 

The essential role of road behavior in the safety of cyclists 

Scientific researches have systematically proved that the human factor is the 

main cause of road accidents which result in death and injuries suffered by road users 

(Alavi et al., 2017; Montoro et al., 2000; Petridou & Moustaki, 2000), especially those 

who present a higher vulnerability of “passive safety”, meaning –except for helmets 

and other tools whose use is not generalized – those who do not have advanced 

systems of passive safety that may protect them from suffering severe injuries, or even 

death, as a consequence of a traffic accident, thus considerably increasing the 

probability of experiencing severe consequences for their integrity (Constant, 

Messiah, Felonneau & Lagarde, 2012; Thompson, Rivara, & Thompson, 2000).  

In addition to this, the recent empirical evidence suggests that, in the majority 

of cases, cyclists – and their vehicles - who suffer traffic accidents play an active role 

in causing them, essentially in relation to the presence of risky behaviors, being these 

voluntary or not (Martínez-Ruíz et al., 2013). An example of this was what Orsi et al. 

(2014) discovered in their investigation, which, comparatively, determined that the 

causality of accidents involving cyclists is widely explained through factors such as 

use of appropriate safety elements, risky behaviors, alcohol consumption and 

distractions during cycling.  

Looking at it from another perspective, it is important to highlight once more 

the essential factor which has been previously mentioned – the non-mandatory road 
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training and the clear lack of road education – as a fundamental determinant in the 

prevention of risky behaviors and, subsequently, the decrease of accident probability 

for cyclists and other road users (Alonso, Esteban, Useche & Manso, 2016). 

 
 

The differential role of risky and protective behaviors 

Overall, the study of the road behavior of different urban transportation users 

has gone through an exceptional advance during the past 30 years, preceded by the 

development of instruments oriented towards the assessment of behaviors and their 

implication in road safety, which was substantially boosted by Reason et al. (1990) 

with the development of the well-known “Driving Behavior Questionnaire”, or DBQ. 

This methodological advance marked – to say it briefly- a before and after in the 

approach to human factor in road safety, based on the demonstrated assumption that 

the behaviors of road users (errors and violations) constitute a powerful predictors of 

traffic accidents (Alavi et al., 2017; Penmetsa & Pulugurtha, 2017; West, French, 

Kemp & Elander, 1993; Parker, Reason, Manstead & Stradling, 1995). 

However, the paradigm used in the behavioral questionnaires (BQ) in the 

study of the human factor in road safety has three essential limitations: 

First, its analytical sphere has been predominantly reduced to the study of the 

behavior of drivers of conventional vehicles (touristic type), and only in the past few 

years it has started to be applied to other specific users, through an adaptation of the 

original scale, such as the one recently developed for drivers of public transportation 

(Useche, Gómez & Cendales, 2017) and motorists (Elliot, Baughan & Sexton, 2007). 
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In the specific case of cyclists, however, it is only recently that similar tools 

have been designed to measure their road behavior, the ones with the widest content 

being the “Adolescent Cyclist Behavior Questionnaire (ACBQ)” (Feenstra et al., 

2011), the “Bicycle Rider Behavior Questionnaire (BRBQ)” developed by Hezaveh, 

Zavareh, Cherry & Nordfjærn (2018), y el “Cyclist Behavior Questionnaire” (CBQ) 

developed and assessed by Useche, Montoro, Tomas & Cendales (2018), and included 

as a part of this research compendium.  

Second, this paradigm is based on self-report measures, which imply a series 

of limitations and methodological difficulties that researches must supply through the 

study design and the analysis of the results (Af Wåhlberg, Dorn & Kline, 2009; 

Wishart, Freeman & Davey, 2006; Podsakoff, McKenzie, Lee & Podsakoff, 2003); 

however, these measures are constantly omitted by researchers when they generalize 

and make inferences which exceed the real capability of the method. 

 

Last, and in general, the spectrum for examining the BQ paradigm is limited 

to risky behaviors, prototypically assuming that the latter is positively associated with 

the probability of suffering a traffic accident, but thus bypassing the role played by 

positive behaviors.  

It took several decades to see the first great advance in this field, and this was 

developed by Özkan & Lajunen (2005), who designed a supplementary scale (positive 

behaviors) for the DBQ. The scale manifested that, without being antagonistic nor 

exclusive, positive behaviors differentially affect the road safety of drivers. This 

hypothesis has been confirmed by other recent studies, among which the one carried 
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out by Shen et al. (2018) particularly stands out: they highlighted the importance of 

studying protective behaviors as an essential element for the research in road safety.  

In the specific case of the present research work, the development of a scale 

for “positive” road behaviors of cyclists represents perhaps one of the most important 

contribution of the CBQ to the research on road safety of vulnerable users, replacing 

the hegemonic vision of risky behaviors as the one and only study factor of this 

population, considering that –in practice- the strengthening of positive (or prosocial) 

behaviors has proven to be associated with substantial improvements in road safety, 

and also with accident rates (Bonham & Johnson, 2018). 

 

Objectives of the compendium 

 
The first phase of this project, around which the published articles presented in this 

compendium were structured, was oriented in its general purpose towards the 

development of an international study which could allow us to establish the relation 

between sociodemographic characteristics, travel habits, road behaviors and their 

effects on the road safety and accident rates of vulnerable road users.  

In this first step, the case of cyclists was specifically addressed.  

This phase of the study involved the following specific objectives, accordingly with 

each one of their research products (published articles), included in the research 

compendium:  

1) Developing and validating a questionnaire aimed at studying the road 

behavior of cyclists (DOI: 10.1016/j.trf.2018.08.003) 
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2) Examining the effect of variables such as gender on risky and protective 

behaviors of cyclists, together with other sociodemographic 

characteristics and travel habits (DOI: 10.1016/j.aap.2018.05.022). 

3) Studying the existing relationship between human and infrastructural 

factors in the prediction of cyclists’ traffic accidents (DOI: 

10.3390/su10020299). 

4) Exploring the prevalence of several distractions as special risk factors of 

accidents, and studying their association with potentially dangerous 

behaviors (i.e. errors and traffic infractions) which contribute to the 

explanation of traffic accidents suffered by cyclists (DOI: 

10.7717/peerj.5616). 

 
 
Synthesis of results 

In accordance with the objectives established for the conduction of this study, 

the result or main contribution of this research compendium is the four (4) original 

scientific articles, all of them developed within the study framework of road safety of 

vulnerable users, and specifically the issue of behavior and accident rates of cyclists. 

 

The four articles are signed by the doctoral candidate as first author, and they 

have been previously 1) assessed by peers, 2) accepted and 3) published in English 

and exclusively in specialized high impact journals, appropriately indexed and 

belonging to first quartiles (Q1 and Q2) according to JCR (Journal Citation Reports) 

and SJR (Scientific Journal Rankings) indices from last year. 
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Note: to know the specific results of each one of the products, please see the 

complete manuscripts in the Appendix section. 

 
 
Conclusions of the compendium 

Developing the scientific products included in this research compendium has 

enabled us, coherently with the general purpose of each one of the articles and their 

original contributions, to establish the following conclusions:  

1) The CBQ (Cyclists Behavioral Questionnaire) is a psychometrically adequate 

tool and has an important potential for the study of risky and positive 

behaviors, considering its sensitivity to characteristics and habits of cyclists. 

2) Gender and other demographic and psychosocial variables of cyclists have a 

clear differential effect on their road behaviors, both risky and positive.  

3) Infrastructural conditions and human factor have a jointed influence on 

cyclists’ traffic accidents, reason why it is essential to articulate these two 

spheres in order to improve their road safety. 

4) Road distractions present a high prevalence among cyclists, and they have a 

relevant effect on the traffic accidents they suffer, through the mediation of 

risky behaviors. 

 
Ethical issues of the base-research 

Finally, and even though it is already explained in the attached articles, ethical 

considerations have a fundamental relevance in research. Therefore we must highlight 

that, for this process, in addition to guaranteeing the principles of transparency, 
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voluntariness and confidentiality of the information provided by participants, all of it 

expressed in the Informed Consent, the study is based on the fact that the products of 

the research had the approval of the Ethical Committee of Research in Humanities of 

the University of Valencia (IRB – approval number: H1517828884105), in 

accordance with what was established by the Helsinki Declaration on research 

involving human beings (see document ethical approval in the Appendix section) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Useche, S.A., 2018 

 32 

Referencias/References 

Af Wåhlberg, A.E., Dorn, L. & Kline, T. (2009). The Manchester Driver Behaviour 

Questionnaire as a Predictor of Road Traffic Accidents. Theoretical Issues in 

Ergonomics Science, 12(1), 66-86. doi: 10.1080/14639220903023376 

Alavi, S.S., Mohammadi, M.R., Souri, H., Mohammadi-Kalhori, S., Jannatifard, F., 

& Sepahbodi, G. (2017). Personality, Driving Behavior and Mental Disorders 

Factors as Predictors of Road Traffic Accidents Based on Logistic Regression. 

Iranian Journal of Medical Sciences, 42(1), 24-31. 

Alonso, F., Esteban, C., Useche, S., & Manso, V. (2016). Analysis of the State and 

Development of Road Safety Education in Spanish Higher Education 

Institutions. Higher Education Research, 1(1), 10-18. doi: 

10.11648/j.her.20160101.12 

Andersen, L.B., Schnohr, P., Schroll, M., & Hein, H.O. (2000). All-cause mortality 

associated with physical activity during leisure time, work, sports, and cycling 

to work. Archives of Internal Medicine, 160, 1621-1628. 

Biernat, E., Buchholtz, S., & Bartkiewicz, P. (2018). Motivations and barriers to 

bicycle commuting: Lessons from Poland. Transportation Research Part F: 

Traffic Psychology and Behaviour, 55, 492-502. doi: 10.1016/j.trf.2018.03.024 

Bonham, J., & Johnson, M. (2018). Cyclist-related content in novice driver education 

and training. Accident Analysis & Prevention, 111, 321-327. doi: 

10.1016/j.aap.2017.12.008 

Buehler, R., & Pucher, J. (2017). Trends in Walking and Cycling Safety: Recent 

Evidence from High-Income Countries, with a Focus on the United States and 



 
Useche, S.A., 2018 

 33 

Germany. American Journal of Public Health, 107(2), 281-287. doi: 

10.2105/AJPH.2016.303546 

Caulfield, B. (2014). Re-cycling a city - Examining the growth of cycling in Dublin. 

Transportation Research Part A: Policy and Practice, 61, 216-226. doi: 

10.1016/j.tra.2014.02.010 

Constant, A., Messiah, A., Felonneau, M.L., & Lagarde, E. (2012). Investigating 

Helmet Promotion for Cyclists: Results from a Randomised Study with 

Observation of Behaviour, Using a Semi-Automatic Video System. PLoS ONE, 

7(2), e31651. doi: 10.1371/journal.pone.0031651 

Constant, A., & Lagarde, E. (2010). Protecting vulnerable road users from injury. 

PLoS Medicine, 7(3), e1000228. doi: 10.1371/journal.pmed.1000228 

De Hartog, J. J., Boogaard, H., Nijland, H., & Hoek, G. (2010). Do the Health Benefits 

of Cycling Outweigh the Risks? Environmental Health Perspectives, 118(8), 

1109–1116. doi: 10.1289/ehp.0901747 

DGT (2016). Las principales cifras de la siniestralidad vial. España 2016. Madrid: 

Dirección General de Tráfico. 

Elliott, M.A., Baughan, C.J., & Sexton, B.F. (2007). Errors and violations in relation 

to motorcyclists' crash risk. Accident Analysis & Prevention, 39(3), 491-499. 

doi: 10.1016/j.aap.2006.08.012 

European Road Safety Observatory (2017). Traffic Safety Basic Facts 2017. Cyclists. 

Web Resource. Accessed at: September 16th, 2018. Available at: 

http://go.uv.es/VfA0Zwc 



 
Useche, S.A., 2018 

 34 

Fishman, E., Schepers, P., & Kamphuis, C.B.M. (2015). Dutch Cycling: Quantifying 

the Health and Related Economic Benefits. American Journal of Public 

Health, 105(8), e13–e15. doi: 10.2105/AJPH.2015.302724 

Forjuoh, S.N. (2003). Traffic-related injury prevention interventions for low-income 

countries. Injury Control and Safety Promotion, 10(1-2), 109-118. doi: 

10.1076/icsp.10.1.109.14115 

Goodman, A., Sahlqvist, S., & Ogilvie, D. (2013). Who uses new walking and cycling 

infrastructure and how? Longitudinal results from the UK iConnect study. 

Preventive Medicine, 57(5), 518-524. doi: 10.1016/j.ypmed.2013.07.007 

Hezaveh, A.M., Zavareh, M.F., Cherry, C.F., & Nordfjærn, T. (2018). Errors and 

violations in relation to bicyclists’ crash risks: Development of the Bicycle Rider 

Behavior Questionnaire (BRBQ). Journal of Transport & Health, 8, 289-298. 

doi: 10.1016/j.jth.2017.11.003 

Hollingworth, M., Harper, A., & Hamer, M. (2015). Dose–response associations 

between cycling activity and risk of hypertension in regular cyclists: The UK 

Cycling for Health Study. Journal of Human Hypertension, 29(4), 219-223. doi: 

10.1038/jhh.2014.89 

Hu, G., Eriksson, J., Barengo, N.C., Lakka, T.A., Valle, T.T., Nissinen, A., Jousilahti, 

P., & Tuomilehto, J. (2004). Occupational, commuting, and leisure-time 

physical activity in relation to total and cardiovascular mortality among Finnish 

subjects with type 2 diabetes. Circulation, 110, 666-673. doi: 

10.1161/01.CIR.0000138102.23783.94 



 
Useche, S.A., 2018 

 35 

Int Panis, L.I. (2011). Cycling: Health Benefits and Risks. Environmental Health 

Perspectives, 119(3), A114. doi: 10.1289/ehp.1003227 

Khorasani Zavareh, D., Bohm, K., Khankeh, H., Taghi Talebian, M., Mohammadi, 

R., Bigdeli, M., & Castren, M. (2015). Why should being visible on the road? A 

challenge to prevent road traffic injuries among pedestrians in Iran. Journal of 

Injury and Violence Research, 7(2), 93-94. doi: 10.5249/jivr.v7i2.490 

Küster, F. (2013). Car sales down, bike sales up: two new bikes are sold for every car 

in Europe. Accessed 01.09.18. Available at: http://www.ecf.com/news/car-

sales-down-bike-sales-up-two-new-bikes-are-sold-for-every-car-in-europe 

Martínez-Ruiz, V., Lardelli-Claret, P., Jiménez-Mejías, E., Amezcua-Prieto, C., 

Jiménez-Moleón, J.J., & Luna del Castillo, JdeD. (2013). Risk factors for 

causing road crashes involving cyclists: An application of a quasi-induced 

exposure method. Accident Analysis & Prevention 51, 228-237. doi: 

10.1016/j.aap.2012.11.023 

Oja, P., Titze, S., Bauman, A., de Geus, B., Krenn, P., Reger-Nash, B., & Kohlberger, 

T. (2011). Health benefits of cycling: a systematic review. Scandinavian 

Journal of Medicine & Science in Sports, 21(4), 496-509. doi: 10.1111/j.1600-

0838.2011.01299.x 

Orsi, C., Ferraro, O.E., Montomoli, C., Otte, D., & Morandi, A. (2014). Alcohol 

consumption, helmet use and head trauma in cycling collisions in Germany. 

Accident Analysis & Prevention, 65, 97-104. doi: 10.1016/j.aap.2013.12.019 



 
Useche, S.A., 2018 

 36 

Özkan, T., & Lajunen, T. (2005). A new addition to DBQ: Positive driver behaviours 

scale. Transportation Research Part F: Traffic Psychology and 

Behaviour, 8(4), 355-368. doi: 10.1016/j.trf.2005.04.018s 

Parker, D., Reason, J.T., Manstead, A.S., & Stradling, S.G. (1995). Driving errors, 

driving violations and accident involvement. Ergonomics, 38(5), 1036-1048. 

doi: 10.1080/00140139508925170 

Penmetsa, P., & Pulugurtha, S.S. (2017). Methods to rank traffic rule violations 

resulting in crashes for allocation of funds. Accident Analysis & Prevention, 99, 

192-201. doi: 10.1016/j.aap.2016.11.023 

Petridou, E., & Moustaki, M. (2000). Human factors in the causation of road traffic 

crashes. European Journal of Epidemiology, 16(9), 819-826. 

Podsakoff, P.M., MacKenzie, S.B., Lee, J.Y. & Podsakoff, N.P. (2003). Common 

method biases in behavioral research: A critical review of the literature and 

recommended remedies. Journal of Applied Psychology, 88(5). 879-903. DOI: 

10.1037/0021-9010.88.5.879 

Pucher, J., & Buehler, R. (2017). Cycling towards a more sustainable transport 

future. Transport Reviews, 37, 6, 689-694. doi: 

10.1080/01441647.2017.1340234 

Pucher, J., & Dijkstra, L. (2003). Promoting Safe Walking and Cycling to Improve 

Public Health: Lessons from The Netherlands and Germany. American Journal 

of Public Health, 93(9), 1509–1516. 



 
Useche, S.A., 2018 

 37 

Reason, J., Manstead, A., Stradling, S., Baxter, J. & Campbell, K. (1990). Errors and 

violations on the roads: A real distinction? Ergonomics, 33(10-11), 1315-1332. 

doi: 10.1080/00140139008925335 

Rojas-Rueda, D., De Nazelle, A., Tainio, M., & Nieuwenhuijsen, M.J. (2011). The 

health risks and benefits of cycling in urban environments compared with car 

use: health impact assessment study. The BMJ, 343, d4521. doi: 

10.1136/bmj.d4521 

Shell, D.F., Newman, I.M., Córdova-Cazar, A.L., & Heese, J.M. (2015). Driver 

education and teen crashes and traffic violations in the first two years of driving 

in a graduated licensing system. Accident Analysis & Prevention, 82, 45-52. doi: 

10.1016/j.aap.2015.05.011 

Shen, B., Qu, W., Ge, Y., Sun, X., & Zhang, K. (2018). The relationship between 

personalities and self-report positive driving behavior in a Chinese 

sample. PLoS ONE, 13(1), e0190746. doi: 10.1371/journal.pone.0190746 

Stewart, G., Anokye, N.K., & Pokhrel, S. (2015). What interventions increase 

commuter cycling? A systematic review. BMJ Open, 5, e007945 doi: 

10.1136/bmjopen-2015-007945 

Thompson, D.C., Rivara, F.P., & Thompson, R. (2000). Helmets for preventing head 

and facial injuries in bicyclists. The Cochrane Database of Systematic Reviews, 

2000(2), CD001855. doi: 10.1002/14651858.CD001855 

Tiwari, G. (2018). Safety of 'the vulnerable road users': current challenges and need 

for a new approach. International Journal of Injury Control and Safety 

Promotion, 25, 1-2. doi: 10.1080/17457300.2018.1429211 



 
Useche, S.A., 2018 

 38 

Useche, S., Alonso, F., Montoro, L., & Esteban, C. (2018). Distraction of cyclists: 

how does it influence their risky behaviors and traffic crashes? PeerJ, 6, e5616. 

doi: 10.7717/peerj.5616 

Useche, S., Gómez, V., & Cendales, B. (2017). Stress-related Psychosocial Factors at 

Work, Fatigue, and Risky Driving Behavior in Bus Rapid Transport (BRT) 

Drivers. Accident Analysis & Prevention, 104, 106-114. doi: 

10.1016/j.aap.2017.04.023 

Useche, S., Montoro, L., Alonso, F., & Oviedo-Trespalacios, O. (2018). 

Infrastructural and Human Factors affecting Safety Outcomes of Cyclists. 

Sustainability, 10, 299. doi: 10.3390/su10020299 

Useche, S., Montoro, L., Alonso, F., & Tortosa, F. (2018). Does Gender Really 

Matter? A structural equation model to explain Risky and Positive Cycling 

Behaviors. Accident Analysis & Prevention, 118, 86-95. doi: 

10.1016/j.aap.2018.05.022 

Useche, S., Montoro, L., Tomas, J.M., & Cendales, B. (2018). Validation of the 

Cycling Behavior Questionnaire: A tool for Measuring Cyclists' Road 

Behaviors. Transportation Research Part F: Psychology and Behaviour, 58, 

1021-1030. doi: 10.1016/j.trf.2018.08.003 

West, R., French, D., Kemp, R., & Elander, J. (1993). Direct observation of driving, 

self reports of driver behaviour, and accident involvement. Ergonomics, 36(5), 

557-567. 

Winters, M., Babul, S., Becker, H.J., Brubacher, J.R., Chipman, M., Cripton, P., 

Cusimano, M.D., Friedman, S.M., Harris, M.A., Hunte, G., Monro, M., 



 
Useche, S.A., 2018 

 39 

Reynolds, C.C., Shen, H., & Teschke, K. (2012). Safe cycling: how do risk 

perceptions compare with observed risk? Canadian Journal of Public Health, 

103(3), eS42-eS47. 

Wishart, Darren E., Freeman, James E., & Davey, Jeremy D. (2006). Utilising the 

Driver Behaviour Questionnaire in an Organisational Fleet Setting: Are 

Modifications Required. Journal of the Australasian College of Road 

Safety, 17(2), 31-38. 

