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The growing evidence on road distraction during the recent years has shown how road distractions might be
playing a relevant role on traffic crash causation. However, the empirical insights about how it works in low- and
middle-income countries (LMICs) are really limited so far. The case of Colombian non-professional drivers re-
mains virtually unexplored on this regard. This research aims to assess the effect of road distractions, driving-
related issues and road behaviors on the self-reported crashes suffered by drivers in Bogotd, Colombia. To do
so, a sample of 659 drivers (64% males and 36% females) with a mean age of 37.9 years (SD = 11.7) was
gathered, who answered an online survey on road distractions, behaviors and self-reported crash history. Most of
the distracting sources reported were found to be rather common among most of the drivers, even though only a
few gender differences were found. Structural Equation Models show that there is a significant effect of road
distractions on drivers’ self-reported crash rates and that young adults are more prone to incur in these behaviors
as a consequence thereof. These findings support the design of safety interventions that focus on mitigating the
risk of being distracted. In the same vein, authorities should increase the efforts to enforce ICT-related laws while

driving, thus contributing to reduce the prevalence and impact of distracting sources while driving.

1. Introduction

According to a report by the World Health Organization, the average
annual number of deaths caused by road crashes is 1.35 million, making
it the main cause of death in people aged between 15 and 29 (WHO,
2018). Additionally, despite the fact that crashes have been considered a
public health problem for decades, their global trends do not seem to
improve to a great extent, especially in the case of Low and Middle-
Income countries, or LMICs (Tavakkoli et al., 2022). Something that
seems to worsen the situation is the fact that human factors are the most
relevant but, at the same time, the most understudied crash contributors,
making it difficult to assess, control, and intervene them (Bucsuhazy
et al., 2020).

Human factors comprise different topics, e.g., alcohol-impaired or
drug-impaired driving; sleepiness; fatigue; reckless driving; speeding;
mood, attention, and risky road behaviors (Horberry et al., 2006; Lu
et al., 2020; Miron-Juarez et al., 2020; Sterkenburg and Jeon, 2020).

* Corresponding author.

This is partly because they increase the likelihood of a crash, but it’s also
because they’re closely linked to contemporary transportation dy-
namics, one of which is distracted driving (Useche et al., 2021a; Pavlidis
et al., 2016).

Studies such as Oviedo-Trespalacios et al. (2021, 2019, 2017) have
empirically demonstrated that distracted driving, —which refers to both
internal (psychological) and external (environmental) factors that could
affect driver’s attention— represents a growing threat to individuals’
health and road safety. Also, Naumann & Dellinger (2013) argued that
crashes caused by distraction are among the most likely to involve fatal
and/or seriously injured victims, and the figures back it up. For instance,
in the USA, about 14% of all car accidents are caused by distracted
drivers, with 8% of these crashes being fatal, and another 15% involving
seriously injured people (NHTSA, 2020). Furthermore, other studies
explicitly agree on the fact that road distractions are a key issue to
consider in policy-making on road safety (Kass et al., 2007; Ortiz et al.,
2018; Oviedo-Trespalacios et al., 2021).
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In addition, recent approaches emphasize that distracted driving is
becoming increasingly complex. For instance, Gazder and Assi (2022)
state that distraction can be classified into three types: manual, visual,
and cognitive distraction, all of which are enhanced by critical factors
such as the inadequate use of ICTs (Information and Communication
Technologies; especially mobile phones) while driving (lio, et al., 2021;
Oviedo-Trespalacios et al., 2017). Meanwhile, some ‘traditional’ dis-
tracting sources, such as billboards, road obstacles, difficult weather
conditions, and even the driver’s inner world, remain highly prevalent
(Jazayeri, Martinez, Loeb & Yang, 2021; Mahpour et al., 2019).

1.1. Some key empirical insights from literature on driving distractions

Specifically, when analyzing distraction and/or inattention-related
issues affecting driving, some methodologies have focused on deter-
mining the main causes and mitigating the occurrence of crashes related
to this issue. Shams et al. (2021) examined demographic variables,
insomnia, and working conditions with the use of structural equation
models (SEM). This was done in order to investigate the relationships
between these latent variables and the demographics of truck drivers.
Other methodologies have related driving distractions to key issues such
as driving styles (Charlton & Starkey, 2020; Taubman-Ben-Ari &
Skvirsky, 2016), drivers’ vigilance, and their attempts to simultaneously
perform various activities while driving (Nakano et al., 2019; Karthaus
et al., 2020). Similarly, we find the propensity score weighting method,
used by Lu et al. (2020), to measure the tendency to use a cell phone
while driving. There are also the studies such as Soares et al. (2020),
which intended to assess the elements that determine the presence of
drowsiness and distraction in drivers, and Oviedo-Trespalacios et al.
(2017), which helped to show the links between visual, cognitive, and
psychological distractions.

Regarding experimental research on driving distractions, the litera-
ture shows how these studies are commonly based on practical exercises
or tests measuring the impact of (e.g.) mobile phone use and mixed
stimuli on driving performance. For example, Li et al. (2021) examined
the distraction caused by voice messaging applications by simulating
some test scenarios with drivers. In them, they varied the type of mes-
sage received and measured how it influenced the inattention of drivers.
On the other hand, Hancock et al. (2003) conducted tests that consisted
of answering the phone while facing important decisions on the road,
such as braking and modulating speed, on the basis of sociodemographic
variables. Thus, similarly to Ortiz et al. (2018), who assessed the effect
of WhatsApp-related texting on driver’s distraction and its relationship
to demographic variables such as age.

1.2. Research on road distractions: LMICs lag behind

Although all this evidence is interesting as a whole, the vast majority
of these studies are developed in high- or middle-income contexts.
Specifically, the research on this topic is very scarce in Latin American
countries, most of which are considered LMICs. Only during the last few
years have empirical studies started to explore the case of Colombian
road users from an applied perspective. For instance, there are studies
such as Martinez, Sanchez, & Yanez-Pagans (2019), presenting a sta-
tistical data review on various risk factors (driving distractions included)
threatening road safety in Latin America and the Caribbean, or Useche
et al. (2018), focused on the risk of cyclists. We can also note Useche
et al. (2020), who studied the effects of work stress on the risk of traffic
crashes reported by Colombian drivers from different cities. Neverthe-
less, no specific distraction assessment study has been conducted to date.
According to the foregoing, distraction has been hypothesized to in-
crease road risks worldwide, particularly in Latin America. Crash rates
in the region illustrate how they represent one of the main causes of
death for people aged 5-44, with 16 deaths per 100,000 inhabitants and
around 630 fatalities per million vehicles (IDB, 2010). Even so, no
research has been carried out to study how distraction and performance
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or non-performance errors of non-professional drivers influence the
occurrence of traffic crashes. This indicates an even greater knowledge
gap that hinders effective policy-making and the implementation of
effective mitigating measures.

This study was developed in Bogota, the capital city of Colombia. In
the past, some studies have pointed out the existence of a difficult road
safety panorama in the country. Accordingly, it is worsened by the lack
of effective road training measures and road safety education for drivers
(Jimenez et al., 2015; Porras Catano et al., 2021). Furthermore, the
actual influence of inattention and distraction in traffic crashes is very
difficult to determine, making it frequently ignored, thus attributing the
cause of many distraction-related crashes to other variables (e.g.,
speeding, poor road conditions, or generic reckless driving). This in-
formation reveals an important bias in the investigation of road events
due to unobserved variables related to distraction. Moreover, this in-
cludes variables with possible heterogeneous effects (Mannering et al.,
2016).

1.3. Aim, hypothesis and value of the study

The aim of this research was to assess the effect of road distractions,
driving-related issues, and road behaviors on the self-reported crashes
suffered by drivers from Bogota, Colombia. In this regard, it was hy-
pothesized that road-related distractions affecting drivers might have a
significant predictive role in their risky driving behaviors and, in turn,
potential traffic crashes.