Yang, L., Sahlqvist, S., McMinn, A., Griffin, S.J., & Ogilvie, D. (2010). Interventions 

to promote cycling: systematic review. The BMJ, 341, c5293. doi: 

10.1136/bmj.c5293 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Useche, S.A., 2018 

 40 

 

 

 

 

 

 

 

 

Anexos / Appendix 

 
Artículos incluidos en el compendio de investigación 

 
Articles included in the research compendium 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Useche, S.A., 2018 

 41 

Artículo/Article 1 

Useche, S., Montoro, L., Tomas, J.M., & Cendales, B. (2018). Validation of the Cycling 
Behavior Questionnaire: A tool for Measuring Cyclists' Road Behaviors. Transportation 
Research Part F: Psychology and Behaviour, 58, 1021-1030. doi: 
10.1016/j.trf.2018.08.003 
 

[Validación del Cuestionario de Comportamiento de Ciclistas (CBQ): un 
Instrumento para la Medición de las Conductas Viales de los Ciclistas] 

 
Resumen 

Introducción: A pesar de que el ciclismo es una actividad cuyos beneficios en términos de salud 
y movilidad urbana se reconocen a nivel global, su crecimiento desproporcionado durante las 
últimas décadas han dado lugar a algunas dinámicas desorganizadas. De hecho, el número 
creciente de muertes y lesiones de ciclistas como consecuencia de los accidentes de tráfico tiene 
un coste muy alto para los sistemas de salud pública. Considerando las evidencias empíricas 
disponibles, sabemos que las conductas viales aberrantes y positivas, son predictores relevantes 
de las lesiones sufridas por los usuarios viales. Sin embargo, la escasez de instrumentos que midan 
y evalúen las conductas de estos, especialmente en el caso de los ciclistas, constituye una 
limitación muy grave en términos de explicación, intervención y prevención de accidentes de 
tráfico a través de métodos conductuales.   
Objetivos: Este estudio tuvo dos objetivos esenciales: primero, describir en el detalle la medida 
de validación de las conductas tanto de riesgo como positivas de los ciclistas, a través del 
Cuestionario de Comportamiento de Ciclistas (CBQ). Segundo, comparar los valores medios de 
la versión validada del cuestionario, en función de los factores demográficos y de los factores 
relacionados con la actividad ciclística.   
Métodos: Nuestros datos, siendo parte de un proyecto colaborativo más grande, se recopilaron a 
través de 1.064 ciclistas entre 17 y 80 años de edad, provenientes de 20 países, que completaron 
un cuestionario electrónico anónimo sobre sus conductas como ciclistas. Los datos se analizaron 
usando Análisis Factorial Confirmatorio (CFA), obteniendo de esta forma los valores 
psicométricos básicos, junto con una estructura optimizada para la escala.  
Resultados: Los resultados obtenidos sugieren que el instrumento tiene una estructura factorial 
clara, ítems con un elevado peso factorial, y una buena consistencia interna. En particular, los 
resultados del modelo de variable latente de tres factores, que llamamos errores, violaciones y 
conductas positivas, muestran que el cuestionario se ajusta adecuadamente. 
Conclusiones: Los resultados de esta investigación sustentan la idea de que el Cuestionario de 
Comportamiento de Ciclistas podría tener aplicaciones importantes en el conocimiento y la 
mejora de la seguridad vial, a través del estudio de los factores comportamentales de los ciclistas 
y de su relación con los factores demográficos y con aquellos relacionados con la actividad 
ciclística.  
 

Palabras clave: Ciclistas, Conductas Viales, Conductas de Riesgo, Conductas Positivas, 
Comportamientos de Riesgo o Aberrantes, Cuestionario de Comportamiento de Ciclistas, CBQ. 
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a b s t r a c t

Introduction: Even though cycling is an activity whose benefits in terms of urban mobility
and health are globally recognized, its disproportional growth during the past few decades
has led to some unexpected dynamics. In fact, the increasing number of traffic injuries and
deaths involving cyclists has a high cost for public health systems. Considering the avail-
able empirical evidence, aberrant and positive behaviors on the road constitute relevant
predictors for the injuries suffered by road users. Nevertheless, the scarcity of tools that
measure and evaluate the behavior of road users, especially in the case of cyclists, consti-
tutes a serious lack in terms of explaining, intervening and preventing traffic crashes
through behavioral approaches.
Objective: This study had two essential purposes: first, to describe in detail the validation
of measurement of risky and positive road user behaviors of cyclists using the Cycling
Behavior Questionnaire. Second, to compare the mean scores of the validated version of
the CBQ according to demographic and cycling-related factors.
Method: As a part of a larger collaborative research project, our data was collected from
1064 Spanish-speaking cyclists (between 17 and 80 years old) from 20 countries, who
filled out an anonymous electronic survey on their riding behaviors. The data was analyzed
using competitive Confirmatory Factor Analyses (CFA), thus obtaining basic psychometric
values and an optimized structure for the scale.
Results: The obtained results suggest that the CBQ has a clear factorial structure, items
with high factorial weight, and good internal consistency. In particular, the results of the
latent variable model with three factors, which were labeled errors, violations and positive
behaviors, show that the CBQ is satisfactorily adjusted.
Conclusion: The findings of this research support the idea that the CBQ may have important
applications in the improvement of road safety through the study of cyclists’ behavioral
factors and their relationship to demographic and cycling-related factors.
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1. Introduction

Considering the impressive growth of bicycle use in recent years, little is known and much remains to be studied about
the behavior of cyclists and its relationship with traffic crashes and injuries. Previous studies dealing with other types of road
users, especially motor-vehicle drivers, have contributed to enhance the knowledge about the undisputable role of road user
behavior in the prevention and causation of traffic crashes (Alavi et al., 2017; Montoro, Alonso, Esteban, & Toledo, 2000;
Gómez, Cendales, Useche and Bocarejo, 2018). In short, the empirical evidence has systematically shown that road user
behaviors (both risky and positive) are the most important factor which affects the safety and welfare of road users, thanks
to their large explanatory value in traffic crashes (Gicquel et al., 2017; Petridou and Moustaki, 2000; Özkan and Lajunen,
2005). Given what we have mentioned above, the study of road user behaviors is necessary for the development of improved
evidence-based and holistic interventions, with the purpose of strengthening road safety in terms of human factor
(Fernández-Heredia, Monzón and Jara-Díaz, 2014). In this regard, studies dealing with specific vulnerable groups of road
users such as pedestrians and cyclists are still scarce (Fraboni, Marín Puchades, De Angelis, Prati, & Pietrantoni, 2016; Li,
Xiong, Li, Liu, & Zhang, 2015), but their importance implies a latent challenge for both scientists and road safety practitioners,
especially if we consider the high frequency of road crashes in which cyclists are involved (Useche, Montoro, Alonso, &
Oviedo-Trespalacios, 2018).

1.1. Violations, errors and positive behaviors on the road: a brief panorama

Traffic violations are widely understood as ‘‘deliberate deviations from those practices believed necessary to maintain the safe
operation of a potentially hazardous system” (Reason, Manstead, Stradling, Baxter, & Campbell, 1990). In this regard, most of
the existing definitions agree on the fact that traffic violations are intentional behaviors (Yilmaz & Çelik, 2006). In brief, and
according to the evidence, 70% of severe traffic injuries occur in the form of crashes due to a violation of traffic rules, and 51%
of North American drivers involved in crashes had committed at least one violation (Penmetsa and Pulugurtha, 2017a).
Among the reasons a driver may have for committing infractions on the road, apart from the already broadly addressed
demographic features of users (i.e. age, gender and experience), other factors such as attitudes towards traffic safety, knowl-
edge of the rules of traffic, supervision and sanctions play a crucial role in the behaviors reported by road users (Alonso,
Esteban, Montoro, & Useche, 2017). For instance, Boudrifa, Tir and Boukabous (2007) found that 9 out of every 10 drivers
attribute the non-compliance with traffic rules to the lack of road safety education. Also, 85.9% of drivers refer to the fact
that, when they perform road misbehaviors, their perception is that receiving a traffic sanction is very unlikely, in high accor-
dance with the findings of Penmetsa and Pulugurtha regarding the case of the United States (2017b). This is also consistent
with other studies on drivers’ perceptions, whose results may differ from their actual circumstances and behaviors. In other
words, among different factors, more road safety education, more awareness and an enhanced set of positive attitudes
towards road safety are needed in order to prevent the unsafe and aberrant behaviors of road users (Shell, Newman,
Córdova-Cazar and Heese, 2015; Boudrifa, Bouhafs, Touil and Tabtroukia, 2012).

Errors, complementarily to violations, are defined as ‘‘the failure of planned actions to achieve their intended conse-
quence” (Reason et al., 1990). They constitute non-intentional behaviors more closely related to psychomotor and road-
training variables. However, like violations, road errors are considered hazardous road user behaviors closely related (as
predictors) to traffic crashes and near-crashes of different types of road users, as it has been demonstrated by various
empirical studies (Classen, Shechtman, Awadzi, Joo, & Lanford, 2010; Herslund and Jørgensen, 2003; National Research
Council et al., 2007; Curry, Hafetz, Kallan, Winston, & Durbin, 2011). In addition, sometimes the users’ lack or inaccuracy
of risk perception may substantially impair their safety behaviors and influence the occurrence of both errors and traffic
violations during cycling (Vanlaar and Yannis, 2006; Useche, Montoro, Alonso, & Oviedo-Trespalacios, 2018). As an inter-
esting fact, in the case of young drivers we know that errors may precede up to 19 out of every 20 serious traffic crashes
(Curry et al., 2011). Furthermore, Elliot, Baughan and Sexton (2007) found, in an empirical research conducted on almost
9000 British motorcycle riders, that traffic errors were the most important predictor for the crash risk of this type of road
users. This raises the need of improving the effectiveness of training interventions aimed at preventing errors during
riding.

On the other hand, positive behaviors of road users, which are an important part of road behaviors in general, are often
omitted in empirical studies. In brief, research related to the behavior of road users is often reduced to the assessment of
risky or ‘‘aberrant” behaviors (Özkan and Lajunen, 2005; Poó, Taubman-Ben-Ari, Ledesma and Díaz-Lázaro, 2013). Studying
positive behaviors within traffic situations may contribute to our understanding of behaviors on the road from a double-
sided perspective, and it may also highlight their positive association with road safety outcomes (Shen, Qu, Ge, Sun, &
Zhang, 2018). This is even more relevant if we consider the negative relationship that positive behaviors have with adverse
safety, road users’ performance-related outcomes and with many recent studies pointing out the importance of enforcing
‘‘positive and prosocial” behaviors as a way of strengthening the road safety of cyclists (Guéhoa, Graniéa and Abric, 2014;
Useche, Montoro, Alonso, & Tortosa, 2018; Bonham & Johnson, 2018).
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1.2. Previous empirical research on the behaviors of cyclists

Regarding previous relevant experiences addressing the specific case of cycling behaviors, Feenstra et al. (2010) devel-
oped a young cyclist behavior scale (ACBQ) highly based on the relationship between age and self-reported aberrant behav-
iors of cyclists; there, the relevance of certain key misbehaviors and risk factors (e.g. cycling on the sidewalk when it is
illegal, cell-phone use, and poor risk perception) was highlighted, since they were found potentially associated with crashes
and near-crashes. Also, Aldred and Crossweller (2015) described the relevant relationship existing between the individual
features of cyclists, their cycling experience and their risky behaviors.

More recently, Hezaveh, Zavareh, Cherry and Nordfjærn (2017) developed the Bicycle Rider Behavior Questionnaire (or
BRBQ), an innovative self-report questionnaire on cycling behavior initially tested on a sample of Iranian cyclists, in which
good psychometric properties and validity of criteria were reported. This first study made it possible to describe positive cor-
relations between most BRBQ dimensions and self-reported multi-vehicle crashes. Also, this insightful study found that vio-
lations are a significant predictor for at fault multi-vehicle crashes suffered by cyclists. Other empirical studies have
determined differential patterns of risky behavior as well, according to the characteristics of the bicycle and to certain demo-
graphic, physical and psychological characteristics of cyclists (Martínez-Ruiz et al., 2014a, 2014b; Fraboni et al., 2016).
Furthermore, Useche, Montoro, Alonso and Oviedo-Trespalacios (2018) identified factors such as hourly intensity, age and
infrastructural issues as variables associated with aberrant behaviors of road users, which may explain the traffic crash rates
of cyclists.

1.3. Objectives and hypotheses

The current research had two main objectives: The first and most relevant one was to describe in detail the validation of a
measurement of cyclists’ risky and positive behavior on the road, using the Cycling Behavior Questionnaire. Secondly, this
study aimed at comparing mean scores in the three sub-scales of the validated (29-item) version of the CBQ according to
demographic and cycling-related factors.

It was hypothesized that, for the first objective, the overall structure of the three factors already found in previous val-
idations of the scale would be found within this sample of cyclists, and that good fit indices would also be found, through
a three-dimensional structure. As for the second, we expected to find significant differences according to demographic (e.g.
gender, age) and cycling-related variables (e.g. cycling intensity, trip length) among the subjects in the three sub-scales of
CBQ.

2. Methods

2.1. Sample

The sample employed for this cross-sectional study included 1 064 Spanish-speaking bicycle users (or cyclists) from 20
different countries of Latin America, Europe (161 participants, representing 15.15% of the sample), and North America
(72 participants, composing 6.75% of the sample). 413 (38.8%) of them were females, and 651 (61.2%) were males, aged
17–80, with a mean age of M = 32.83 (SD = 12.63) years. Half of the respondents (50.1%) had an undergraduate degree,
and 29.9% a post-graduate degree. 9.1% of them had received a technical training (more advanced than a high school
diploma, but lower than a university degree); 10.4% only had a high school diploma, and the remaining 0.5% had a maximum
educational level of primary studies. To describe some relevant facts about the cycling habits of participants, it was
found that their mean intensity of cycling was M = 6.7 (SD = 6.3) hours per week, and their normal trips as cyclists had
approximately M = 0.79 (SD = 0.71) hours of duration.

2.2. Study design and procedure

For this cross-sectional (and self-reported based) study, participants completed an on-line questionnaire. The question-
naire was sent to each user through an electronic invitation, by means of various inter-institutional mailing lists previously
used for research purposes and shared by several universities. In particular, the invitation asked subjects to complete the
survey only if they were frequent bicycle users.

The questionnaire was administrated in Spanish, thus excluding non-Spanish speakers from the study. Surveys were fully
completed by a total of 1 064 cyclists, excluding incomplete or partially completed questionnaires. The response rate was
approximately 42.6%, bearing in mind that approximately ±2500 invitations to participate were initially delivered.

2.3. Instruments

We used the Cyclist Behavior Questionnaire (CBQ) (Useche, Montoro, Alonso, & Oviedo-Trespalacios, 2018; Useche,
Montoro, Alonso, & Tortosa, 2018) – a self-report tool of measurement of road user behavior specifically conceived for
the assessment of highly risky riding behaviors (errors and violations) among cyclists. This followed the original error/
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violation factorial structure employed by Reason et al. (1990) for the Driving Behavior Questionnaire (DBQ), another self-
report tool widely used for assessing road user behaviors of motor vehicle drivers. The CBQ is a Likert scale originally com-
posed of 44 items distributed in three factors: Violations (V), consisting of 16 items; Errors (E), 16 items; and Positive Behav-
iors (PB), 12 items in its original version. For the development of the first version of the scale, an item bank of behaviors
potentially corresponding to each sub-scale was created, and it was later filtered through the consultation of various scholars
within the field. This led to the progressive reduction of its numbers, in order to select those items a priori considered most
frequent and relevant, thus shaping each dimension similarly (number of items) to the others. The only exception was the
Positive Behaviors sub-scale, whose original length was similar to the one developed by Özkan and Lajunen (2005) for pos-
itive behaviors in motor vehicle drivers, consisting of 13 items.

Regarding the application of the instrument, in order to follow the basic instructions (‘‘Estimate how often you do the fol-
lowing when cycling”) the entire questionnaire used a 5-level frequency-based response scale: 0 = never; 1 = hardly ever; 2 =
sometimes; 3 = frequently; 4 = almost always. It also included a supplementary factor (Positive Behaviors) for measuring
positive behaviors that, unlike the first two dimensions, may help to prevent the occurrence of traffic crashes. It is worth
mentioning that the concept of ‘‘positive” behaviors does not equal the ‘‘absence of risky behaviors.” It rather involves pro-
tective habits and reactions that may enhance the road safety of users. Positive behaviors have previously been added to the
risky behaviors traditionally contained in the DBQ for the case of vehicle drivers. This has been undertaken mainly by Özkan
and Lajunen (2005), showing a negative association with error and violation sub-scales.

2.4. Statistical analyses

As advised in previous literature, the factorial structure of the Cyclist Behavior Questionnaire (CBQ) was tested using a
strictly confirmatory procedure. Specifically, competitive Confirmatory Factor Analyses were estimated and tested. We used
confirmatory factor models, since this scale had been previously tested with other samples from different populations, and
therefore both theoretical and empirical models were already available. This is the a priori or initial model. In addition to this
initial strictly confirmatory model, a one-factor solution was also tested as a competitive model; this was done in order to
rule out a potentially simple, precise and parsimonious structure for the scale (Bollen, 1989; Kline, 2015). CFA also offers
advantages in relation to the treatment of missing data, and to categorical and non-normal variables (Finney and
DiStefano, 2013). These CFAs were specified and estimated in Mplus (Muthén and Muthén, 2007). Weighted Least Square
Mean and Variance corrected (WLSMV) estimation were used, given that the data were ordinal and did not meet the assump-
tion of multivariate normality. As advised in previous literature, the model fit was evaluated through several statistics and
indices from different logics and families. In this particular case, all available types of indices for the method of estimation
were used: chi-square, CFI, and RMSEA. Fit was decided from the cut-off criteria already expanded in the literature. A CFI
higher than .90 (better if higher than .95) and RMSEA lower than .08 (Marsh, Hau, and Wen, 2004) were indicative of an ade-
quate model fit. Nevertheless, the acceptability of the model was also evaluated through the strength and interpretability of
the estimates of the parameters and through the absence of large and substantially meaningful indices of modification. The
reliability (internal consistency) of the scale and the items were also estimated. The internal consistency of the scale was
estimated via coefficient alpha and the Composite Reliability Index (CRI), a consistency estimate based on the factor loadings
and residuals in the confirmatory results, that overcomes some of the shortcomings of alpha as an estimate of reliability
(Raykov, 2001; Raykov and Marcoulides, 2011). Comparative analyses were performed once the categorical variables were
defined, through parametrical tests for mean comparison (Student’s t-test for independent samples), carried out using Mplus
software as well-version 8.

3. Results

3.1. Structural models

In order for us to understand the factorial structure of the Spanish version of the CBQ scale, two competitive CFAs were
specified: the original structure with three factors, and a one-factor structure, which is the most parsimonious (simple but
strict) solution for a scale that can represent covariability among the items. The model fit for the one-factor model was extre-
mely inadequate: v2(8 6 0) = 5886.01, p < .001, RMSEA = .074 with 90% CI of .072–.076, and CFI = .682. Further, the model fit
for the a priori three factor model was: x2(8 5 7) = 3764.59.01, p < .001, RMSEA = .056 with 90% CI of .055–.058, and CFI =
.816. Neither the three-factor structure nor the one-factor solution reasonably fitted the data, but it was clear that the
three-factor model was relatively better. A close inspection of the three-factor model, with better indices of fitting, showed
that a number of items were not significantly related to the factors they should have belonged to (p > .05). Given that the
original scale has 44 items to indicate three latent variables or factors, we decided to clear the scale by deleting those items
which presented obvious psychometric problems in the measurement of their factors. Accordingly, a total of 15 items were
deleted. The new three-factor structure for the remaining 29 items was tested. This new simplified model fitted the data rea-
sonably well: x2(3 7 4) = 1503.74, p < .001, RMSEA = .053 with 90% CI of .051–.056, and CFI = .910. It is important to note that
when we compare this model fit to a one-factor solution with these items, the three factor structure presents a much better
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fit, as the fit indices for the one factor solution are: x2(3 7 7) = 3458.78, p < .001, RMSEA = .088 with 90% CI of .085–.090, and
CFI = .737.

Table 1 shows the content, mean and standard deviations of the items, the standardized factor loading of each one of
them, their standard error and significance test, and the factor to which each item belongs. We can see that all factor loadings
are large, positive and statistically significant in their respective factors, as shown in Fig. 1 too. Correlations among the fac-
tors were, as expected, statistically significant and large. Errors and violations were positively correlated (r = .616, p < .01),
whereas the correlation between positive behaviors and violations was negative and large, as expected (r = �.708, p < .01),
quite similar to the one between positive behaviors and errors (r = �.644, p < .01).

3.2. Internal consistencies

Alpha estimates were all above the usual .7 criteria: .703 for Violations, .850 for Errors, and .705 for Positive behaviors.
The composite reliability indices showed good reliabilities for all the latent factors. CRI for Violations was .798. The CRI for
the latent Errors was .901. Finally, CRI for Positive behaviors was .868.

3.2.1. Demographic and cycling-related differences
Finally, it is pertinent to summarize some demographic and cycling-based differences found during the treatment of the

data thanks to the validated version of the CBQ. First of all, gender differences were found: men reported significantly higher
rates of violations (M = .801, SD = .20) than women (M = .520, SD = .20), with t(1062) = �9.147, p < .001, dif. = �.281, and
male cyclists also had lower scores in positive behaviors (M = 2.996, SD = .63) than female cyclists (M = 3.298, SD = .58), with

Table 1
Item content, factor that the item belongs to, standardized factor loading (k), standard error (S.E.) and p-values in the retained model.

# Item content Factor M SD k S.E. k/S.E. p

2 Cycling under the influence of alcohol and / or other drugs or hallucinogens. Violations .28 .62 .519 .040 12.91 <.001
3 Going against the direction of traffic (wrong way). .88 .87 .500 .033 15.27 <.001
7 Zigzagging between vehicles when using a mixed lane. .67 .98 .686 .025 27.16 <.001
8 Handle potentially obstructive objects while riding a bicycle (food, packs, cigarettes

. . .).
.39 .69 .609 .035 17.22 <.001

9 Feeling that sometimes I’m going at a higher speed than I should be going at. 1.1 1.0 .593 .028 21.22 <.001
10 Crossing what appears to be a clear crossing, even if the traffic light is red. 1.6 1.3 .549 .028 19.83 <.001
11 Carry a passenger on your bicycle without it being adapted for such a purpose. .31 .69 .506 .039 13.00 <.001
15 Have a dispute in speed or ‘‘race” with another cyclist or driver. .36 .74 .626 .034 18.44 <.001

17 Unintentionally, crossing the street without looking properly, making another vehicle
brake to avoid a crash.

Errors .53 .67 .654 .023 28.52 <.001

18 Colliding (or being close to it) with a pedestrian or another cyclist while cycling
distractedly.

.26 .51 .586 .033 17.86 <.001

20 Brake suddenly and be close to causing an accident. .57 .71 .660 .023 28.09 <.001
21 Fail to notice the presence of pedestrians crossing when turning. .47 .67 .662 .025 26.80 <.001
22 Not braking on a ‘‘Stop” or ‘‘Yield” sign and being close to colliding with another vehicle

or pedestrian.
.41 .71 .722 .023 31.48 <.001

23 Braking very abruptly on a slippery surface. .64 .77 .644 .024 26.93 <.001
24 While you’re distracted, you do not realize that a pedestrian intended to cross a

crosswalk and so you do not stop to let him or her do so.
.57 .72 .664 .021 30.97 <.001

25 Not realizing that a vehicle that was parked intends to leave and having to brake
abruptly to avoid colliding with it.

.86 .87 .629 .023 27.42 <.001

26 When you drive on the right, you do not realize that a passenger is getting out of a
vehicle or bus and are close to hitting him or her.

.63 .81 .631 .024 26.54 <.001

27 Trying to overtake a vehicle that had previously used its indicators to signal that it was
going to turn, having to brake.

.31 .62 .593 .030 19.54 <.001

28 Misjudging a turn and hitting something on the road or being close to losing balance (or
falling).

.64 .76 .535 .028 18.90 <.001

29 Unintentionally, hitting a parked vehicle. .32 .60 .528 .031 17.27 <.001
30 Failing to be aware of the road conditions and therefore falling over a bump or hole. .92 .84 .576 .024 24.01 <.001
31 Mistaking one traffic signal for another, and maneuvering according to the latter. .22 .53 .610 .033 18.75 <.001
32 Trying to brake but not being able to use the brakes properly due to poor hand

positioning.
.42 .68 .563 .029 19.47 <.001

34 I stop and look both sides before crossing a corner or intersection. Positive
Behaviors

3.3 .93 .480 .032 14.93 <.001
36 I try to move at a prudent speed to avoid sudden mishaps or braking. 3.1 .94 .725 .021 34.39 <.001
38 I usually keep a safe distance from other cyclists or vehicles. 3.1 .95 .689 .022 31.61 <.001
39 When I use the bike path (or bike-lane), I always use the indicated lane. 3.5 .85 .471 .032 14.56 <.001
41 I avoid circulating under adverse weather conditions. 2.8 1.1 .949 .046 20.80 <.001
42 I avoid circulating if I feel very tired or sick. 2.9 1.1 .945 .048 19.51 <.001

# = Original number of item in the initial 44-item scale.
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t(1062) = �7.778, p < .001, dif. = �.301, whereas scores in riding errors were not significantly affected by the gender of the
participants.

As for age comparisons, Student’s t-tests carried out using a two-group distribution (based on the mid-percentile – P50 of
the distribution, i.e. who are 28 or older) showed that: Violations: Older cyclists report significantly lower scores for
violations (M = .816, SD = .47) than cyclists under 28 years of age (M = .816, SD = .51), t(1009.17) = �7.528, p < .001,
dif. = �230. Errors: Cyclists older than 28 present lower mean values for riding errors (M = .461, SD = .40) than younger ones
(M = .584, SD = .39); t(1061) = �5.025, p < .001, dif. = �.122. Positive behaviors: Mean scores of older cyclists (M = 3.212,
SD = .63) were significantly higher than the ones found in the case of younger cyclists (M = 3.001, SD = .61); t(1061) =
5.617, p < .001, dif. = .210.

Regarding cycling habits, it was found that, in the case of the hours spent riding, cyclists who are above the 50 percentile
of the distribution (cycling 5 or more hours per week) report significantly lower scores for violations (M = .574, SD = .44) than
less frequent riders (M = .812, SD = .53), t(1004.946) = 7.743, p < .001, dif. = �.238, whereas the scores for errors and positive
behaviors were not significantly affected by the participants’ cycling intensity. Finally, and unlike for weekly intensity,
non-significant differences were found through mean comparisons based in the mean length of their cycling trips.

Fig. 1. Standardized parameter estimates. Notes: All estimates p < .001; the numbers within squares represent the original numbers of the items in the CBQ
scale (as shown in Table 1).
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4. Discussion and Conclusion

This empirical research pursued two objectives: first, to describe in detail the validation of the Cycling Behavior Question-
naire and the scores obtained for a sample of n = 1064 cyclists. Second, to compare scores of the CBQ sub-scales according to
demographic (such as gender and age) and cycling-related factors. In brief, as for the first objective, this study confirmed that
the CBQ has three elements that guarantee psychometric value for studying the road user behavior of cyclists: a clear fac-
torial structure, items with high factorial weight, and good internal consistency. In particular, the results of the latent vari-
able model with three factors (‘‘errors”, ‘‘violations”, ‘‘positive behaviors”) show that the CBQ is satisfactorily adjusted to this
structure. These labels respond, in the first place, to the content of the items with greater weight for each one of the factors;
and secondly, to the shared theoretical background of the CBQ with other questionnaires of self-reported behavior on the
road, especially the DBQ (De Winter and Dodou, 2010; Reason et al., 1990; Gras, et al., 2006).

Regarding the validity of the CBQ constructs, the fit of the three-factor model was significantly better than the one of the
one-factor model. This finding is theoretically important, as it supports the ability of the scale to differentiate between
the positive and negative behaviors of cyclists; and also, it can differentiate between errors, i.e. the failure of actions aimed
at the achievement of an intended consequence due to, for instance, lapses of attention, and violations, i.e. deliberate devi-
ations from road safety regulations and practices (Reason et al., 1990). Consistently with other measures of aberrant driving
behaviors (De Winter and Dodou, 2010), the items that make up the errors sub-scale refer to involuntary risky behaviors
related to lapses of attention or mistakes in the observation of traffic signals, remarking the importance of the scale as a mea-
sure which can potentially predict the self-reported crashes suffered by different groups of road users (Elliot, Baughan and
Sexton, 2007; af Wåhlberg, Dorn, & Kline, 2009). Meanwhile, violations refer to voluntary behaviors, which imply reckless-
ness and/or the explicit intention to ignore traffic regulations. Voluntary risk taking has also proved to be influenced by the
lack of promotion of safe habits through traffic regulations, policymaking and traffic education (Macmillan and Woodcock,
2017; Pucher and Dijkstra, 2003). On the other hand, positive behavior sub-scale (6 items) refer to the compliance with
safety regulations and to the use of defensive driving/riding techniques, representing an ‘‘added value” of this instrument
considering its novelty for the case of cyclists.

The reliability of the three factors of the CBQ was high (the Cronbach’s Alpha was a > 0.7 in all cases). In addition, the size
and direction of the correlations among the CBQ factors suggest, consistently with the evidence provided by similar ques-
tionnaires (Useche, Gómez and Cendales, 2017; De Winter and Dodou, 2010; Gras et al., 2006; West, 1995), that errors
and violations in driving vehicles are, commonly, significantly and positively associated with each other, and negatively
associated with positive behaviors (Özkan and Lajunen, 2005). Unlike the measures of association reported in the mentioned
studies, in the research performed by Hezaveh, et al. (2017) for the development of the Bicycle Rider Behavior Questionnaire
(BRBQ) among Iranian cyclists (n = 306), no significant correlations between traffic violations and non-deliberate aberrant
cycling behaviors (i.e. stunts and distractions, control errors and notice failure) were found. However, this study has shown
good indices of internal reliability (ranging from .70 to .84) and construct validity indicators; this was similar to the results
obtained with the CBQ, which were also based on the main structure provided by the Driver Behavior Questionnaire (Reason
et al., 1990) and convenience sampling. Also, four of the five dimensions employed in this research kept a positive relation-
ship with multi-vehicle crashes, remarking the importance of targeting cyclists’ errors and violations in order to reduce their
crash risk (Hezaveh et al., 2017).

Specifically regarding our second objective (i.e. to compare mean scores in the three sub-scales of the validated version of
the CBQ according to demographic and cycling-related factors), it is important to remark the set of significant differences
found in this regard, and their coherence with what has been already found by other empirical studies focused on cyclists.

Firstly, we found that gender affects CBQ’ scores on traffic violations, considering that male cyclists report higher values
when compared with females. Similarly, Johnson, Newstead, Charlton and Oxley (2011) found that women are less prone to
violate traffic norms while cycling (e.g. infringe red lights) than men; the same tendency is observed for motor vehicle dri-
vers in different studies (Cordellieri et al., 2016; González-Iglesias, Gómez-Fraguela and Luengo-Martín, 2012). Another
important result shown by the gender-based analysis was that female bicycle riders report significantly higher scores in pos-
itive cycling behaviors, in accordance with what has been found in some other studies, in which male subjects were (for
instance) less likely to employ passive-safety elements, and tended to have a lower risk perception than female cyclists,
who also perceived more situations and behaviors as potentially hazardous (Heesch, Sahlqvist and Garrard, 2012; Frings,
Rose & Ridley, 2012; Lang, 2007; LeBlanc, Beattie & Culligan, 2002). Finally, and compared with males, female cyclists are
more prone to prefer riding in cycle paths than in mixed roads (Bernhoft & Carstensen, 2008).

As for age comparisons, this study found that older cyclists report significantly lower scores both in errors and traffic vio-
lations, and higher values for positive behaviors than younger cyclists. This is consistent with what has been found by empir-
ical studies such as the one carried out by Johnson, Charlton, Oxley and Newstead (2012), which showed that cyclists older
than 29 years old report more compliance with rules and normative elements such as traffic lights than younger ones. Also,
Bernhof and Carstensen (2008) found interesting differences in the safety-related preferences for cycling, more numerous in
the case of older bicycle riders. Finally, cycling intensity also explained differences in the road user behavior of cyclists; in
this regard, cyclists with a lower weekly cycling intensity showed significantly higher scores in the subscale labeled traffic
violations, although no differences were found for cycling errors and positive cycling behaviors. Although empirical evidence
in this regard is still scarce, the hourly intensity of cycling has been pointed as a potential risk modulator, directly associated
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with cycling experience, which is also a predictor for more adaptation, risk perception and cycling performance (Martínez-
Ruiz et al., 2014a, 2014b & 2015).

In practical terms, the CBQ can have important applications in the improvement of road safety. Although bicycle riding in
large cities is a growing phenomenon, there is relatively little evidence on the behavioral factors associated with bicycle road
crashes (Martínez-Ruiz et al., 2014a, 2014b; Useche, Montoro, Alonso, & Oviedo-Trespalacios, 2018; Useche, Montoro,
Alonso, & Tortosa, 2018). This gap represents a barrier to the design of evidence-based road safety programs tailored to
cyclists’ specific needs and risks. To this extent, the CBQ represents an advance in the study of individual factors associated
with the risk of a bicycle crash. It is expected that, together with the evidence on other risk factors relevant for bicycle riding
(such as age, low risk perception of cyclists, deficiencies related to road infrastructure for bicycles and knowledge on the
aberrant behaviors of cyclists) this instrument could allow the development of countermeasures aimed at problems related
to bicycle crashes; not only psychometrically, but also considering that this strengthens the validity of the CBQ construct,
based on behavioral-based road safety perspectives.

The inclusion of a sub-scale of ‘‘positive behaviors” represents another important contribution of the CBQ to the research
on road safety. The traditional definition of traffic safety as a ‘‘lack of crashes/accidents, damage or injury” has generated bias
towards the measurement of negative behaviors in the investigation of risk factors involved in driving. On the contrary, the
strengthening and measurement of positive and prosocial traffic behaviors have proved to be related to substantial improve-
ments in the safety of road users (Harris et al., 2014; Bonham and Johnson, 2018). As such, several studies have emphasized
the importance of collecting evidence on the ‘‘positive behaviors” of drivers (Özkan and Lajunen, 2005). This information can
be particularly useful for designing educational programs that focus on developing autonomous driving skills, and on the
consolidation of a ‘‘positive traffic culture”.

5. Limitations of the study and further research

First of all, this article does not provide information on the predictive validity of CBQ. This information can be consulted in
Useche, Montoro, Alonso, & Oviedo-Trespalacios (2018). Second, the present study suffers from the typical limitations of
research based on self-reported data, in particular in terms of social desirability in the responses of participants. For instance,
several studies have found that motor-vehicle drivers tend to under-report undesirable behaviors, such as driving while
being above the legal limit of alcohol in the blood (Lajunen and Summala, 2003). However, it is also known that there is
a high correlation between self-reported driving behaviors and actual driving behaviors (Parker, Reason, Manstead &
Stradling, 1995; Rolls, Hall, Ingham & McDonald, 1991; Walton, 1999; West, 1995; Özkan & Lajunen, 2005; West, French,
Kemp & Elander, 1993). Issues such as the social desirability and the test-re-test validity of the CBQ could be addressed
in future studies with longitudinal designs. Another potential limitation to be taken into account is the existence of different
normative parameters on traffic signals existing between countries and/or geographical zones, that may affect the appreci-
ation, occurrence and valuation of specific misbehaviors.

Regarding further research on the behavior of cyclists, we also recommend the inclusion of supplementary behaviors,
such as those related to unforced errors, balance and hand signaling, that may strengthen the study of specific situations
related to the bicycle riding experience. In any case, the CBQ represents a psychometrically solid approach to the measure-
ment of cyclists’ risky behaviors. Different cultures may produce differences in structure and/or parameter estimates in the
scale. Finally, we also suggest further research in order to test the measurement of invariance of the CBQ across countries/-
cultures, considering the documented relevance of cultural and normative factors in road user behavior of cyclists.
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Resumen 

Introducción: Mientras el uso de la bicicleta como medio de transporte crece a nivel mundial, 
las tasas de accidentes que involucran a ciclistas, también en aumento, se han convertido en una 
preocupación a nivel científico, de salud pública y de seguridad vial. Según varios estudios y, a 
pesar de que algunos países estén desarrollando acciones preventivas, los datos indican que el 
problema de las lesiones sufridas por los ciclistas y provocadas por accidentes, implica costes 
elevados para el bienestar de la comunidad, para la economía y para el sistema de salud, lo cual 
demuestra que hay una clara necesidad de encontrar soluciones a este problema. Con respecto a 
esto, y considerando las evidencias empíricas disponibles, las conductas positivas y de riesgo han 
adquirido un peso significativo en términos de explicar, intervenir y prevenir los accidentes de 
tráfico de los ciclistas y, como algunas evidencias sugieren, el género podría influir en las 
conductas viales de los usuarios.  
Objetivos: El objetivo de este estudio fue examinar el efecto del género en las conductas positivas 
y de riesgo vial de los ciclistas, considerando como predictores potenciales una serie de variables 
demográficas, psicosociales y relacionadas con los hábitos de uso de la bicicleta. 
Métodos: Para este estudio trasversal se analizaron los datos de 1.064 ciclistas (61.2% hombres 
y 38.8% mujeres, entre 17 y 80 años), originarios de 20 países, quienes completaron un 
cuestionario electrónico, analizándose los datos a través de un modelo multi-grupo de ecuaciones 
estructurales.  
Resultados: Aunque la intensidad horaria (horas de uso de la bicicleta), el malestar psicológico 
y el nivel de conocimiento de las normas de tráfico predicen de forma similar las conductas viales 
de ambos géneros, la edad y la percepción de riesgo son predictores comportamentales 
significativos solo en el caso de los hombres. Por otro lado, la intensidad del uso de la bicicleta, 
el conocimiento de las normas de tráfico y la percepción de riesgo predicen las conductas 
positivas de los hombres, mientras que el malestar psicológico predice significativamente las 
conductas positivas de las mujeres. La edad no tiene efectos significativos en la explicación de 
los comportamientos positivos.  
Conclusiones: Los resultados obtenidos en este estudio sustentan la influencia del género en la 
explicación estadística de las conductas positivas y de riesgo de los ciclistas, y también revelan 
variables que predicen diferencialmente el comportamiento de los ciclistas, tanto de hombres 
como de mujeres.  
 

Palabras clave: Ciclistas, Género, Conductas Viales, Conductas de Riesgo, Conductas 
Positivas, Accidentes de Tráfico, Lesiones de Tráfico 
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A B S T R A C T

Introduction: While the use of bicycles as mean of transport is growing worldwide, the increasing rates of traffic
crashes involving cyclists have turned into a relevant scientific, public health, and road safety concern.
According to several studies, and despite the fact that some countries are taking part in preventive actions, the
data indicate that the problem of cycling injuries implies high costs for the community welfare, for the economy,
and for healthcare systems, thus proving a clear need for solutions. In this regard, and considering the available
empirical evidence, risky and positive riding behaviors have gained significant weight in terms of explaining,
intervening in, and preventing traffic crashes of cyclists, and some evidence suggests that gender may influence
the road behavior of users.
Objective: The objective of this study was to examine the effect of gender on cyclists' risky and positive riding
behavior, considering a set of demographic, psychosocial and bike-use-related variables as potential predictors.
Method: For this cross-sectional study, data from 1064 cyclists (61.2% males and 38.8% females, aged between
17 and 80) from 20 countries, responding an electronic survey, were analyzed through a multi-group structural
equation modeling approach. Results: Although hourly intensity, psychological distress and level of knowledge
of traffic rules similarly predict the risky road behaviors of both genders, age and risk perception are significant
behavioral predictors only in the case of male cyclists. On the other hand, positive behaviors of men are pre-
dicted by cycling intensity, knowledge of traffic rules and risk perception, while in the case of women psy-
chological distress predicts -to a significant extent- positive behaviors. Age had no significant effect on the
explanation of positive behaviors.
Conclusion: The findings of this study support the influence of gender in the statistical explanation of risky and
protective behaviors, and they also reveal differentiating variables predicting the riding behavior of male and
female cyclists.

1. Introduction

Cycling constitutes an alternative mode of transport that offers
several health benefits, especially those related to cardio-respiratory
fitness, and it considerably decreases the risk of cardiovascular mor-
tality among habitual bike-users (Heesch et al., 2012; Pucher &
Dijkstra, 2003; Martin et al., 2000). It also constitutes an efficient al-
ternative to help improve environmental, economic and social out-
comes related to quality of life, mental health, urban mobility and
sustainability (Rissel et al., 2013; Pucher et al., 2010; Useche et al.,

2018). As for the latter, traffic-free routes for cycling may not only help
to reduce travel time, but also to increase the overall levels of physical
activity in the population, while simultaneously strengthening the pri-
mary prevention of a substantial range of non-communicable diseases
(Goodman et al., 2014).

From a macro-structural perspective, cycling constitutes an acces-
sible mode of transport for most of the population; it also offers, among
other benefits, a potentially low cost for users, ecological improve-
ments, a relevant increase in the community's level of physical activity,
and a relatively easy assimilation into people's daily activities
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(Hollingworth et al., 2015). In this regard, some empirical studies have
discussed the ambivalence existing in the benefits and risks implied by
the growth of cycling, for both urban mobility and public health. De
Hartog et al. (2010) and Mulvaney et al. (2015) have discussed the need
of developing adequate infrastructures and social improvements, in
order to prevent the bicycle use from leading to potentially unfavorable
outcomes in terms of traffic crashes and their derived human, economic
and social losses. For instance, in the case of North America, which
presents a relatively low level of bicycle use (< 4% of the population),
it is expected that bike collisions will increase in the coming years, and
this is linked to the progressive growth of cycling (Wei and Lovegrove,
2013). Thus, not everything that is related to cycling is completely
positive in terms of health and safety, and some data provide sufficient
evidence of this. For instance, during the period between the years 2006
and 2015, 22,895 cyclists lost their lives in Europe as a result of traffic
crashes (European Road Safety Observatory, 2017). In the particular
case of Spain, throughout the last 10 years 656 bike users have died,
5725 have been slightly injured (non-hospitalized), and 41,849 have
been severely injured (hospitalized) as a consequence of a road crash
(DGT, 2016). The danger to which cyclists are exposed and the poor
adaptation of cities to this mode of transportation, together with the
insufficient degree of cultural advances in this regard common to sev-
eral countries (Buehler and Pucher, 2017; Forjuoh, 2003), constitute
some of the most relevant issues that should be addressed; we need to
make cycling a more user-friendly activity, better integrated into the
transport dynamics (Pucher and Dijkstra, 2003).

1.1. The study of risky and positive behavior for preventing road crashes
involving cyclists

Although the risky behaviors are not direct (or, in other words,
totally reliable) predictors of traffic crashes (Af Wåhlberg et al., 2009),
and considering that not all cycling causalities are the cyclist’s fault,
positive behaviors do not totally exempt the user from the risk of suf-
fering a crash (Özkan and Lajunen, 2005), the study of the behavioral
issues of road users constitutes a necessary task for the prevention of
traffic injuries and for the management of road safety (Thomas et al.,
2013). In this regard, psychosocial factors such as psychological distress
have been -especially in the case of drivers- related to the user’s be-
havior on the road and to its subsequent potential traffic crashes (Bates
et al., 2014; Clapp et al., 2011). Also, some habits and patterns such as
the frequency and intensity of movement have been related to the road
risk incurred by both drivers and cyclists (Amini et al., 2018; Poulos
et al., 2015; Useche et al., 2018).

Speaking of some relevant data relating the risky and positive be-
haviors of road users to their crash risk, and their actually suffered
crashes, it is important to highlight that the evidence -frequently ob-
tained using the DBQ or Driving Behavior Questionnaire and its derived/
adapted versions- has systematically demonstrated that risky/aberrant
behavior on the road is a predictor of traffic crash risk (Af Wåhlberg
et al., 2009; Sümer, 2003; Lawton et al., 1997). Additionally, in the
particular case of cyclists, risky behaviors on the road have been proven
not only to influence their near-miss (narrowly avoided crashes) rates
and crash risk, but to modulate the severity of crashes and injuries
suffered by them (Hezaveh et al., 2017 ; Helak et al., 2017; Twisk et al.,
2015). However, there is a lack of evidence on the role of positive
behaviors in the explanation of traffic crash risk; in this sense, although
positive behaviors on the road report negative correlations with risky
behaviors (Shen et al., 2018; Özkan and Lajunen, 2005), positive beha-
vior cannot be understood as the mere lack of risky behaviors (Özkan
and Lajunen, 2005). In addition, the lack of studies demonstrating the
predictive value of positive behavior is still a gap which needs to be
filled through new researches.

Furthermore, the study of behavioral issues as a way of preventing
traffic crashes becomes even more significant when we consider the
following facts: first, most traffic crashes are preceded by the risky

behaviors of at least one of the involved actors, which might be linked
to a poor knowledge of traffic rules, element that should therefore be
strengthened in order to prevent risky traffic behaviors (Hassen et al.,
2011; Berg, 2006); second, the lack of knowledge of traffic rules seems
to be associated with negative attitudes towards other road users, such
as cyclists, thus facilitating the occurrence of conflicts among them
(Rissel et al., 2002); and third, once a cyclist has been involved in a
road crash, his or her vulnerability becomes substantially greater
compared to the majority of other road users (Constant and Lagarde,
2010). Furthermore, the relatively scarce empirical research on beha-
vioral predictors of traffic crashes among cyclists makes studies on this
topic worthwhile. In fact, they are a useful tool for supporting inter-
ventions aimed at improving cycling infrastructures, reducing the
crash-involvement of road users, and promoting a more inclusive road
safety culture for cyclists (Hull and O’Holleran, 2014; Fernández-
Heredia et al., 2014).

1.2. A short review of gender differences in cycling

The safety of cyclists is a complex issue, considering that it has been
proven to be associated with different objective and subjective factors.
However, one of the human factors characteristically differentiating
road behaviors and safety outcomes is gender. Although it does not
apply to cycling only, and although the evidence in this regard is still
scarce, male and female road users have been systematically compared
in many empirical studies, finding differences in variables related to
both risky and protective road behaviors. Some of these variables are:
road risk perception, speeding, attitudes towards road safety, and self-
reported driving behaviors (Glendon et al., 1996; Gustafson, 1998;
Cordellieri et al., 2016). Male drivers, for instance, were found to
perceive themselves as safer drivers than women but, at the same time,
reported more distractions and risky behaviors on the road (Barr et al.,
2015).

These differences have also been addressed in the specific case of
cyclists by Heesch et al. (2012) finding that patterns, habits, hourly
intensity, and bike-using motivations may substantially vary between
genders, considering (among other factors) that cycling is still a highly
gendered mode of transportation in different regions of the world, ac-
cording to a set of studies performed in Europe, North and Latin
America (Lovelace et al., 2016; Sá et al., 2016; Aldred et al., 2016;
Pucher et al., 2011; Geddes, 2009; Garrard et al., 2008). Also regarding
cycling patterns, behaviors and preferences, Bernhoft and Carstensen
(2008) found that, in certain age groups (elderly people, aged 70 and
older, and adults between 40–49 years), a major proportion of women
considers cycle paths as a relevant element for their comfort when
cycling. Moreover, and specifically for what concerns 40–49 -year-old
adults, women were more likely to choose routes provided with cycle
paths and signalized crossings than men, whereas a significantly higher
proportion of men would choose the fastest route instead.

Additionally, other studies have found relevant gender differences
translated into key facts, showing that: women are less likely to use
bicycles than men (Sahlqvist and Heesch, 2012); gender influences the
likelihood of being involved in crashes (Prati et al., 2017); female cy-
clists are less likely to be involved in traffic crashes, and have shown a
higher risk perception (they perceive more situations and behaviors as
potentially risky) than males in different empirical studies and litera-
ture reviews (Frings et al., 2012; Griffin, 2015; Griffin and Haworth,
2015). Also, in an observational study, female cyclists showed lower
odds of law infringement at red lights (0.596) when compared to male
cyclists (Johnson et al., 2011); on the other hand, males have a lower
propensity to be involved in bicycle-vehicle conflicts than females
(Stipancic et al., 2016). Cobey et al. (2013) found that male Dutch
cyclists are more inclined to take risks than females, this being ex-
pressed in specific behaviors such as illegally trespassing railway tracks
and cycling without lights; furthermore, based on the study of demo-
graphic factors and cycling habits, Martínez-Ruíz et al. (2014, 2015b)
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found that female cyclists were slightly more at risk than male cyclists.
Finally, and depending on the study, adult female cyclists may be more
or less likely to use passive-safety elements such as a helmet than men
(Uibel et al., 2012; LeBlanc et al., 2002; Lang, 2007).

1.2.1. Objectives and hypotheses
The objective of this study was to examine the effect of gender on

cyclists' risky and positive behaviors on the road, considering a set of
demographic, psychosocial and bike-use-related variables as their po-
tential predictors.

Regarding the hypotheses of the study, and bearing in mind the
aforementioned previous researches supporting the influence of the
study’s variables on the road behavior of cyclists, we expected to find:
1) that demographic, psychosocial, and cycling-related variables would
significantly explain the cyclists' risky and positive behaviors on the
road, but 2) that the variables would have a differential influence in
these behaviors when considering gender as a differential factor.

2. Methods and materials

2.1. Sample

The data was collected from a full sample of 1064 bike users from
20 different countries in Latin America (831 participants, representing
78.1% of the sample; 38.6% females and 61.4% males), Europe (161
participants, representing 15.15% of the sample; 41% female cyclists
and 59% males), and North America (72 participants, representing
6.75% of the sample; 37.5% females and 61.1% males), 413 (38.8%)
females, and 651 (61.2%) males, aged between 17 and 80, with a mean
value of x =32.83 (SD=12.63) years. Half of the respondents (50.1%)
had an undergraduate degree, and 29.9% a post-graduate degree. 9.1%
of them had received a technical training (more advanced than a high
school diploma, but lower than a university degree); 10.4% only had a
high school diploma, and the remaining 0.5% had a maximum educa-
tional level of primary studies. Regarding their journeys as cyclists, the
participants used their bicycles for a mean time of x =6.71
(SD=6.34) hours a week. The mean duration of their bicycle journeys
was x =47.55 (SD=42.66) minutes.

2.2. Study design and procedure

For this cross-sectional and self-reported based study, participants
(invited to take part in the research by means of verified inter-institu-
tional mailing lists of Spanish-speaking subjects, shared among some
universities) completed an on-line questionnaire, sent through an
electronic invitation for each user. The questionnaire was designed and
applied ensuring the anonymity of its participants. We emphasized the
existing laws on data protection and the fact that the gathered in-
formation would only be used for statistical and research purposes; all
this was made clear to participants prior to the beginning of the elec-
tronic survey. The importance of answering honestly to all the ques-
tions was highlighted, as well as the non-existence of wrong or right
answers, in order to minimize the impact of some potential bias related
to self-reported data. To read more about methodological limitations
inherent to self-report methods, please see the section “Limitations of the
study and further research”.

During the presentation of the survey, potential participants (in-
dividuals accessing the on-line form) were asked to complete the
questionnaire only if they were frequent bicycle users (it was suggested,
as a guideline, “if you ride a bike with certain regularity, at least once per
week, or once every few weeks”). A statement of informed consent was
checked and accepted by participants as a requirement for their vo-
luntary participation in the survey.

Surveys were fully completed by 1064 cyclists, discarding in-
complete or partially completed questionnaires. The response rate was
approximately 42.6%, bearing in mind that approximately± 2 500

questionnaires were initially delivered.

2.3. Description of the questionnaire

The questionnaire was administrated in Spanish and consisted of
four sections:

The first part inquired individual and demographic variables, such
as age, gender, city of residence, and occupation; it also contained a
brief questionnaire about cycling habits, including the number of trips
per week and their average duration, in order to estimate the hourly
intensity of cycling.

As for the second part, self-reported risky cycling behaviors were
assessed using the raw item bank of the Cyclist Behavior Questionnaire
(CBQ) (Useche et al., 2018), a self-report instrument specifically de-
signed to measure high-risk cycling behaviors (errors and violations)
among bike users. This Likert scale is originally composed of 44 items
divided into three factors: Violations (V), consisting of 16 items; Errors
(E), consisting of 16 items; and Positive Behaviors (PB), consisting of 12
items. A global score of “Risky Behaviors” was built by adding the Er-
rors and Violations reported by respondents. The entire questionnaire
used a 5-level frequency-based response scale: 0=never; 1=hardly
ever; 2=sometimes; 3=frequently; 4=almost always. Regarding the
study factors, the first two dimensions were grounded on the original
factorial structure of the Driving Behavior Questionnaire (DBQ)
(Reason et al., 1990). The scale also includes a supplementary factor
(PB) for measuring protective behaviors that, unlike the first two di-
mensions, may help to prevent the occurrence of traffic crashes. Al-
though both risky and positive behaviors represent “two sides” of traffic
behavior in everyday life (Shen et al., 2018), it is worth mentioning that
the concept of “positive” behaviors does not equal the “absence of risky
behaviors”, but it rather involves protective habits and reactions that
may enhance the road safety of users. Positive behaviors have pre-
viously been added to the risky behaviors traditionally contained in the
DBQ, in the case of vehicle drivers, principally by Özkan and Lajunen
(2005).

The Cyclist Risk Perception and Regulation Scale (RPRS) (Useche
et al., 2018) was used to measure the risk perception and the knowledge
of traffic regulations among cyclists. It is a Likert scale composed of 12
items (7 for risk perception and 5 for the knowledge of general rules of
bike-use), in which the degree of risk perceived in objective risk factors
and the knowledge of general road regulations are assessed in a 0 (no
knowledge/risk perceived) to 4 (highest knowledge/risk perceived)
scale.

Finally, psychological distress was measured using the short version
of the Goldberg’s General Health Questionnaire (GHQ) (Goldberg,
1992), made up of 12 items, and designed to assess different potential
symptoms that may have affected the subject’s mental health in the
form of psychological distress during the previous month. This instru-
ment was included bearing in mind two essential facts: first, that cy-
cling is a mode of transportation that has been related to positive results
for the user’s health (Pucher et al., 2010; Cavill and Davis, 2007), and
second, that the mental health of road users has also been related to
their road behaviors (McDonald et al., 2014; Useche et al., 2017).

2.4. Ethics

To carry out this study, the Social Science in Health Research Ethics
Committee of the University of Valencia was consulted, certifying that
our research responded to the general ethical principles, currently re-
levant to research in Social Sciences, and certifying its accordance with
the Declaration of Helsinki; this issued a favorable opinion to carry out
the study (IRB approval number H1517828884105). Furthermore, an
Informed Consent Statement containing ethical principles and data
treatment details was used, explaining the objective of the study, the
mean duration of the survey, the treatment of the personal data and the
voluntary participation, and it was always provided to the participants
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before they completed the questionnaire. Personal and/or confidential
data were not used, and the participation was anonymous, implying no
potential risks for the integrity of our participants.

2.5. Statistical analysis (data processing)

Basic descriptive analyses were performed in order to obtain scores
for the three dimensions of the Cyclist Behavior Questionnaire (CBQ),
and descriptive statistics (mean, standard deviations, standardized er-
rors and confidence intervals [CI= 95%]) were obtained. We carried
out and assessed normality tests; once the basic parameters of partici-
pants’ data (variables with fit were logarithmically transformed for
comparative analyses) were met, basic One-Way ANOVA analyses were
performed to compare the mean scores of the study variables between
genders. The associations between age, intensity (i.e., hours of riding
per week), psychological distress, knowledge of traffic regulations, risk
perception, self-reported cycling risky (model A) and positive behaviors
(model B) were tested using multi-group path analyses (Structural
Equation Modeling -SEM- with maximum likelihood estimations) with
differential significance level criteria for p<0.05, p<0.01, and
p<0.001. All statistical analyses were performed using ©IBM SPSS
(Statistical Package for Social Sciences), version 24.0, and ©IBM SPSS
AMOS, version 22.0, specifically employed for structural equation-
modeling.

3. Results

The descriptive statistics are presented in Table 1. Overall, male
cyclists presented a significantly higher mean score in the case of in-
tensity (M=7.58; SD=6.74 for men, and M=5.35; SD=5.38 for
women), knowledge of traffic norms (M=3.14; SD= .68 for men, and
M=2.99; SD=0.74 for women), and risky riding behaviors
(M=1.36; SD=0.75 for men, and M=1.08; SD= .67 for women). In
contrast, female cyclists reported significantly higher values of psy-
chological distress (M=1.90; SD=0.42 for men, and M=1.95;
SD=0.43 for women), risk perception (M=3.41; SD=0.497 for men,
and M=3.47; SD=0.51 for women) and positive cycling behaviors
(M=2.64; SD=0.62 for men, and M=2.74; SD=0.62 for women).

3.1. Model A: effect of gender on risky behaviors when cycling

Based on the theoretical points presented in the introduction, the
effect of gender on self-reported risky behaviors was examined using a
multi-group SEM (Structural Equation Modeling) approach, which is
substantially different than addressing gender (in this case the fact of
being a man/woman) within the variables included in the structural
model. In this sense, data were split into two gender groups (categorical
variable), a group of 651(61.2%) male, and a group of 413 (38.8%)
female cyclists, both groups with an acceptable sample size for the
exploration. Using the SPSS AMOS multi-group comparisons analysis,
the hypothesized structural model was adjusted in order to fit the data
according to gender, but, at the same time, considering the parameters
of the total sample.

The resulting Structural Equation Model, simultaneously fitted for
both genders, or categorical groups (x2(10)= 143.504, p<0.001;
NFI= 0.792; CFI= 0.794; RMSEA=0.1021), is presented through
two different graphical models in Fig. 1. In this regard, although similar
models have already been obtained for explaining risky behaviors on
the road from the study variables used in this research, the impact of
independent variables showed differential trends in male and female
cyclists. In short, the standardized path coefficients (see Table 2 and
values next to solid lines in Fig. 1) of the model suggest, in the case of
men, negative associations between age (β=−0.180***), level of
knowledge of traffic rules (β=−0.160***), risk perception
(β=−0.123***) and risky behaviors while riding a bicycle (dependent
variable). On the other hand, positive relationships were found between
intensity (β=0.136***), psychological distress (β=−0.180***) and
risky behaviors.

As for women, and despite the significant variables found for male
cyclists, not all the study factors present a significant association with
risky cycling behaviors. In this case, only the number of weekly cycling
hours (or intensity) (β=0.183***), and psychological distress
(β=0.096*) present a positive association with the dependent vari-
able; while the knowledge of traffic rules (β=−0.232***) has a negative
and significant relationship with self-reported risky behaviors.

3.2. Model B: effect of gender on positive behaviors when cycling

A second structural model built to explain positive behaviors was

Table 1
Descriptive statistics and mean comparisons between genders.

Study Variable Factor N Mean SD Std. Error 95% CI Min Max ANOVA

Lower Upper F Sig.

Age Women 413 31.92 12.015 0.591 30.76 33.08 17 80 3.546 0.060 (N/S)

Men 651 33.41 12.980 0.509 32.41 34.41 17 76
Total 1064 32.83 12.629 0.387 32.07 33.59 17 80

Intensity (Cycling hours per Week) Women 390 5.35 5.386 0.273 4.81 5.88 1 50 20.415 0.000 (***)

Men 617 7.58 6.739 0.271 7.05 8.11 1 50
Total 1007 6.71 6.341 0.200 6.32 7.11 1 50

Psychological Distress Women 395 1.95 0.437 0.022 1.91 2.00 1.17 3.75 4.369 0.037 (*)

Men 630 1.90 0.423 0.017 1.86 1.93 1.00 3.75
Total 1025 1.92 0.429 0.013 1.89 1.94 1.00 3.75

Knowledge of Traffic Norms Women 413 2.99 0.743 0.036 2.92 3.06 .60 4.00 10.788 0.001 (**)

Men 651 3.14 0.680 0.026 3.08 3.19 .00 4.00
Total 1064 3.08 0.708 0.021 3.04 3.12 .00 4.00

Risk Perception Women 413 3.47 0.509 0.025 3.42 3.52 .29 4.00 3.264 0.071 (N/S)

Men 651 3.41 0.497 0.019 3.37 3.45 .00 4.00
Total 1064 3.44 0.502 0.015 3.40 3.46 .00 4.00

Risky Behaviors Women 413 1.08 0.669 0.032 1.02 1.15 .00 3.69 36.595 0.000 (***)

Men 651 1.36 0.754 0.029 1.30 1.41 .00 3.79
Total 1064 1.25 0.734 0.022 1.20 1.30 .00 3.86

Positive Behaviors Women 413 2.74 0.616 0.030 2.68 2.80 .00 4.00 6.859 0.009 (**)

Men 651 2.64 0.621 0.024 2.59 2.69 .00 4.00
Total 1064 2.68 0.620 0.019 2.64 2.72 .00 4.00

Notes: *** Significant at level 0.001; ** Significant at level 0.01; * Significant at level 0.05; (N/S) Non-significant.
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also fitted for both genders (x2(10)= 142.313, p<0.001; NFI= 0.813;
CFI= 0.816; RMSEA=0.1027), and is presented in the form of two
different graphic models in Fig. 2.

According to the model's standardized path coefficients (see Table 3
and values next to solid lines in Fig. 2), this second multi-group model
showed that, in the case of male cyclists, positive behaviors on the road
are significantly and positively explained by intensity (β=0.140***),
knowledge of traffic rules (β=0.297***), and risk perception
(β=0.209***). Despite the fact that model A includes age and psy-
chological distress as explaining variables for risky behaviors, in the
case of positive behaviors these variables do not explain the dependent
variable in male cyclists.

For what concerns female cyclists, a set of positive associations was
found between hourly intensity (β=0.160***), knowledge of traffic
rules (β=0.251***), risk perception (β=0.210***) and the dependent
variable. Moreover, psychological distress (β=−0.194***) showed a
negative and significant relationship with self-reported positive

behaviors on the road. Compared to Model A -built to explain risky
behaviors- and although most of the significant variables apply to both
structural models, risk perception seems to play a significant role in
Model B only.

4. Discussion and conclusion

Based on the response provided by 1064 cyclists taking part in this
research, and bearing in mind the purpose of the study, this paper ex-
amined the relationships between demographic, psychosocial, road
safety-related factors, and self-reported road behaviors (risky and po-
sitive) in both genders. Through the multi-group structural equation
modeling approach, we found empirical evidence supporting the hy-
pothesis that there are gender-related differences in the explanation of
cyclists’ road behaviors; i.e., we found how these variables may influ-
ence the self-reported risky and positive behaviors in cycling.

Bearing in mind what has been mentioned above, it is worth

Fig. 1. Two-group structural model showing standardized path coefficients for Risky Behaviors: men (left) and women (right). *p<0.05; **p<0.01; ***p<0.001.

Table 2
Multi-group SEM Model to predict Risky Behaviors.

Men

Estimate1 S.E.2 Std. Estimate3 C.R.4 P

Risky Behaviors <— Knowledge of Traffic Rules −0.175 0.044 −0.160 −3.991 ***
Risky Behaviors <— Intensity (Hours/Week) 0.015 0.004 0.136 3.696 ***
Risky Behaviors <— Risk Perception −0.184 0.059 −0.123 −3.121 0.002**
Risky Behaviors <— Age −0.01 0.002 −0.180 −4.692 ***
Risky Behaviors <— Psychological Distress 0.02 0.005 0.134 3.616 ***

Women

Estimate1 S.E.2 Std. Estimate3 C.R.4 P

Risky Behaviors <— Knowledge of Traffic Rules −0.207 0.046 −0.232 −4.539 ***
Risky Behaviors <— Intensity (Hours/Week) 0.023 0.006 0.183 3.906 ***
Risky Behaviors <— Risk Perception −0.115 0.063 −0.089 −1.829 0.067
Risky Behaviors <— Age −0.004 0.003 −0.072 −1.423 0.155
Risky Behaviors <— Psychological Distress 0.012 0.006 0.096 2.026 0.043*

1 SPC=Estimated Path Coefficients (can be interpreted as linear regression weights).
2 S.E. = Standard Error.
3 Standardized Path Coefficients.
4 C.R. = Critical Ratio. *** Significant at lev0el 0.001; ** Significant at level 0.01; * Significant at level 0.05.
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discussing the outputs of our research in the light of other empirical
experiences, which addressed the relationship between the variables of
our study and the occurrence of differential rates of risky and positive
road behaviors. However, this evidence is scarce and has been explored
without considering specific variables such as gender, even when ad-
dressing general populations of cyclists. For this reason, we will develop
this discussion considering: first, the influence of each one of our main
study’s variables in risky and positive behaviors and, second, by ad-
dressing some relevant facts supporting the obtained gender-related
differences.

The first variable addressed by the empirical evidence as having
major relevance for the prediction of road behavior is age, which, in the
case of cyclists, has been described as a differential factor for behaviors
such as speeding (Thompson et al., 1997), the use (or not) of passive
safety measures such as the helmet (Donate-López et al., 2010), risk
perception and assumption (Feenstra et al., 2010; Woodcock et al.,
2014), and even the cyclists’ injury rates derived from traffic crashes

(Pedroso et al., 2016; Martínez-Ruiz et al., 2015a). As for the latter,
Schleinitz et al. (2016) found that age also modulated risk-related and
decision-making judgments, when cyclists were interviewed only as
observers of different road situations. In this study, we found that age
plays a significant role in explaining risky behaviors. For the second
main variable of the study, i.e., the hourly intensity of cycling, cycling
habits and patterns had already been identified as risk modulators,
considering the great exposure of frequent cyclists when frequently
using the bicycle as a mode of transportation for long periods of time
(Useche et al., 2018; Martínez-Ruiz et al., 2015a), as it is shown by the
results obtained in the present study. As for psychological distress, the
overall results of this study showed a positive association between this
variable and the risky road behaviors of cyclists. In other words, and
although our research may contribute only to the prediction of self-
reported behaviors, the results of this study suggest a similar effect of
psychological distress on the risky behaviors of cyclists of both genders,
but a differential effect in the case of positive behaviors; for instance,

Fig. 2. Two-group structural model showing standardized path coefficients for Positive Behaviors (PB): men (left) and women (right). *p<0.05; **p<0.01;
***p<0.001.

Table 3
Multi-group SEM Model to predict Positive Behaviors (PB).

Men

Estimate1 S.E.2 Std. Estimate3 C.R.4 P

Positive Behaviors <— Knowledge of Traffic Rules 0.269 0.035 0.297 7.638 ***
Positive Behaviors <— Intensity (Hours/Week) 0.013 0.003 0.140 3.918 ***
Positive Behaviors <— Risk Perception 0.259 0.047 0.209 5.469 ***
Positive Behaviors <— Age 0.002 0.002 0.031 0.84 0.401
Positive Behaviors <— Psychological Distress −0.007 0.004 −0.061 −1.713 0.087

Women

Estimate1 S.E.2 Std. Estimate3 C.R.4 P

Positive Behaviors <— Knowledge of Traffic Rules 0.203 0.04 0.251 5.105 ***
Positive Behaviors <— Intensity (Hours/Week) 0.018 0.005 0.160 3.553 ***
Positive Behaviors <— Risk Perception 0.248 0.055 0.210 4.49 ***
Positive Behaviors <— Age 0.001 0.002 0.020 0.408 0.683
Positive Behaviors <— Psychological Distress −0.022 0.005 −0.194 −4.27 ***

1 SPC=Estimated Path Coefficients (can be interpreted as linear regression weights).
2 S.E. = Standard Error.
3 Standardized Path Coefficients.
4 C.R. = Critical Ratio. *** Significant at level 0.001; ** Significant at level 0.01; * Significant at level 0.05.
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the effect of psychological distress on positive behaviors (although
negatively associated in both cases) was only significant in the case of
female cyclists. This is coherent with what was found by other studies
involving different road users, which discussed the role and effect of
mental health indicators on risky road behaviors (Clapp et al., 2011;
Bates et al., 2014; McDonald et al., 2014).

Also, and addressing the users' level of knowledge of traffic rules,
the overall finding is totally consistent with the existing evidence,
available, for instance, in the case of drivers: a higher knowledge of
traffic norms implies a lower involvement in risky behaviors, and a
greater development of the positive ones (Hassen et al., 2011; Dong
et al., 2011). However, it is worth discussing the potential differences
between subjects depending on demographical and norm-related fac-
tors, that may exert a potential influence on their appraisal of both
traffic rules and road behaviors in two ways: first, features such as age,
educational level and occupation may explain differences in the
knowledge, recognizance and following of traffic norms –fact that is
related to some risky behaviors (Al-Madani and Al-Janahi, 2002;
Alonso et al., 2017); second, the existence of different formal (traffic
rules) and informal (social norms and perceptions) normative codes
across countries, that may differentially influence both risky and posi-
tive behaviors – for instance, the cultural insertion of habits, such as the
use (or not) of passive safety measures, i.e. the helmet (Shinar et al.,
2003; LeBlanc et al., 2002). Also, it is true that, depending on in-
dividual, infrastructural and cultural factors, cyclists may rationalize
some risky behaviors in function of (e.g.) their benefits (time or effort
saving), a perceived low probability of causing a crash, their ‘normal’
occurrence, or just the absence of norms in this regard (Marshall et al.,
2017; Lang, 2007). These factors require us to be careful when per-
forming interpretations/generalizations on the available data. Finally,
the directionality of the association between risk/perception and risky/
positive behaviors was consistent with our study’s hypothesis. It was
also coherent with other empirical findings that highlighted the need of
a higher risk perception, as a way to strengthen safety and injury pre-
vention for every road user (Ivers et al., 2009; Ngueutsa and
Kouabenan, 2017).

4.1. Summary: gender differences and common elements in risky and
positive behaviors

The key split variable (as a categorical factor) considered in this
study was gender. Bearing in mind the central target of this research,
and condensing the results of both structural models (A for risky, and B
for positive behaviors) presented above, key gender differences and
similarities were found in terms of:

- Age. This significantly explained risky behaviors in the case of male
cyclists (i.e., the younger the subject, the higher the score in risky
behaviors), but not in the case of females. On the other hand, age
values did not present statistically significant weights for predicting
positive behaviors. In other words, no gender differences were found
in the case of age, which was shown to have a similar influence in
both genders.

- Cycling intensity and self-reported knowledge of traffic rules. These
contributed to the explanation of risky and positive behaviors in
both genders, with similar regression weights and directions for all
cases. Also, the association between the number of riding hours per
week and the risky/positive behaviors kept a positive relation for
both multi-group models, while the knowledge of rules presented a
negative relationship with risky behaviors, and a positive one with
positive behavior.

- Psychological distress. This variable presented a significant and
positive association with risky behaviors for both genders, but only
for women (negatively) there was a positive association with posi-
tive behaviors on the road. In other words, in female cyclists a lower
score in psychological distress implies an increased report of

positive behaviors while riding a bicycle.
- And finally, risk perception was only significant for the (negative)
explanation of risky behaviors performed by male cyclists (i.e., a
lower risk perception implies a riskier behavior), but positively ex-
plained positive behaviors in the case of both genders, i.e., the
higher the risk perception, the higher the rate of positive behaviors.

5. Limitations of the study and further research

Although our sample size was considerably large, and all statistical
parameters were accurately and positively tested during the treatment
of data, some specific issues should be listed as potential sources of bias.
First, this study is based on a self-report methodology, thus placing its
results within the spectrum of the common method biases, often ob-
served in cross-sectional designs for research (Podsakoff et al., 2003).
These sources of bias may range from social desirability to lack of
sincerity and acquiescence bias (Raazavi, 2001), especially if we con-
sider that the survey addressed issues that may be uncomfortable
(mental health issues and negative road behaviors. This is a common
problem in road safety research based on self-reports), since they are,
usually, socially stigmatized and therefore still tend to be biased; this
happens even when the anonymity of participation and the research
value of the data have been clearly stated prior to the subjects’ parti-
cipation in the study.

Secondly, we used an on-line form for collecting the data, based on
pre-existent mailing lists and on the willingness of the subjects to par-
ticipate (or not). Although this surveying method implies several ad-
vantages for the researcher, such as maximizing the efficiency, acces-
sibility and practicality of the data collection, it remains vulnerable to
issues related to reliability. In fact, it is impossible to check, for in-
stance, the veracity of the basic data (i.e. demographics) provided by
the respondent. Nevertheless, this study avoided the use of external
data sources, due to the impossibility to verify the identity of partici-
pants in such networks.

Thirdly, we must remark an important fact: we based the theoretical
background and the consequent discussion of the results on the gender
of cyclists, but gender also represents a source of bias in evidence-based
research (Holdcroft, 2007). In fact, it is often very difficult for re-
searchers to generalize the findings of their studies when considering
the differential behavior/logic of one or more facts in males and fe-
males. For this reason, it is worth mentioning that gender may also
affect the sources of bias mentioned in the first paragraph of this sec-
tion; nevertheless, we kept in mind the aforementioned difficulty, and,
in accordance with the aim of the study, we analyzed genders sepa-
rately.

Also, we should highlight the fact that for this research we used
what could be considered a double-edged sword: although one of the
most important strengths of our study was the involvement of partici-
pants from 20 different countries -which allowed us to perform statis-
tical analyses under high rates of variability-, it is true that the fluc-
tuating status in terms of legislation, infrastructures and road safety
culture among countries (since there is no documented standard in this
regard) could potentially introduce some uncertainty regarding the
generalizability of the findings on the way in which risky and protective
behaviors might develop; it is a limit, and we can only make causal
interpretations of what has been previously documented (i.e. the the-
oretical associations and their directions between study variables).
Also, the specific demographic characteristics of participants, the social
norms and the differences related to traffic rules across and even within
the countries/regions may have influenced the results.

Finally, and regarding further research in this field, it is worth
suggesting: 1) a deeper assessment and statistical controlling of the
participants’ real knowledge on traffic rules, since we hypothesize the
possibility that participants who are more aware of the negative social
connotation of some road behaviors could be less likely to self-report
their performance; and 2) the complementary collection of qualitative
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data, considering that it would permit a deeper understanding of key
aspects of cycling patterns, habits and perceptions, and their impact on
riding behavior, a task for which self-report scales remain substantially
limited.
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Appendix 1

Cyclist Behaviour Questionnaire (44-item version)
Instruction for participants:
“Estimate how often you do the following when cycling”
Frequency scale:
0= Never; 1= Hardly ever; 2= Sometimes; 3= Frequently; 4= Almost always
Item composition:

1 Even though there is an exclusive bicycle lane nearby, I cycle on the vehicular lane or on the sidewalk.
2 I cycle under the influence of alcohol and / or other drugs or hallucinogens.
3 I cycle against traffic (wrong way).
4 I listen to music when I cycle.
5 I talk on the phone or text while I am riding the bike.
6 I cycle on the left side along mixed/vehicular lanes.
7 I zigzag between vehicles when I am using a mixed lane.
8 I carry potentially obstructive objects while riding the bicycle (food, packs, cigarettes…).
9 Sometimes I feel that I'm going at a higher speed than I should be going at.
10 I cross what appears to be a clear crossroad, even if the traffic light is red.
11 I carry passengers on my bicycle, even though it is not adapted for such a purpose.
12 I use the vehicular lane and the sidewalk interchangeably, so that I can go faster.
13 I stop at crosswalks, or other places that obstruct pedestrian traffic.
14 I whistle, shout and/or use the bicycle’s bell, so that the driver ahead will go faster.
15 I have races with other cyclists or drivers.
16 I yell, gesticulate and/or ring the bell to express my anger towards someone on the road.
17 I sometimes unintentionally cross the street without looking properly, making another vehicle brake to avoid a crash.
18 I sometimes collide (or I am close to it) with a pedestrian or with another cyclist because I got distracted when I was cycling.
19 I sometimes forget the route or destination I was heading to.
20 I break suddenly and are close to causing an accident.
21 When I turn, I fail to notice the presence of pedestrians who are crossing the street.
22 I do not brake when I see a "Stop" or "Yield/Give Way" sign, and thus I am sometimes close to colliding with another vehicle or with a

pedestrian.
23 I brake very abruptly on slippery surfaces.
24 While I am distracted, I sometimes do not realize that a pedestrian intended to cross a crosswalk and I do not stop to let him or her do so.
25 I sometimes do not realize that a vehicle that was parked intends to leave, and so I have to brake abruptly to avoid colliding with it.
26 When I drive on the right side, I sometimes do not realize that a passenger is getting out of a vehicle or bus, and I am close to hitting him or

her.
27 I try to overtake vehicles that had previously used indicators to signal that they were about to turn, and consequently I have to brake.
28 I sometimes misjudge a turn and hit something on the road, or I am close to losing balance (or falling).
29 Unintentionally, I sometimes hit a parked vehicle.
30 I fail to be aware of the road conditions and fall over a bump or hole.
31 I sometimes mistake a traffic signal for another one, and maneuver according to the latter.
32 I sometimes try to brake but I cannot use the brakes properly due to poor hand positioning.
33 I use the helmet for cycling.
34 I stop and look both sides before crossing a corner or intersection.
35 I periodically check my bike to avoid any mechanical mishap.
36 I try to move at a prudent speed to avoid sudden mishaps or braking.
37 When I travel at night, I use the necessary safety equipment (lights, vest and / or reflectors).
38 I usually keep a safe distance from other cyclists or vehicles.
39 When I use the bike path (or bike-lane), I always use the indicated lane.
40 I perform stretching and/or conditioning exercises before and after using the bike.
41 I avoid cycling under adverse weather conditions.
42 I avoid cycling if I feel very tired or sick.
43 I give way to other vehicles that come very close to me, even when I am the one who has the right of way.
44 I indicate to other vehicles that I will turn, well in advance.
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Resumen 

Introducción: El aumento de accidentes que involucran a ciclistas registrados en la última 
década, y la gran proporción de accidentes que provocan lesiones graves o incluso la muerte de 
estos usuarios viales constituyen, hoy en día, un problema global para la salud de la comunidad, 
el desarrollo urbano y la seguridad vial. Sin embargo, la incidencia que tienen muchos factores 
de riesgo en los accidentes viales de los ciclistas sigue sin tener mayores explicaciones empíricas, 
razón por la cual resulta pertinente estudiar este tema, con el objetivo de fortalecer el diseño de 
medidas que puedan prevenir los accidentes viales y lesiones de los ciclistas.  
Objetivos: Este estudio tuvo como primer objetivo examinar la relación entre los factores clave 
(tanto humanos como infraestructurales) presentes en el ciclismo, en las características de sus 
usuarios y en los historiales de accidentes de estos últimos. Y, en segundo lugar, determinar si 
hay una serie de factores humanos e infraestructurales que puedan predecir la situación futura de 
los ciclistas en términos de seguridad vial.  
Métodos: En este estudio trasversal participaron en total 1.064 ciclistas (38.8% mujeres, 61.2% 
hombres; x̄=32.8 años de edad), provenientes de 20 países de Europa, Latino y Norteamérica, que 
completaron un cuestionario online que se componía de cuatro secciones: datos demográficos y 
factores relacionados con el ciclismo; factores humanos; percepción de factores 
infraestructurales; y accidentes de tráfico sufridos.  
Resultados: Los resultados de este estudio muestran asociaciones significativas entre factores 
humanos, condiciones infraestructurales y tasas de accidentes. También se encontró, a través de 
la adaptación de un modelo de regresión logística para la predicción de accidentes de ciclistas, 
que estos últimos pueden explicarse a través de varias de las variables del estudio utilizadas, ya 
que la edad, la intensidad de pedaleo, las conductas de riesgo, y las interacciones problemáticas 
entre usuarios e infraestructuras, eran predictores significativos de accidentes de tráfico en el caso 
de los ciclistas.  
Conclusiones: Los resultados del estudio plasmados en el artículo, sugieren que las tasas de 
accidentes de los ciclistas están influenciadas por las características del usuario, así como también 
por la edad, las conductas y percepciones viales, o sus interacciones con las características 
infraestructurales de la vía.  
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Abstract: The increasing number of registered road crashes involving cyclists during the last
decade and the high proportion of road crashes resulting in severe injuries and fatalities among
cyclists constitutes a global issue for community health, urban development and sustainability.
Nowadays, the incidence of many risk factors for road crashes of cyclists remains largely unexplained.
Given the importance of this issue, the present study has been conducted with the aim of determining
relationships between infrastructural, human factors and safety outcomes of cyclists. Objectives:
This study aimed, first, to examine the relationship between key infrastructural and human factors
present in cycling, bicycle-user characteristics and their self-reported experience with road crashes.
And second, to determine whether a set of key infrastructural and human factors may predict
their self-reported road crashes. Methods: For this cross-sectional study, a total of 1064 cyclists
(38.8% women, 61.2% men; M = 32.8 years of age) from 20 different countries across Europe,
South America and North America, participated in an online survey composed of four sections:
demographic data and cycling-related factors, human factors, perceptions on infrastructural factors
and road crashes suffered. Results: The results of this study showed significant associations between
human factors, infrastructural conditions and self-reported road crashes. Also, a logistic regression
model found that self-reported road crashes of cyclists could be predicted through variables such as
age, riding intensity, risky behaviours and problematic user/infrastructure interactions. Conclusions:
The results of this study suggest that self-reported road crashes of cyclists are influenced by features
related to the user and their interaction with infrastructural characteristics of the road.

Keywords: cyclists; bicycle users; risky behaviours; human factors; infrastructure; self-reported road
crashes; road safety

1. Introduction

Road crashes have been a substantial concern for public health agencies (government, public
entities, healthcare system, etc.) and society for the last half century. However, despite the bicycle being
older than every motorized vehicle as a transport mode, the problem of cyclists’ injuries or fatalities as
a result of road crashes has been accentuated as a public health problem during the last few years [1].
Consequently, the amount of evidence available for explaining, predicting and preventing road crashes
involving cyclists is relatively scarce, especially in developing countries where bicycle usage has
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exponentially increased [2]. On the other hand, although high-income countries have a broader and
longer tradition of using bicycles [3,4], the mechanisms by which human and infrastructural factors
act on crash causation are not completely understood.

Considering that, especially in cities, the number of bicycle users, their average daily journeys
and distances travelled have been constantly growing and the need for analysing the factors that
affect cyclists’ crash rates is increasingly relevant [5,6]. For instance, in the case of Spain, in the period
2008–2013, 25,439 cyclists were involved in crashes resulting in injuries or fatalities [7,8]. Furthermore,
only in 2015, from the total of 59,148 road crashes involving injuries or fatalities, 3.85% (2277) of them
involved cyclists, leaving as a result 48 dead cyclists—47 men and 1 woman [9]. As for the zones in
which crashes occur, urban centres have a higher percentage of crashes (70.7%) and injury or fatality
victims (67.4%), compared to country roads, which report 29.3% of crashes and 32.6% of victims.
Moreover, 47.2% of severe injuries of cyclists occur on conventional urban roads [7].

Although the overall rates of road crashes (especially involving motorized vehicles) have been
decreasing in the last 40 years, the number of cyclist injuries and fatalities as a result of road crashes
has been systematically increasing [10]. The reasons for this increase are worth researching and should
not be disregarded. In addition, the subsequent health and financial costs of road crashes involving
cyclists are considerably elevated [11], especially considering two facts: first, compared to crashes
suffered by motor vehicle-users, cyclists have a greater physical vulnerability, even when they were
properly using passive-safety elements [12,13]; and second, in most countries cyclists do not need to
have crash insurance [14] and often their medical care is subsidized by public healthcare systems [11].

Bicycle-using is widely promoted as a cheap, environmentally responsible and alternative
transport mode to conventional motorized vehicles [15] and this has resulted—in many cases—in a
disproportionate and sometimes disorganized growth of bicycle users. This situation has implied a
significant increase in the need for studies seeking to explore different road system factors associated
to road crashes suffered by cyclists, including infrastructure [12,16] and rider behaviour [17]. In this
sense, one factor with a greater attributed influence on traffic injuries suffered by cyclists is risky
cyclist behaviour [18]. It is estimated that 40% of the crashes suffered by cyclists are preceded
by one or more risky cyclist behaviours, especially traffic violations or distracted riding [17].
Furthermore, risky behaviour on the road may be influenced by several variables, such as problematic
interactions with other road users, infrastructure problems and the lack of a cycling culture among the
population [19–23].

Nevertheless, research linking risky cyclist behaviour with road crashes is scarce [24,25], compared
to the number of empirical studies explaining traffic crashes involving motorized vehicle drivers.
Generally, this limits our capacity to design evidence-based cyclist injury prevention programs [26–28].
In this regard, it is necessary to identify human and infrastructural factors influencing cyclist safety
outcomes to support road safety [29–31].

Objectives

The objectives of this study focus on first, the relationship between key infrastructural and
risk-related human factors present in cycling, characteristics of cyclists and their crash rates.
And second, whether infrastructural and human factors on the road are associated with traffic crash
rates reported by cyclists, through a predictive model for explaining traffic safety outcomes.

2. Methods and Materials

2.1. Sample

Participants in this study were bicycle users (n = 1064) of 20 different countries from Europe,
South America and North America, comprised of 413 women (38.8%) and 651 men (61.2%), with an
average of M = 32.83 (SD = 12.63) years of age. The mean time participants used a bicycle per week
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was M = 6.71 (SD = 6.34) h, i.e., M = 0.96 h or 57.6 min per day. The average length for each bicycle
journey was M = 47.60 (SD = 42.68) min, or M = 0.80 h.

2.2. Study Design and Procedure

For this cross-sectional study, participants completed an online questionnaire. A cross-sectional
design was selected to maximize sample size in a narrow timeframe of data collection. Participants
were informed that their responses would be anonymous and only used for research purposes.
The importance of answering honestly to all questions was emphasized, as well as the non-existence
of wrong or right answers. Participants were required to indicate their voluntary informed consent
before proceeding with the questionnaire. Surveys were fully completed by n = 1064 cyclists, with a
42.6% response rate from approximately 2500 questionnaires that were initially delivered.

2.3. Description of the Questionnaire

The questionnaire was written in Spanish and consisted of various sections: Its initial part
addressed individual/demographic variables, such as age, gender and city of residence and
cycling-related factors, such as the frequency, length and habits associated to bicycle-using.

The second part examined participants’ self-reported risky behaviours on the road using the
Cyclist Behaviour Questionnaire (CBQ) [26], which is specifically designed for measuring high-risk
riding behaviours (errors and violations) among bicycle users. This Likert scale is composed of 44 items,
distributed in three factors: Violations (V), consisting of 16 items, Errors (E), composed by 16 items
and Positive Behaviours (PB), consisting of 12 items. A global score of “Risk Behaviours” was built
through the summing of Errors and Violations reported by respondents. The entire questionnaire used
a frequency-based response scale of 5 levels: 0 = never, 1 = hardly ever, 2 = sometimes, 3 = frequently,
4 = almost always.

The third part of the survey measured participants’ perceptions about infrastructural conditions
and other road users. Firstly, a set of Likert-type items was used to measure the following factors in a
scale from 0 (none existing) to 4 (highly present in their habitual cycling experience): the avoidance
of cycling under adverse weather conditions, signalizing and infrastructure problems on roads
frequented by participants, density of traffic and complexity of urban roads, perceived respect for
priority at intersections and overcrowding of bicycle use in their cities/towns of residence. Secondly,
a set of dichotomous items (Yes/No) addressed potential negative interactions participants recently
experienced in terms of: problematic interactions with other road users, problematic interactions with
obstacles on the road and the perception of environmental overstimulation through visual elements
present on their circulation roads.

Finally, the fourth part of the questionnaire consisted of a series of questions related to participants’
road crash rates (regardless of severity) suffered over a period of five years (e.g., how many crashes have
you suffered when cycling in the last 5 years?).

2.4. Ethics

This study was granted ethics clearance by the Research Ethics Committee for Social Science in
Health of the University Research Institute on Traffic and Road Safety at the University of Valencia.
This study was deemed in accordance with the ethical principles of the Declaration of Helsinki.
The study used an informed consent statement containing ethical principles, data treatment details,
explaining the objective of the study, the mean duration of the survey, the personal data treatment
and the voluntary nature of the study, which was presented to participants before undertaking the
questionnaire. The informed consent statement also advised that identifying data would not be used
as participation was anonymous.



Sustainability 2018, 10, 299 4 of 11

2.5. Statistical Analysis (Data Processing)

Basic descriptive analyses were performed in order to obtain raw and standardized scores
for study variables. Further, descriptive statistics (means, standard deviations) and Pearson’s
(bivariate) correlational analysis were performed to obtain, respectively, basic study factors and
associations between study variables. The association between independent study variables and
self-reported road crash rates of cyclists (dependent variable) was tested using logistic regression
(Logit), using a significance parameter of p < 0.05. All statistical analyses were performed using ©IBM
SPSS (Statistical Package for Social Sciences), version 23.0 (IBM, Armonk, NY, USA).

3. Results

3.1. Descriptive Statistics and Study Variable Scores

The mean of self-reported cycling crashes suffered in the last 5 years was M = 0.65 (SD = 0.98).
Regarding risky behaviour, the mean for self-reported risky behaviours when cycling (scale 0–4) was
M = 1.26 (SD = 0.73) and avoidance of cycling under adverse weather conditions (scale 0–4) was
M = 2.75 (SD = 1.25). The mean score obtained for perceived signalizing and infrastructure problems of
roads frequented by participants (scale 0–4) was M = 3.44 (SD = 0.80). Perceived density of traffic and
complexity of urban roads (scale 0–4) had a mean value of M = 3.38 (SD = 0.91). The perceived respect
for priority at intersections (scale 0–4) scored a mean of M = 1.29 (SD = 1.17). In addition, the perceived
overcrowding of bicycle’ use in city/town of residence (scale 0–4) presented a mean value of M = 2.27
(SD = 1.14), as shown in Table 1.

Regarding categorical (dichotomous) indicators, 83.6% of cyclists reported frequent problematic
interactions with other road users. Furthermore, 84% of participants had problematic interactions with
obstacles on the road. On the other hand, only 34.7% of respondents reported perceiving environmental
overstimulation through billboards or visual elements on the road.

3.2. Correlation Analysis

The bivariate (Pearson) correlation analysis (see Table 1), allowed identification of significant
associations between infrastructural and human demographic factors and traffic safety outcomes.
Specifically, age was negatively and significantly related to average hours riding per week, self-reported
risky behaviours on the road and self-reported road crashes suffered in the previous five years. On the
other hand, age was positively correlated with avoidance, perceived overcrowding of bicycle use and
environmental overstimulation. Regarding risky behaviours, significant associations were found for
perceived complexity of urban roads [−], perceived respect for priority in crossings [−], avoidance [−]
and for self-reported road crash rates [+]. Self-reported road crash rates were also associated with
intensity [+], overcrowding of bicycle use [+], avoidance [+] and perceived respect for priority in
crossings by other road users [−].
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Table 1. Descriptive statistics and bivariate correlations between study variables.

Continuous Variables Mean SD 2 3 4 5 6 7 8 9 10 11 12 13

1 Age of Users 32.83 12.630 −0.177 ** −0.274 ** −0.040 0.176 ** 0.102 ** −0.222 ** 0.161 ** 0.024 0.048 0.171 ** −0.197 ** −0.190 **

2 Hours Riding
per Week 6.71 6.341 1 0.206 ** 0.058 −0.097 ** −0.033 0.107 ** −0.199 ** −0.024 −0.040 −0.090 ** 0.286 ** 0.228 **

3 Own Risky
Behaviours 1.26 0.734 1 0.038 −0.170 ** −0.115 ** 0.049 −0.247 ** 0.033 0.018 0.044 0.341 ** 0.306 **

4
Signalizing and
Infrastructure

Problems
3.44 0.801 1 0.203 ** −0.169 ** −0.028 0.053 0.102 ** 0.115 ** 0.026 0.035 0.040

5
Traffic Density and

Complexity of
Urban Roads

3.38 0.913 1 0.042 −0.050 0.155 ** 0.026 0.093 ** 0.087 ** −0.012 −0.023

6 Respect for Priority
at Intersections 1.29 1.172 1 0.182 ** 0.047 −0.086 ** −0.069 * 0.053 −0.066 * −0.087 **

7

Overcrowding of
Bicycle Use in
City/Town of

Residence

2.27 1.249 1 0.008 0.021 −0.022 −0.004 0.133 ** 0.128 **

8 Avoidance (Weather
Conditions) 2.75 1.136 1 0.000 0.047 0.103 ** −0.211 ** −0.170 **

Categorical Variables (0/1) Frequency Percent

9
Problematic

Interactions with
other Road Users

890 83.6% 1 0.471 ** 0.135 ** 0.007 0.054

10
Problematic

Interactions with
Obstacles in the Road

893 84.0% 1 0.130 ** −0.017 −0.018

11
Environmental

Overstimulation
(Billboards)

695 34.7% 1 −0.053 −0.046

Self-reported road crashes Mean/Frequency SD/Percent

12 Self-reported road
crashes (5 Years) 0.65 0.983 1 0.794 **

13 Self-reported road
crashes (Yes/No) 425 39.9% 1

** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed).
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3.3. Logistic Regression (Logit)

The significant model, conducted through a stepwise regression (forward) technique, was fitted
using variables contained in Table 2 showing its Beta coefficients, significance level and Confidence
Intervals (CI) at 95%. The final model (contained at the fifth step) had an overall accuracy percentage
of 66.7%, explained 19.5% of the variance between subjects (with a Nagelkerke’s R-square coefficient
of R2 = 0.195) and showed a −2 Log likelihood coefficient of 1282.77 after 3 iterations, with a level of
significance of p < 0.001.

Some of the variables contained in the model decreases the Odds Ratio (OR) of belonging to
Group 1 (i.e., to have suffered at least one self-reported road crash in the last five years during bicycle
riding). These variables are: the age of cyclists, where an increase in one year of age decreases the OR
by 1.3% [Exp(B) = 0.978, CIExp(B) = 0.975, 0.999], the respect for the priority of cyclists at intersections,
for each additional year of age decreases the OR by 12.9% [Exp(B) = 0.879, CIExp(B) = 0.778, 0.993] and
the avoidance of riding under adverse weather conditions, for every additional year of age explains a
subsequent decreasing of OR by 19.4% [Exp(B) = 0.823, CIExp(B) = 0.727, 0.933].

Table 2. Logistic Regression (Logit) Model. Dependent variable: Self-reported road crash suffered
along the last 5 years (Dichotomous, with 1 = probability of success).

Step Variable B S.E. Wald df Sig. Exp(B)
95% C.I. for Exp(B)

Lower Upper

Step 1 a

Age of Users −0.018 0.006 8.927 1 0.003 0.982 0.971 0.994
Hours Riding per Week 0.061 0.013 23.905 1 0.000 1.063 1.037 1.090
Own Risky Behaviours 0.733 0.105 48.366 1 0.000 2.082 1.693 2.560

Constant −1.165 0.277 17.762 1 0.000 0.312

Step 2 b

Age of Users −0.014 0.006 5.544 1 0.019 0.986 0.974 0.998
Hours Riding per Week 0.059 0.013 21.898 1 0.000 1.061 1.035 1.087
Own Risky Behaviours 0.743 0.106 49.064 1 0.000 2.102 1.707 2.588

Overcrowding of Bicycle Use
in City/Town of Residence 0.175 0.058 9.082 1 0.003 1.191 1.063 1.334

Constant −1.678 0.327 26.299 1 0.000 0.187

Step 3 c

Age of Users −0.013 0.006 4.646 1 0.031 0.987 0.975 0.999
Hours Riding per Week 0.054 0.013 18.375 1 0.000 1.056 1.030 1.082
Own Risky Behaviours 0.695 0.107 41.905 1 0.000 2.003 1.623 2.472

Overcrowding of Bicycle Use
in City/Town of Residence 0.185 0.058 10.050 1 0.002 1.203 1.073 1.349

Avoidance −0.180 0.063 8.148 1 0.004 0.835 0.738 0.945
Constant −1.157 0.373 9.628 1 0.002 0.314

Step 4 d

Age of Users −0.012 0.006 3.734 1 0.053 0.988 0.976 1.000
Hours Riding per Week 0.054 0.013 18.102 1 0.000 1.055 1.029 1.081
Own Risky Behaviours 0.683 0.108 40.222 1 0.000 1.981 1.603 2.446

Respect for Priority
at Intersections −0.126 0.062 4.138 1 0.042 0.882 0.781 0.995

Overcrowding of Bicycle Use
in City/Town of Residence 0.209 0.060 12.203 1 0.000 1.232 1.096 1.385

Avoidance −0.183 0.063 8.323 1 0.004 0.833 0.736 0.943
Constant −1.071 0.376 8.123 1 0.004 0.343

Step 5 e

Age of Users −0.013 0.006 4.666 1 0.031 0.987 0.975 0.999
Hours Riding per Week 0.055 0.013 18.791 1 0.000 1.056 1.031 1.083
Own Risky Behaviours 0.713 0.109 42.536 1 0.000 2.041 1.647 2.529

Traffic Density and
Complexity of Urban Roads 0.162 0.079 4.182 1 0.041 1.176 1.007 1.375

Respect for Priority
at Intersections −0.129 0.062 4.314 1 0.038 0.879 0.778 0.993

Overcrowding of Bicycle Use
in City/Town of Residence 0.211 0.060 12.427 1 0.000 1.235 1.098 1.389

Avoidance −0.194 0.064 9.289 1 0.002 0.823 0.727 0.933
Constant −1.589 0.456 12.162 1 0.000 0.204

a Variable (s) entered on step 1: Own Risky Behaviours; b Variable (s) entered on step 2: Overcrowding of Bicycle
Use in City/Town of Residence; c Variable (s) entered on step 3: Avoidance; d Variable (s) entered on step 4: Respect
for Priority at Intersections; e Variable (s) entered on step 5: Traffic Density and Complexity of Urban Roads.

On the other hand, there is a set of included variables increasing the OR: the number of weekly
riding hours, whereby each additional hour increased the OR by 5.5% [Exp(B) = 1.056, CIExp(B) = 1.031,
1.083], the overcrowding of cycling in city/town of residence, signifying an increase in the OR of 21.1%
[Exp(B) = 1.235, CIExp(B) = 1.098, 1.389], the level of traffic density and complexity which increased the
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OR by 16.2% [Exp(B) = 1.176, CIExp(B) = 1.007, 1.375] and finally, the self-reported risky behaviours
when cycling, increasing the OR by 71.3% [Exp(B) = 2.041, CIExp(B) = 1.647, 2.529]. Figure 1 represents
the observed groups and probabilistic predictions based on the variables contained in the model.
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4. Discussion and Conclusions

The results of this study support the existence of a relationship between infrastructure
characteristics, human factors and negative road safety outcomes reported by the international sample
of cyclists participating in this research.

Regarding our first objective, it is worth mentioning that the observed directionality of associations
between human factors and infrastructure variables, resulted consistently with other studies previously
performed with samples of cyclists [4,32] and diverse groups of road users, especially drivers with
high exposure to diverse road risks [33,34]. Specifically, it is worth remarking on the associations
reported between age of cyclists and road crash rates in the last 5 years which were in accordance
with other empirical sources [35,36], i.e., cyclists with less age tend to accumulate higher crash
rates (regardless of severity) when riding compared with those with a higher age/riding experience.
Furthermore, age was also correlated with risk-related perceptions (linked to infrastructural and
interactional factors) and risky behaviours on the road. This finding further supports that not only
young drivers are at elevated risk [37–39] but also young cyclists tend to present a higher crash
risk when riding [40,41]. In addition, intentions, attitudes and perceptions of users have also been
correlated to the age, experience and other human factors of cyclists and may play a crucial role for the
design of cyclist-related policies [42]. Finally, behavioural factors such as avoidance and problematic
interaction with environmental elements of the road correlated with cyclists’ age and hours spent
cycling per week.

As for our second objective, this study identified the impact of human and infrastructure-related
factors on self-reported road crashes suffered by cyclists, i.e., those reporting road crashes when cycling
during the previous five years. In this regard, demographic factors of cyclists were shown to have a
substantial influence on safety records, the perceived complexity of urban roads for cycling, traffic
density, the respect given for the priority of certain road users and the overcrowding of cycling in
their city/town of residence. All significant variables related to infrastructure were shown to have
an increasing effect on cyclists’ self-reported involvement in a road crash while riding. Accordingly,
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the existing literature has shown how transportation infrastructure plays a key role on road safety [43].
For instance, Reynolds et al. [44] stated that improvements in transportation infrastructure may
enhance the prevention of crashes and injuries and a successive promotion of a safety culture, inclusive
for all road users. More research and system-wide efforts are necessary to address the urban policy
failures in safely integrating cyclists in the transport system.

Human factors, personal characteristics and risky riding behaviours, significantly predicted
self-reported road crashes. Whilst age and exposure to cycling are sufficiently documented as variables
linked to cyclists’ crash risk [6,15,19], much is unknown regarding the nature of cyclists’ risk-taking
behaviour. In this sense, investigations targeting the full spectrum of cyclists’ risky behaviours and
predictors of cyclists’ risky behaviours are likely to support the development of countermeasures
(i.e., public policy and road design) [45].

It is important to remember that cyclists’ safety is a complex issue. Previous studies have
reported that integration of cyclists into the transport system has been complicated by poor
infrastructure, insufficient legal protections and enforcement, lack of evidence-based road safety
education, low empathy from other road users and a lack of perceived risk by cyclists [29,46].
In addition, scholarly literature has described the dominance of motor transport [47], often as an
urgent policy issue as the main barrier to create a safe space for cyclists. Unfortunately, the lack of
action to safely integrate cyclists into the transport system prevents society from earning the long-term
benefits of cycling to the environment, public health and sustainability.

One of the main lessons from this study is that cyclists’ safety must be approached as a complex
problem that requires a multi-faceted systems approach. This means that multiple actors at different
levels of the transport system should cooperate and coordinate its effort [48]. As mentioned by [49],
a systems-based approach to safety should consider equipment and surroundings (such as the bicycle
and infrastructure), actor activities (including behaviour of other road users), operational management
(such as riding training), local government (including parents of young riders), regulatory bodies
(such as police) and government policy (such as infrastructure standards), in the development
of countermeasures.

5. Limitations of the Study

Although sample size was considerably large and statistical parameters were overall accurately
and positively tested, some potential biasing sources and facts related to the data collection and
analysis should be mentioned. First, being an international study, the specific conditions governing
traffic dynamics of cyclists belonging to different countries may substantially vary [50,51], considering
relevant factors such as the aforementioned status of road safety education [46], absence of legislation
and normative regulations for cyclists [52], the use of helmets and reflecting accessories [18],
infrastructure-related issues [44]. Furthermore, this research only uses self-reported risky cyclists’
behaviour while, in reality, they could also engage in protective behaviours such as self-regulation.

This research used self-reported road crash data but not police or hospital crash data [53].
Although these self-reports might suffer from inaccuracies, it is important to remember that crash
and injury data do not necessarily register all the information necessary to explore the complexity of
cyclists’ safety. Self-reported data are a cost-effective road safety tool typically used when archived
data is not accessible [54]. In this sense and depending on the attributed complexity of each study,
cyclists’ road risk estimation methods may require the implementation of different research methods
in future research.

Finally, it is worth addressing the high rate of underreported road crashes, not only in institutional
records but also for the case of self-reporting-based studies. Regarding the first, a substantial part
of registered traffic crashes involving cyclists, especially those not implying major material losses or
injuries, may not be reported [55]. As for the later, a potentially large part of their road crashes suffered
may be not reported by cyclists [56], highlighting the lack of a standardized and/or well-known
definition of the concept among participants.
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6. Practical Applications

This study, based on self-reported cyclist data, provides a useful conceptualization of the impact of
human and infrastructural issues that may influence the road safety outcomes of cyclists. In this sense,
policy makers and practitioners could consider the reported data as a useful empirical framework
for the building of applied interventions aimed at addressing risk factors explaining road crashes.
Also, the authors consider that this work represents a useful experience for the statistical approach to
the public health problem of traffic injuries among cyclists, suggesting new questions about how to
strengthen a sustainable and responsible promotion of alternative transport modes.
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Resumen 

Introducción: Sin duda, los accidentes de tráfico constituyen una preocupación como problema 
de salud pública, cuyo impacto e importancia han ido creciendo durante las últimas décadas. 
Específicamente, los datos que tenemos sobre seguridad vial han mostrado de forma sistemática 
como los ciclistas son un colectivo altamente vulnerable a sufrir accidentes viales, y las lesiones 
consecuentes que estos implican. Además, aunque las evidencias empíricas siguen siendo muy 
limitadas en este campo, las distracciones de los ciclistas, sumándose a otros factores humanos 
involucrados en los siniestros viales, parecen contribuir de manara considerable al riesgo vial de 
los ciclistas.  
Objetivos: Los objetivos principales de este estudio eran, en primer lugar, analizar la prevalencia 
y las tendencias de las distracciones de los ciclistas en una muestra internacional de usuarios, y, 
en segundo lugar, determinar la influencia de dichas distracciones en los accidentes viales sufridos 
por los ciclistas, considerando al mismo tiempo el rol explicativo de las conductas viales (errores 
e infracciones), como variables que podían potencialmente mediar entre las distracciones de los 
ciclistas y los accidentes de tráfico.  
Métodos: Para este estudio trasversal, se analizaron los datos de 1.064 ciclistas (61.2% hombres 
y 38.8% mujeres), provenientes de 20 países diferentes, que completaron un cuestionario online 
sobre conductas, hábitos, características y accidentes relacionados con el ciclismo.  
Resultados: La prevalencia de las diferentes distracciones de los ciclistas oscila entre el 34.7% y 
el 83.6%. Las más comunes son aquellas que están relacionadas con el comportamiento de otros 
usuarios de las vías, con los elementos físicos de la carretera, con las condiciones meteorológicas 
y las llamadas telefónicas. También se encontraron tendencias y diferencias según la edad, 
pudiéndose establecer de esta forma una asociación positiva entre edad y distracción de los 
ciclistas.  
Conclusión: Los resultados de este estudio sustentan la hipótesis de que las distracciones tienen 
una gran prevalencia entre los ciclistas, y que juegan un rol significativo en la predicción de sus 
tasas de accidentes, a través de la mediación de las conductas de riesgo. 
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ABSTRACT
Background. Undisputedly, traffic crashes constitute a public health concern whose
impact and importance have been increasing during the past few decades. Specifically,
road safety data have systematically shownhowcyclists are highly vulnerable to suffering
traffic crashes and severe injuries derived from them. Furthermore, although the
empirical evidence is still very limited in this regard, in addition to other human factors
involved in cycling crashes, distractions while cycling appear to be a major contributor
to the road risk of cyclists.
Objectives. The main objectives of this study were, first, to explore the prevalence and
trends of cycling distractions within an international sample of bike users, and second,
to determine the influence of such distractions on road crashes suffered by cyclists,
simultaneously considering the explanatory role of risky behaviors (errors and traffic
violations) as potentially mediating variables between cycling distractions and traffic
crashes.
Methods. For this cross-sectional study, we analyzed the data obtained from 1,064
cyclists—61.2% male and 38.8% female—from 20 different countries, who answered
an on-line questionnaire on cycling-related features, habits, behaviors and accidents.
Results. The prevalence of different cycling distractions oscillated between 34.7% and
83.6%. The most common distractions were those related to the behavior of other
users, physical elements of the road, weather conditions and phone calls. Age trends
and differences were also found, thus establishing a positive association between age
and distractibility during cycling. Furthermore, the effect of distractions on traffic
crashes of cyclists was significant when tested together with age, risk perception and
risky behaviors on the road.
Conclusion. The results of this study support the hypotheses that distractions have a
major prevalence among bike users, and that they play a significant role in the prediction
of the traffic crash rates of cyclists, through the mediation of risky behaviors.

Subjects Global Health, Psychiatry and Psychology, Public Health
Keywords Cycling, Bicyclists, Traffic injuries, Distractions, Risky behaviors, Traffic crashes,
Public health
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INTRODUCTION
Considering the wide importance of mobility and transportation as essential parts of the
daily life of individuals, road safety constitutes a substantial element in the community’s
welfare. At the same time, traffic crashes (bearing in mind their real consequences
and features) represent a serious public health concern (WHO, 2004; WHO, 2015;
Gopalakrishnan, 2012). For instance, more than 1.2 million people worldwide pass away
every year as a consequence of traffic crashes, making road traffic injuries a major cause
of death on a global scale (WHO, 2015; Bonilla-Escobar & Gutiérrez, 2014). In this regard,
transportation dynamics are involved in a constant change and, nowadays, different
alternative means of transportation are making us reconsider the role of road safety as
a mere vehicle/infrastructure-related issue, increasing our awareness about the causes
of accidents and their related intervention with the aim of preventing negative safety
outcomes for road users, with basis on the study of human factors (Montoro et al., 2000;
Cooper et al., 2009; Porter, 2011). Nevertheless, most of the available research on traffic
safety has been based on motorized vehicles and their users only, without considering the
many factors affecting the road safety and the health of those users who choose emerging
sustainable means of transport such as bicycles, i.e., cyclists, whose health benefits have also
been compared to their road safety-related risks, keeping in mind factors such as their high
vulnerability to suffering severe injuries in case of accident (Hartog et al., 2010; Stipdonk
& Reurings, 2012), and the generalized lack of coverage and effectiveness of road safety
education strategies aimed at both cyclists and pedestrians (Elvik & Vaa, 2009; Twisk et al.,
2014; Alonso et al., 2016).

To sum up, traffic crashes involving cyclists, especially during the past few years,
have become a growing concern for public health agencies and road safety practitioners
(Tin Tin, Woodward & Ameratunga, 2010; Boufous et al., 2011). To say it rather literally,
the health and safety of cyclists lies in the balance of road dynamics currently present in
most countries (Forjuoh, 2003; Buehler & Pucher, 2017). Also, considering the complexity
of the cycling task, and the often-problematic interactions of bicycles with heavier vehicles
(Haileyesus, Annest & Dellinger, 2007), other road users (Chaurand & Delhomme, 2013),
and infrastructural conditions (Buehler & Pucher, 2017; Useche et al., 2018a), one of the
factors essential to the cyclists’ welfare would be to keep their attention focused, during
their journeys, on the sometimes-unpredictable risks, precautions and safety behaviors
that bicycling demands. In other words, cyclists need not to get distracted while riding.

Overall, road distraction—in short, a deviation of attention, which shifts from tasks
critical to safe driving, riding or walking, to another marginal activity—is an increasing and
deadly threat to road safety (Stavrinos et al., 2013; Stimpson, Wilson & Muelleman, 2013),
which has been mainly studied in motorized-vehicle drivers; but, bearing in mind the
widely proven impairment that distractions cause to the behavioral performance (Cooper
et al., 2009; Craik, 2014), they should be studied in the case of every type of road user
(Macy et al., 2014; Overton et al., 2015). Considering the habitual overstimulation implied
by the road environment—especially for what concerns the urban context—distractions
not only constitute an everlastingly latent factor for road users, but they also have a proven
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association with the probability of being involved in a traffic crash (Oviedo-Trespalacios et
al., 2017). Moreover, and bearing in mind the high physical vulnerability of cyclists during
traffic crashes, distraction substantially increases the odds of suffering severe injuries or
even death.

Considering statistics, cyclists represent around 7.8%–10% of all registered deaths
on the road (Montoro et al., 2014; Puchades et al., 2017). In a study on North American
cyclists, Wolfe et al. (2016) found that cycling distractions are more prevalent during
certain hours of the day, especially around midday (40% of cyclists reporting distractions)
and during morning hours (07:30 AM and 10:30 AM, with frequencies of 32.2% and
29.3%, respectively). Around 75% of fatal or serious crashes involving cyclists take place
in urban areas, and approximately 10% of dead or injured cyclists are children (RoSPA,
2017). Regarding accidents in which cyclists were found to have primary responsibility,
in a recent study the NZTA (2017) found that 21% of them were clearly distracted just
prior to suffering the traffic crash. Moreover, in the case of Spain, the analysis of the
cyclists’ crash reports (provided by traffic agents during their investigation on accidents)
from the period 2008–2013 showed that up to 89.3% of the 25,439 traffic crashes suffered
by cyclists involved cycling distractions as one of their concurrent causes, while other
potential factors such as inexperience (8.2%), alcohol or drug consumption (5.1%), fatigue
or sickness (0.1%), or inadequate speed (0.1%) had a minor impact in the causation of
accidents (Montoro et al., 2014). Furthermore, during the last 10 years, according to what is
registered in the official records (2007–2016), out of the total of 48,230 cyclists involved in
traffic crashes in Spain, 1.36% (656) were fatal victims and, regarding non-fatal causalities,
11.87% (5,725) were injured but not hospitalized, and an alarming percentage of 86.77%
(41,849) was hospitalized due to the severity of their injuries (DGT, 2017).

In addition to cycling distractions, and despite the fact that the statistics substantially
vary from one country/study to another, there are many factors that, regardless of being
associated or not with the active attention of cyclists, also have a major incidence on
traffic crashes involving cyclists: overall, human errors are the main contributory factor of
cyclist-involving crashes; about 71%of them are preceded by the error of one of the involved
parties (RoSPA, 2017), and distractions have shown, in experimental tests, to cause about
17% of driving errors (McEvoy, Stevenson & Woodward, 2006). Other complementary and
relevant factors to consider in order to explain traffic crashes involving cyclists are: the
often problematic interaction with motor vehicles—strengthened by the lack of bike lanes
and infrastructural developments for what concerns cyclists’ safety (Haileyesus, Annest
& Dellinger, 2007; Bíl et al., 2016; Useche et al., 2018a), and deliberate risky behaviors
(typically labeled as traffic violations), among which we can list inadequate speeding
(Boufous et al., 2011; Helak et al., 2017), non-compliance with traffic signals (Prati et al.,
2017; Vandenbulcke et al., 2009) and alcohol/drug use (Helak et al., 2017; Prati et al., 2017;
Cripton et al., 2015). Another factor which is worth mentioning is that some of the many
cyclist causalities (even those involving injuries) are usually under-reported, thus biasing
the official statistics on the issue (RoSPA, 2017). Also, it is important to highlight that,
although it has been proved that risk factors play a relevant role in the explanation of
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cyclists’ crashes, the involvement of cyclists in traffic crashes does not necessarily imply
their subsequent culpability.

Different types of distractions, one single problem
Distractions on the road may have different origins, dynamics and consequences (Neyens
& Boyle, 2007; Neyens & Boyle, 2008). However, most of them have been related to the
same result: traffic crashes potentially cause preventable injuries among the involved
road users (Kahn et al., 2015; Llerena et al., 2015). In the first place, cycling while being
distracted by technology, especially for what concerns the use of cellphones, headphones
and navigators, constitutes a relevant factor whose impact on the road safety of cyclists has
been demonstrated by empirical studies such as the one performed by Ethan et al. (2016),
and Wolfe et al. (2016), showing that headphones and visual/tactile devices could be the
most prevalent distractors related to bicycle using. Nevertheless, there are many potential
distracting sources other than technological devices, which may potentially influence
the adverse outcomes of road safety (Stimpson, Wilson & Muelleman, 2013). Decker et al.
(2015) highlighted that external distractions, such as billboards on the roadsides and
elements inherently designed to attract the attention of drivers (Dukic et al., 2013) affect
between 6% to 9% of collisions among motor vehicles caused by road users’ distractions.
Other relevant external sources of distraction are related to the behavior of other road
users, that, as in the case of distracted pedestrians or drivers, may influence the attention of
cyclists during the riding task, causing potential impairments in their cycling performance
and thus explaining many operational errors, subsequently deriving in potential traffic
crashes. Finally, weather conditions and road features may play a significant role in catching
the attention of road users; in fact, some environmental conditions modulated by weather,
such as darkness and low visibility, are associated with a higher degree of perceptual errors
such as distraction and lack of attention (Jägerbrand & Sjöbergh, 2016;Oikawa et al., 2016),
and many infrastructural factors, such as the presence of obstacles in the way, may imply a
substantial decrease in the cycling performance and higher probabilities of being involved
in a traffic crash (Useche et al., 2018a).

Also, it is known that, although cyclists are highly prone to experience distractions
on the road, there are some mitigating factors that differentiate them from motor vehicle
drivers: bicycles are usually exempt from some typical distractors present in heavier vehicles
(e.g., audio systems, integrated navigators and other on-board units), and the absence of
noise-isolation makes cyclists more prone to detect sonorous stimuli potentially present
in the road environment. Furthermore, the average low speed at which cyclists circulate,
often related to the high density of traffic in urban areas, constitutes a factor which reduces
the objective risk of crash and injury. Also, the growing availability of cycling lanes in
various countries constitutes a relevant mitigating factor which not only prevents cyclists
from suffering cycling crashes, but also reduces their severity (Kaplan, Vavatsoulas & Prato,
2014; Harris et al., 2013).

For what concerns the existing empirical studies on road distractions, most of them
agree on the fact that distraction may explain a large part of traffic crashes suffered by
road users, and their results have been useful for the improvement of policy and decision
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making regarding traffic accidents and their associated positive outcomes for traffic safety.
For instance, following the results obtained byDukic et al. (2013)when testing the potential
impairment caused by billboards in the drivers’ attention, the Swedish authorities decided
to remove a large set of electronic billboards under testing phase, considering their proven
distracting effect on drivers, and the subsequent hazardous outcomes for their safety. Also,
in Spain, billboards on the sides of inter-urban roads were prohibited in 1998 as a way of
reducing the negative effects of road distractions on the performance of drivers. Also, Stutts
et al. (2003) raised the urgent need for a better management of all forms of distraction, in
order to ensure the road safety of users. Furthermore, road safety education of cyclists and
drivers, together with a successful integration of cycling into normal traffic patterns, might
help decrease the morbidity and mortality on the road (Kiburz et al., 1986). To sum up,
these have been our main practical motivations for developing the present study, focusing
on the specific case of bicycle users.

Objectives of the study
The main purposes of this study were: first, to explore the prevalence and trends of cycling
distractions in an international sample of bike users, and second, to determine their
influence on road crashes involving cyclists, simultaneously considering the explanatory
role of risky behaviors (errors and traffic violations) as potentially mediating variables
between cycling distractions and traffic crashes.

MATERIALS & METHODS
Sample
The data was obtained from a full sample of 1,064 bike users from 20 different Latin
American countries (831 participants, representing 78.1% of the sample; 38.6% females
and 61.4% males), Europe (161 participants, representing 15.15% of the sample; 41%
female cyclists and 59% males), and North America (72 participants, representing 6.75%
of the sample; 37.5% females and 61.1% males), 413 (38.8%) females, and 651 (61.2%)
males. A graphic contextualization of the geographical coverage of the project can be seen
in the Fig. 1.

Regarding the educational level of participants, approximately half of the respondents
(50.1%) had an undergraduate degree, and 29.9% a post-graduate degree. A total of 9.1%
of them had received a technical training (more advanced than a high school diploma, but
lower than a university degree); 10.4% only had a high school diploma, and the remaining
0.5% had a maximum educational level of primary studies. They were aged between 17
and 80, with a mean value ofM = 32.83 (SD = 12.63) years.

Procedure
For this research, a convenience (non-probabilistic) sampling method was used, grounded
on the availability and accessibility to the study population, and on their willingness to
participate (or not) in the research. For this purpose, we designed an online (electronic)
form in order to collect the data, and this was individually sent through an e-mail invitation
to a wide sample of subjects contained in a pre-existent mailing list used for research
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Figure 1 Geographical distribution of the sample. The countries/regions of provenance of the cyclists
participating in this study. Differential colors indicate a greater (red) or lesser (blue) proportion of partic-
ipants by country.

Full-size DOI: 10.7717/peerj.5616/fig-1

purposes, composed of institutional members (staff, students and collaborators) and
individuals who had previously participated in other studies.

The data collection was performed by the staff of the INTRAS-University of Valencia.
During the presentation of the survey, potential participants accessing the online formwere
informed about the existing laws on data protection and about the fact that the collected
information would only be used for statistical and research purposes. They were also asked,
prior to the beginning of the electronic survey, to complete the questionnaire only if they
were frequent bicycle users (it was suggested, as a guideline, ‘‘if you ride a bike with certain
regularity, at least once per week, or once every few weeks’’).

It is worth mentioning that, although this data collection method implies several
advantages for the researchers, among which we find the increase of the efficiency,
approachability and expediency of the data collection, the fact that subjects participating in
this study belong to a pre-verified source, and that the questionnaire can be easily adapted
to the time availability of participants (Tyrer & Heyman, 2016), it yet remains vulnerable
to a reliability-related bias, given the impossibility to check, for instance, the veracity of
the basic data (i.e., demographics) provided by the respondent (for further information,
please see Limitations of the study).
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Description of the questionnaire
The questionnaire (Appendix I) was administrated in Spanish, and consisted of four
sections: The first part asked about individual and demographic variables, such as age,
gender, region of provenance, educational level and occupation.

As for the second part, self-reported risky cycling behaviors were assessed using the raw
item bank of the Cyclist Behavior Questionnaire (CBQ) (Useche et al., 2018c), a self-report
measure of road behaviors specifically designed for measuring high-risk riding behaviors
(errors and violations) performed by cyclists. This Likert scale is originally composed of
44 items distributed along three factors: Violations (V), consisting of 16 items; Errors (E),
composed of 16 items; and Positive Behaviors (PB), consisting of 12 items. A global score of
Risk Behaviorswas built through the sum of Errors and Violations reported by respondents.

The entire questionnaire used a frequency-based response scale of 5 levels: 0 = never; 1
= hardly ever; 2 = sometimes; 3 = frequently; 4 = almost always. Regarding the study’s
factors, the first two dimensions were grounded on the original factorial structure of
the Driving Behavior Questionnaire (DBQ) (Reason et al., 1990). Additionally, this scale
includes a supplementary factor (positive of protective behaviors) for measuring behaviors
that, unlike the first two dimensions,may help to prevent the occurrence of traffic accidents.
To measure the risk perception and the knowledge of traffic regulations among cyclists, the
Cyclist Risk Perception and Regulation Scale (RPRS) (Useche et al., 2018a) was used; it is a
Likert scale composed of 12 items (seven for risk perception and five for assessing general
rules of bike use), in which the degree of risk perceived in objective risk factors and the
knowledge of general road regulations are assessed in a scale from 0 (no knowledge/risk
perceived) to 4 (highest knowledge/risk perceived).

Thirdly, for assessing cycling distractions, an eight-item scale was build using
dichotomous questions (yes/no), aimed at presenting different potential distractors and
determining their self-reported presence and influence on the participants’ common
journeys.

The last part of the questionnaire consisted of a series of questions related to the use of
bikes, such as the average use of the bicycle (including average distances traveled and length
of trips) and reasons for using it as a mode of transportation. Finally, this section of the
questionnaire also included two questions about the traffic crashes suffered by participants,
as cyclists: first, if they had suffered (or not) cycling crashes during the previous five years—
regardless of their severity, but specifying that they were non-fatal crashes—and, second,
in case of an affirmative answer, the number of crashes suffered during this period while
cycling. In this sense, the variable traffic crash rate can be understood in this study as ‘‘the
total amount of traffic accidents or crashes suffered while cycling during the last 5 years’’.

Ethics
In order to carry out this study, the Social Science in Health Research Ethics Committee
of the University of Valencia was consulted. They certified that the research responded to
the general ethical principles, was currently relevant for research in Social Sciences, and
accorded with the Declaration of Helsinki, thus issuing a favorable opinion (IRB approval
number H1517828884105). Furthermore, an informed consent statement containing
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ethical principles and data treatment details was used for all participants, explaining the
objectives of the study, the average duration of the survey, the treatment of personal
data and the voluntary participation, and it was always provided to the participants
before they answered the questionnaire. Personal and/or confidential data were not used,
and participation was anonymous, implying no potential risks for the integrity of our
participants.

Statistical analysis
In addition to the descriptive analyses, conducted in order to obtain the frequencies
of distractions experienced by cyclists, and to the average scores for the used scales, a
correlation analysis was performed to establish potential relationships among the variables
of the study. After testing basic parameters and comparability criteria, a one-way ANOVA
andWelch’smean difference tests were used for comparing the average scores of distractions
between gender and age groups. Furthermore, the association between distractions, age
and risk perception, traffic crashes suffered while cycling during the previous five years, and
the potential mediation of this relationship with cycling errors and normative violations,
were tested using structural equation modeling (SEM). Weighted Least Square Mean and
Variance Corrected (WLSMV) estimation was used, given that some data were ordinal
and that the assumption of multivariate normality was not met (Caycho-Rodríguez et al.,
2018; Finney & DiStefano, 2013). The model fit was evaluated through several statistics and
indices from different logics and families. In this particular case, all available types of indices
for the method of estimation were used: the chi-square, CFI, and RMSEA. Fit was decided
based on the cut-off criteria expanded in the literature. A CFI above .90 (better if above .95)
and RMSEA below .08 (Marsh, Hau &Wen, 2004) were indicative of an adequate model
fit. Significance of parameters was established at p < .05. SEM were estimated in Mplus 8.0
(Muthén & Muthén, 2007–2018).

RESULTS
First of all, it is important to summarize some of our key findings on cycling habits and
patterns and on the cyclists’ crash history found in the study sample. Regarding their
journeys as cyclists, participants used their bicycles for a mean time of M = 6.71 (SD =
6.34) hours a week, being this the indicator of hourly intensity used in this study. The
mean duration of their bicycle journeys was M = 47.5 (SD = 42.6) minutes. Finally, and
regardless of the severity, 39.9% of them had suffered at least one traffic crash while cycling
during the past 5 years, while 60.1% had not registered any cycling crash.

Frequency analyses
Table 1 summarizes the first block of descriptive statistics (i.e., frequency analyses), in order
to determine the prevalence of distracting sources in our sample of 1,064 participants.
Overall, all the distractors had a relevant influence over cyclists, in a rage between 34.7%
and 83.6%. Specifically, and based on the list contained in the table, the most frequently
reported distracting sources which affected cyclists were the behaviors of other road users
(83.6%), the presence of obstacles on the way (83.5%), and the current weather conditions
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Table 1 Descriptive data on cycling distractions. (A) shows the prevalence (frequencies and percent-
ages) of different distractors on the road potentially affecting cyclists. (B) presents the number of reported
distractions. Overall, the most prevalent rate by participant was to experience between four and five dis-
tractions while cycling (42.2% of the study sample) out of the eight presented in the instrument.

(A) Descriptive data on cycling distractions.
Distracting source Yes No

Frequency Percent Frequency Percent

01. Text messages or chats 494 46.4% 570 53.6%
02. Phone calls 691 64.9% 373 35.1%
03. Billboards 369 34.7% 695 65.3%
04. People that I find attractive 505 47.5% 559 52.5%
05. My own thoughts or concerns 586 55.1% 478 44.9%
06. Weather conditions 729 68.5% 335 31.5%
07. The behavior of other users of the road 890 83.6% 174 16.4%
08. The obstacles in the way 889 83.5% 175 16.5%

(B) Proportion of participants according to their rate of cycling distractions.
Amount of distractions
reported (scale 0–8)

Frequency Percent

0 15 1.4%
1 23 2.2%
2 61 5.7%
3 130 12.2%
4 225 21.1%
5 225 21.1%
6 190 17.9%
7 106 10%
8 89 8,4%

(68.5%). On the other hand, the least reported distracting sources were: billboards (visual
elements) with 34.7%, people that found them attractive (47.5%), and text messages or
chats. It is worth mentioning that, although they are part of the same potentially distracting
element (i.e., the cellphone), telephone calls (64.9%) represent a more reported distractor
than text messages (46.4%).

As for the number of distracting sources reported by each participant, Table 1B shows
that 60.1% (six of each 10) of cyclists commonly experience between four and six of the
measured distracting factors during their cycling trips. Also, it shows that only 1.4% of
them think they are not affected by any of these eight distracting sources.

Distractions, gender and age groups
For what concerns the second block of descriptive analysis, a continuous variable was built
(i.e., distractions while riding); it summarized, based on the previous list, the number of
distracting sources which commonly affected participants. In this regard, both cyclists who
consider that they do not experience any of the distractions when using the bicycle and
cyclists that report being affected by all of them were found.
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Table 2 Distraction mean scores according to age interval. The mean values on cycling distractions
(sum), according to the age group of cyclists, distributed in 10-year intervals.

Age interval N Mean Std. Dev. Std. Error 95% CI Min Max

Lower Upper

<26 390 4.677 1.59 0.080 4.52 4.83 0 8
26–35 318 4.701 1.74 0.098 4.51 4.89 0 8
36–45 160 4.869 2.07 0.164 4.55 5.19 0 8
46–55 119 5.092 1.98 0.181 4.73 5.45 0 8
>55 76 5.842 1.79 0.205 5.43 6.25 2 8
Total 1,063 4.843 1.80 0.055 4.73 4.95 0 8

Notes.
ANOVA (between groups): F(4.1058)= 7.998; p< 0.001.

Overall, the mean value obtained for the variable wasM = 4.84 (SD= 1.79) distractions
experienced by users, in a scale between 0 (minimum) and 8 (maximum). As for gender
comparisons, the results showed that men are the users who get more distracted (M = 4.91;
SD = 1.86), compared to women (M = 4.73; SD = 1.67), although the mean difference
(ANOVA: F(1,1062) = 2.333; p = 0.127; Welch: F(1,944.907) = 2.447; p = 0.118) is not
statistically significant at level p <0.05, and for that reason this data should be interpreted
only as an observed trend.

Furthermore, age comparisons were performed in order to determine the hypothesized
differences in distractions among different age groups. For this reason, five different age
intervals were created for conducting the comparative analysis, as summarized in Table 2.
In this regard, the highest mean value of cycling distractions was reported by bike users
belonging to the interval between 46–55 years of age (M = 5.09; SD= 1.98), and the lowest
one was found in the case of cyclists under 26.

Statistical analyses allowed us to find out that age is one variable differentiating
distraction rates among bike users (F(4,1058) = 7.998; p< 0.001), and we also observed
a growing tendency in the scores they reported among the different age groups, as shown
in Fig. 2.

Correlation Analysis
The bivariate (Pearson) correlation analysis (see Table 3) for σ coefficients and significance
levels permitted the identification of significant associations among cycling distractions,
other individual factors, and traffic crash rates of the participants. Specifically, distractions
were significantly related to cycling intensity (i.e., the average hours riding per week) [−],
age [+], cycling errors [+], protective behaviors [−], and psychological distress of cyclists
[+]. On the other hand, traffic crashes suffered during the last five years were significantly
correlated to age [−], cycling intensity [+], cycling errors [+], traffic violations [+], level
of knowledge of traffic rules [−], and psychological distress of users [+].

A specific correlation analysis based on the region of provenance of participants allowed
us to confirm the high similarity in the directions of the association measures (Pearson’
coefficients) between study variables, when considering three subsamples (i.e., Latin
America, Europe and North America). It is interesting to note how traffic crash rates of
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Table 3 Bivariate correlations between study variables. In (A), one can see the entire set of correlations between numerical variables of the study that arose from the
analysis of a full participant sample (1,064 individuals). For (B), measures of association have been divided according to cyclists’ region of provenance. Although direc-
tions and significance levels are mostly coincidental a few differences can be observed, especially the relationship between demographic factors such as age and cycling
habits. The association measure used (Pearson’s correlation coefficients) ranges between 0–1.

(A) Bivariate correlations between study variables (full sample)
Variable 1 2 3 4 5 6 7 8 9 10

σ 1 −.177** −.313** −.146** .173** .362** .244** −.247** .151** −.197**

Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0001 Age

N 1,063 1,006 1,063 1,063 1,063 1,063 1,063 1,024 1,063 1,063
σ −.177** 1 .293** 0.041 .116** 0.024 −.064* −0.028 −.078* .286**

Sig. (2-tailed) 0.000 0.000 0.195 0.000 0.451 0.041 0.392 0.014 0.0002
Hours riding
per week

N 1,006 1,007 1,007 1,007 1,007 1,007 1,007 969 1,007 1,007
σ −.313** .293** 1 .490** −.307** −.196** −.241** .140** 0.053 .361**

Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.081 0.0003 Violations
N 1,063 1,007 1,064 1,064 1,064 1,064 1,064 1,025 1,064 1,064
σ −.146** 0.041 .490** 1 −.311** −.290** −.167** .219** .211** .217**

Sig. (2-tailed) 0.000 0.195 0.000 0.000 0.000 0.000 0.000 0.000 0.0004 Errors
N 1,063 1,007 1,064 1,064 1,064 1,064 1,064 1,025 1,064 1,064
σ .173** .116** −.307** −.311** 1 .382** .326** −.226** −.064* −0.011
Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.038 0.715 Protective

behaviors
N 1,063 1,007 1,064 1,064 1,064 1,064 1,064 1,025 1,064 1,064
σ .362** 0.024 −.196** −.290** .382** 1 .350** −.299** −0.026 −.092**

Sig. (2-tailed) 0.000 0.451 0.000 0.000 0.000 0.000 0.000 0.39 0.0036 Knowledge of
traffic rules

N 1,063 1,007 1,064 1,064 1,064 1,064 1,064 1,025 1,064 1,064
σ .244** −.064* −.241** −.167** .326** .350** 1 −.158** 0.057 −0.049
Sig. (2-tailed) 0.000 0.041 0.000 0.000 0.000 0.000 0.000 0.064 0.1097 Risk perception

N 1,063 1,007 1,064 1,064 1,064 1,064 1,064 1,025 1,064 1,064
σ −.247** −0.028 .140** .219** −.226** −.299** −.158** 1 .086** .065*

Sig. (2-tailed) 0.000 0.392 0.000 0.000 0.000 0.000 0.000 0.006 0.0388 Psychological
distress

N 1,024 969 1,025 1,025 1,025 1,025 1,025 1,025 1,025 1,025
σ .151** −.078* 0.053 .211** −.064* −0.026 0.057 .086** 1 −0.025
Sig. (2-tailed) 0.000 0.014 0.081 0.000 0.038 0.39 0.064 0.006 0.4189

Distractions
while riding

N 1,063 1,007 1,064 1,064 1,064 1,064 1,064 1,025 1,064 1,064
σ −.197** .286** .361** .217** −0.011 −.092** −0.049 .065* −0.025 1
Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.71 0.003 0.109 0.038 0.41810

Traffic crashes
(last 5 years)

N 1,063 1,007 1,064 1,064 1,064 1,064 1,064 1,025 1,064 1,064

(continued on next page)
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Table 3 (continued)

(B) Bivariate correlations between study variables (sub-samples).
Region 1 2 3 4 5 6 7 8 9 10

Latin America −.166** −.248** −.114** .160** .282** .217** −.265** .113** −.143**

Europe −0.012 −.197* −0.09 .221** .279** 0.143 0.042 .198* −0.0571 Age

North America

1

−0.004 −.321** −0.093 .317** .291* .303** −0.229 .342** −0.113
Latin America −.166** .283** 0.033 .110** 0.059 −.073* −0.03 −.084* .286**

Europe −0.012 0.151 −0.033 0.124 0.014 −0.027 −0.163 −0.053 0.1372
Hours riding per
week

North America −0.004

1

0.179 0.028 0.224 0.067 0.109 −0.095 −0.014 0.168
Latin America −.248** .283** .467** −.309** −.115** −.204** .130** 0.059 .340**

Europe −.197* 0.151 .416** −.262** −.302** −0.117 0.035 0.042 .299**3 Violations
North America −.321** 0.179

1

.428** −.335** −.236* −.250* 0.116 −0.14 .516**

Latin America −.114** 0.033 .467** −.318** −.255** −.164** .215** .230** .216**

Europe −0.09 −0.033 .416** −.214** −.340** −0.035 .228** .207** .232**4 Errors
North America −0.093 0.028 .428**

1

−.431** −.415** −.296* 0.104 0.109 −0.025
Latin America .160** .110** −.309** −.318** .401** .315** −.240** −.093** −0.001
Europe .221** 0.124 −.262** −.214** .253** .347** −.226** 0.002 −0.0415

Protective
behaviors

North America .317** 0.224 −.335** −.431**
1

.479** .373** −0.01 0.05 −0.073
Latin America .282** 0.059 −.115** −.255** .401** .332** −.297** −0.046 −0.044
Europe .279** 0.014 −.302** −.340** .253** .227** −.225** −0.086 −0.1196

Knowledge of traf-
fic rules

North America .291* 0.067 −.236* −.415** .479**
1

.523** −0.114 0.109 −0.079
Latin America .217** −.073* −.204** −.164** .315** .332** −.151** 0.026 −0.026
Europe 0.143 −0.027 −0.117 −0.035 .347** .227** −0.083 0.115 −0.0847 Risk perception

North America .303** 0.109 −.250* −.296* .373** .523**
1

−0.174 0.173 0.001
Latin America −.265** −0.03 .130** .215** −.240** −.297** −.151** .084* 0.058
Europe 0.042 −0.163 0.035 .228** −.226** −.225** −0.083 0.103 −0.0618

Psychological
distress

North America −0.229 −0.095 0.116 0.104 −0.01 −0.114 −0.174

1

0.185 −0.011
Latin America .113** −.084* 0.059 .230** −.093** −0.046 0.026 .084* −0.017
Europe .198* −0.053 0.042 .207** 0.002 −0.086 0.115 0.103 0.0629

Distractions while
riding

North America .342** −0.014 −0.14 0.109 0.05 0.109 0.173 0.185

1

−0.173
Latin America −.143** .286** .340** .216** −0.001 −0.044 −0.026 0.058 −0.017
Europe −0.057 0.137 .299** .232** −0.041 −0.119 −0.084 −0.061 0.06210

Traffic crashes
(Last 5 Years)

North America −0.113 0.168 .516** −0.025 −0.073 −0.079 0.001 −0.011 −0.173

1

Notes.
n= 1,064.
Sub-samples: Latin America (n= 831), Europe (n= 161), North America (n= 72).

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).
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Figure 2 Mean of distractions while riding by age interval. (Comparatively) the average score on cycling
distractions of each age group or interval. Overall, this value seems to be increased according to the age of
cyclists.

Full-size DOI: 10.7717/peerj.5616/fig-2

Latin American participants show differential values of significance if compared to cyclists
from Europe and North America in the case of demographic (age) and cycling-related
factors (cycling intensity). Despite the initial disproportionality of sub-samples used for
this complementary analysis, most of the significance levels and magnitudes keep similar
values, as shown in Table 3B.

Structural equation modelling
With the aim of testing the hypothesis of the effect of cycling distractions, age and risk
perception in traffic crashes involving cyclists, and the potential mediating role of errors
and traffic violations within an explicative dynamic, a structural equationmodel (SEM) was
built according to the empirical directions reported in the introduction. Age, distractions
(built up through the sum of an eight-item scale, as shown in Fig. 3) and risk perception
were independent variables, violations and errors were mediators and the final outcome
was the traffic crash rates. This initial completely a priori model did not fit the data well:
χ2(55)= 746.46, p < .001; CFI = .810; RMSEA = .109, 90% CI [.102–.116]. Therefore,
several modifications were made. Firstly, two non-significant and very low paths from
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Figure 3 Structural equationmodel for predicting traffic crash rates. The directions and significances
of the variables contained in the path (SEM) analysis. Both cycling errors and violations mediate the pre-
dictive role of distractions on traffic crash rates.

Full-size DOI: 10.7717/peerj.5616/fig-3

distractions to traffic crash rates and to violations were set to zero. Secondly, a very large
modification index that pointed out a relevant relationship between the two first indicators
of distractions was included. With these three modifications, that made the model even
more parsimonious, the model fit resulted adequate: χ2(56)= 408.83, p < .001; CFI= .903;
RMSEA = .077, 90% CI [.070–.084]. All standardized parameter estimates are presented
in Fig. 3, in which the unidirectional arrows indicate the direction of the predictive
relationship, and bidirectional ones the correlational association between study variables.

In this regard, errors while riding (β = .094; p < . 05) and traffic violations (β = .308; p <
.05) have a direct positive effect on the rate of traffic crashes suffered by cyclists (dependent
variable). On the other hand, the explicative association of age (β =−.173; p< .05) occurs
in a negative direction, as observed in the unidirectional arrow linking age of cyclists
and cycling crashes suffered. In other words, the higher the age of cyclists, the less prone
to experience cycling accidents they are. As for risk perception (β = .065, p> .05), this
variable showed a statistically non-significant explanatory effect on traffic crashes reported
by cyclists, suggesting that it has not a direct influence on crashes.

Regarding the latter, and as for the hypothesized mediating role of errors and violations
in the relationships among distractions, age, risk perception (independent variables) and
traffic crashes (dependent variable), tested through this procedure, our results showed
that errors while riding have significant relationships with age (β =−.173; p < .05), risk
perception (β =−.157; p< .05), and distractions (β = .24; p < .05), as they are predictors
of the dependent variable, i.e., the number of accidents suffered in the last five years, but
essentially when they are linked to the commission of cycling errors.

As for the second mediating variable (traffic violations while cycling), this relationship
follows the predictivemodel when considering age, i.e., more violations explainmore traffic
crashes (β =−.242; p < .05), and risk perception (β =−.151; p < .05). When indirect
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(mediation) effects were calculated together with traffic crash rates, the indirect effect of
age was statistically significant in traffic crash rates (β =−.088; p< .05), as well as in risk
perception (β =−.061; p < .05), but not in distractions (β = .023; p > .05).

In other words, the observed relationships between study variables suggest that both
errors and violations need to be kept inmind when considering the causal chain, in order to
establish a predictive link between distractions and risk perception (independent variables),
and the number of crashes suffered by cyclists during the last five years: a younger age
and risk perception, and a higher score in cycling distractions predict more traffic crashes,
through the commission of both non-deliberate (errors) and deliberate (violations) risky
behaviors while riding.

DISCUSSION
Bearing in mind the first objective of the study, i.e., to explore the prevalence and trends
of cycling distractions in an international sample of bike users, we hypothesized that road
distractions affecting cyclists would present a high prevalence and a significant association
with factors such as age and cycling behaviors.

Overall, the results of this research support the existence of a relationship between
cycling distractions, individual variables, road behaviors and traffic crashes experienced
by bicycle users. In this regard, and although the accumulated evidence on this subject
(principally for what concerns the specific case of cyclists) is relatively limited, some
key theoretical facts may enhance the comprehension of these relationships in the light
of other empirical findings gathered in groups of cyclists from different countries. For
instance, Montoro et al. (2014) found that most of the road crashes involving cyclists and
causing, in many cases, considerable injuries and even death, were preceded by cycling
distractions. Also, Wolfe et al. (2016) determined that distractions may differentially affect
cyclists depending on the hour of the day, which is related to factors such as their motives
to ride and the cycling intensity. Finally, Mwakalonge, White & Siuhi (2014) found that
specific distractors, such as the use of electronic devices while cycling, constitute an unsafe
behavior that could possibly be regulated by traffic rules, in order to avoid its potential
incidence in risky road behaviors and crashes, whose odds are significantly increased by
road distractions (Goldenbeld et al., 2012). However, traffic policies aimed at cyclists are
notably scarce and remain a pending issue in most countries (Lang, 2007; Useche et al.,
2018a), when they should instead be developed in the light of the specific demands and
potentialities of every context, also considering the need of strengthening the development
of sustainable and alternative transport modes (and the control of their associated risks),
always framed within a responsible assessment of the impact of road safety strategies or
measures, and their permanent challenges for the improvement of safety for cyclists and
for all road users (Schepers et al., 2014; Schepers, 2013).

Summarizing the data, our first relevant point was the fact that, as for other groups
of road users, distractions affect most cyclists with different frequencies and at different
degrees. Thus, the answer to the question ‘‘how prevalent distracted cycling behaviors are? ’’
seems to be relative and dependent on the types of potential distractors. In this sense:
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- Distractions related to technological devices (i.e., cellphones, in the case of this study)
may be determined between 46.4% (text messages/chats) and 64.9% (phone calls).

- Distractions related to visual elements (billboards) were the least prevalent within our
study’s sample.

- People found attractive by cyclists—as a source of distraction—may imply a gender-
related difference. Indeed, the differential frequency analysis showed that the prevalence
among male cyclists was 62.1% (three out of five participants), and only 24.5% among
females (one out of four).

- Intra-personal factors, in this case one’s own thoughts and concerns, affected 55% of
the sample as a distractor.

- Weather conditions constituted a distractor for seven out of 10 cyclists.
- The (often problematic) behavior of other road users constituted the most prevalent
distractor affecting cyclists (83.6%).

- Finally, the presence of obstacles on the road constituted a source of distraction for
83.5% of cyclists.

Moreover, distractions on the road presented significant associations with individual and
psychosocial variables such as age, cycling intensity and psychological distress. Consistently
with this, and keeping in mind the first hypothesis of the study, we found that the age
of the subjects significantly differentiates the rates of distractions reported by road users,
as it has been observed in other researches on drivers (Neyens & Boyle, 2008; Llerena et
al., 2015), and cyclists (Goldenbeld et al., 2012). In this regard, our results showed that
older individuals were the ones presenting a higher rate of distractors affecting their
riding. Another age-related issue that is worth discussing is the fact that, although cycling
distractions increase with age, traffic crash rates maintained a negative association with the
age of cyclists. This phenomenon could be interpreted in the light of the results provided
by some empirical studies, which reported that younger cyclists tend to present more
risk-taking behaviors, and to have a higher risk of being involved in a traffic crash than
older users (Martínez-Ruiz et al., 2014; Goldenbeld et al., 2012; Wardlaw, 2002). In other
words, despite being less distracted while cycling, younger cyclists also tend to present
higher values of risky behaviors, which may contribute to explain their higher involvement
in traffic crashes compared to older cyclists. We will list some important trends found
through the correlational analysis of our study: the younger the cyclist, the higher the
scores in traffic violations and errors. On the other hand, scores in risk perception, rule
knowledge and protective behaviors tend to be lower (for the entire set of correlations
between age and other study variables, please see Results).

Regarding the second objective of the study (i.e., to determine the influence of road
distractions on traffic crashes), we hypothesized that cycling distractions would predict
both risky cycling behaviors and traffic crashes suffered by participants during the previous
5 years. In this sense, the structural equation model (SEM) built for predicting safety
outcomes showed that, although distractions do not directly explain traffic crashes, they
do influence them through the statistical mediation of both involuntary risky behaviors
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(errors) and intentionally committed behaviors (traffic violations), in the last case through
the mediation of risk perception. Furthermore, there are no structural differences between
errors and violations, as they predict the dependent variables (i.e., traffic crashes) in
the same direction and mediating cycling distractions; thus, distractions are a key factor
predicting road risky behaviors that, at the same time, and following the causal chain, also
predicts traffic crashes. In this sense, some studies have agreed on the relationship between
distractions and risky behaviors on the road, and on the importance of considering factors
such age and cycling intensity as predictors of traffic incidents of road users (Stutts et al.,
2003; Macy et al., 2014; Useche et al., 2018b). Finally, based on the study of smartphone-
specific violations while cycling, Puchades et al. (2017) found results similar to the ones
obtained in this study, but approaching near crashes as a potential mediator between
errors, violations and crashes. Back to our study, the results obtained through the path
analysis allowed us to confirm that road distractions predict the traffic crashes of cyclists,
but only through the process of increasing risky behaviors, that play a mediating role in
their predictive relationship.

Moreover, the results provided by this study allow us to remark the need of developing
mechanisms and strategies aimed at reducing the distractibility of road users (Stutts
et al., 2003), through interventions that are meant to enhance their interaction with
infrastructural, technological and social factors thatmay strengthen road safety (Twisk et al.,
2014), bymeans of a substantial reduction of risky behaviors when cycling, and (considering
the high physical vulnerability of cyclists in case of an accident); these interventions should
also develop the prevention of traffic injuries and human losses derived from—thanks to
the growing scientific evidence in this regard—preventable road crashes. As for potential
implications of transport policies, we have described in the introduction how some relevant
findings provided by other studies have influenced the decision-making employed in the
elaboration of road safety measures, such as the monitoring of both conventional and
electronic billboards along certain types of roads (Dukic et al., 2013; Montoro et al., 2014)
and the strengthening of the need to raise a social discussion on the management of cycling
distractions for the improvement of traffic safety (Stutts et al., 2003). In this sense, and
considering the proven relationship between cycling distractions, risky road behaviors
and traffic crash rates of cyclists, and also the high prevalence of distractors related to
problematic interactions with other road users, bad conditions on the road and mobile
devices, this study remarks the need of strengthening road safety education and training
both for and towards cyclists, in order to enhance: protective factors such as a better
interactions among different road users and less risky behaviors among cyclists, based on
their progressive and positive integration in the transport dynamics; a more responsible
use of technological devices and the awareness of other potential distracting sources;
and, finally, a substantial emphasis on the improvement of infrastructural conditions
(i.e., more friendly cycling roads). Nevertheless, the aforementioned ideas constitute
potential policy suggestions and measures that clearly exceed the scope of the sole study
of cycling distractions; in other words, more information needs to be considered in
order to determine the most accurate guidelines for decision making in road safety issues
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(Forjuoh, 2003; Vandenbulcke et al., 2009). This study represents, however, a first glance
at the research of a typically underestimated and scarcely-studied topic of traffic crash
causation among highly vulnerable road users, such as cyclists.

CONCLUSIONS
Summarizing the main findings of this research, and keeping in mind the scope provided
by the employed statistical analyses, this study made it possible to affirm that:

- Distractions on the road are a factor relatively common among cyclists, and, regarding
the specific set of distractions we studied, their self-reported prevalence oscillates between
34.7% and 83.6%.

- An interesting trend was found in the prevalence of cyclists’ road distractions according
to their age. Older individuals tended to be more affected by road distractions when
cycling.

- Cycling distraction rates are also associated with personal variables such as psychological
distress and the intensity of cycling, and with both risky and protective behaviors on the
road.

- Also, cycling distractions play a significant role in the prediction of risky behaviors
preceding traffic crashes involving bike users. In other words, distractions predicted the
traffic crash rates of cyclists, but through the mediation of risky behaviors.

- Finally, this study suggests the need of examining the role of road distractions and other
complementary factors both for what concerns cyclists and other road users, as a way to
enhance the predictive ability and the global understanding of traffic crashes involving
them.

Limitations of the study and further research
Finally, some potential sources of bias and two essential facts related to the collection
of data and to the analyses performed in this study should be mentioned. First, while
this research employed a considerably large sample of cyclists, the survey was conducted
through an electronic questionnaire and based on self-reported information.

Regarding this, and although research on individual differences in traffic safety—
including most of the studies dealing with risky behaviors—has been developed mainly
on the basis of self-reported data (af Wåhlberg & Dorn, 2015), it is worth mentioning the
potential biasing effect of this data collection method on the reliability of our results.
Specifically, some bias related to the use of self-report and to the convenience sampling,
potentially affecting the results of the study, are: response bias, that may range from the
social desirability (even when the questionnaire is anonymous, the tendency to show one’s
‘‘best look’’ in behaviors and attitudes may still be present, in this case related to road
safety habits) to responses provided with a poor understanding of the questions or the
survey dynamics (Rosenman, Tennekoon & Hill, 2011); these potential biases can be present
even when instruments are carefully revised several times according to different ages and
educational levels. Another bias may be the potential under/overrepresentation of the study’s
population, that could make it difficult to perform further comparisons among subjects
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with (in this case) other habits for transportation; and, finally, it is worth mentioning the
selection bias, i.e., the possibility that some population members were more likely to be
asked to participate than others. For these reasons, it is important to remark the need for
researchers to be careful when making generalizations based on the available data, since it
may exceed the actual characteristics of the study’s sample.

And, also, we wish to remark that this is an international study, a commonly positive
aspect which can nevertheless imply a negative side: the heterogeneity of traffic dynamics.
In this regard, we should bear in mind that the specific traffic patterns and infrastructural
advances in different countries may vary largely (Lahrmann et al., in press; Reynolds et al.,
2009), factor which could be important when generalizing the results obtained for groups
of cyclists that, although having similar individual characteristics, may be exposed to
differential road risk factors modulating their road behavior. Specifically, and it is also
important, the lack of data on other complementary factors (e.g., distractions from other
road users, traffic volumes, average speed) could represent amajor limitation for explaining
a higher variance rate in the prediction of traffic crashes involving cyclists. For this reason,
it is important to remark the need of considering multi-level designs and accident/crash
related information (i.e., objective records) in order to enhance the predictive ability and
external validity of the findings. Furthermore, it may be very useful to consider factors such
as average speeds, the severity of reported cycling crashes and the traffic volumes through
the Annual Average Daily Traffic (AADT) data—an important couple of missing element
in this study—as categories to contrast the potentially differential impact of distractions
on traffic crash outcomes of cyclists.

Regarding the SEMmodel fit, although the coefficients of the finalmodel are good overall
(CFI > .90; RMSEA < .80), the cutoff point for these coefficients may vary depending on
the theoretical approach. Also, and although it was fulfilled in this research, the root mean
square error of approximation (RMSEA) should not be pursued as the single way for
determining the model fit (Chen et al., 2008). This is the reason why it is suggestible to
consider the use of larger samples and the test of the model fit.

Finally, and speaking about further researches which may be conducted in this field, it
is also suggestible to use samples with similar proportionalities in order to make potential
comparisons between cyclist of different regions/countries, task that may contribute to
obtain relevant information on the impact of cycling distractions within different contexts.
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