To the best of our knowledge, this study constitutes the first empir-
ical approach to this issue on a national scale, making it valuable as a
baseline contribution for informed policy formulation. To do so, we
conducted an online survey of 659 drivers and estimated a Structural
Equation Model (SEM). This paper is structured as follows: literature
review, methodology, modeling results and discussion, and finally
conclusions and future work. To the best of our knowledge, this is the
first paper addressing this issue in the city of Bogota. Therefore, this
study is expected to provide the first empirical insights on the topic,
something critical for proposing evidence-based policies intended to
mitigate and manage factors that influence driving distraction.

2. Methods

In this chapter, we describe the case study context —providing key
highlights on the road conditions, dynamics, and safety outcomes of the
city addressed—, the sample used for the study, the questionnaire design,
and the modeling framework.

2.1. Study context and setting

Bogota is the capital of Colombia; it has a geographical area of 1,775
km? divided into 20 locations. It has a total of 9,708,000 inhabitants and
a motorization rate (cars per 1,000 people) of 156.95, according to
official data provided by the Secretariat of Mobility (2020). Between
2015 and 2019, about 374,000 drivers in the city were involved in road
crashes: 2.75% were cyclists, 72.99% drivers, 12.05% motorcyclists,
6.51% passengers, and 5.70% pedestrians. In terms of severity, 56,677
crashes involved injured people, 114,140 involved only damage, and
2,624 reported fatalities (Secretariat of Mobility, 2020). It is also one of
the cities that implemented “Vision Zero”, that is, “a global movement to
end traffic-related fatalities and serious injuries by taking a systemic
approach to road safety. The premise of this strategy is that road deaths
and injuries are unacceptable and preventable” (World Resources
Institute, 2021).

This cross-sectional study was performed through an online survey
written in Spanish and distributed to a pre-existing mailing list (exclu-
sively shared among universities and research centers). This took place
during the first half of 2021, setting filters to only invite individuals (i)
labeled as licensed drivers, and (ii) over 18 years old as potential study
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Fig. 1. Description of research stages and practical steps (flowchart).

subjects. In order to achieve an acceptable representativeness: (i) we
assumed the full census of drivers of the city (approximately 5 million;
RUNT, 2018) as the population size. Moreover, (ii) although population
representativeness can be only partially supposed on the basis of a non-
probabilistic sampling method, an a priori calculation of the minimum
sample size was carried out. The minimum sample size required was of
about 650 subjects, assuming a maximum margin of error of 5% (a =
0.05) and a beta () of 0.20, which allowed for an 80% power. The
average time needed to respond to the electronic survey was about 10
min. To avoid potentially biased responses, before starting the survey, it
was emphasized that the data would be exclusively used for statistical
research purposes and that participation was anonymous. The response
rate was approximately 37%, considering that the verified mailing list
used for this purpose was composed of about 1,800 individuals.

This research was developed through a five-stage process, as shown
in Fig. 1. In the first stage, a literature review was carried out to
determine the appropriate methodology for data analysis. It was fol-
lowed by the design and application of a questionnaire for data collec-
tion. Then, a structural equation model was estimated, followed by a
discussion of the findings.

2.2. Study sample

The data used for this research was obtained from a sample of 659
drivers (64% males; 36% females) from the city of Bogotd, Colombia.
The study sample had a mean age of M = 37.90 (SD = 11.71) years,
ranging [18-71]. Table 1 shows further basic demographic data of the
participants.

Additionally, regarding the demographic facts of the sample, it is
worth mentioning that: (i) there was a third gender choice in the

Table 1
Demographic features of the study sample.
Variable Frequency %
Gender Male 421 64%
Female 238 36%
Age group <25 105 16%
26-35 206 31%
36-45 184 28%
46-55 102 15%
>55 62 9%
Main Occupation Employee 347 53%
Unemployed 27 4%
Independent 188 28%
Student 97 15%
Self-reported income level Low income 9 1%
Low-middle income 97 15%
Middle income 314 48%
Middle-high income 186 28%
High income 53 8%

questionnaire. However, due to null responses obtained in this regard
(as it usually happens in many emerging or LMIC countries as a result of
cultural issues), it was not considered for analytic purposes. Therefore,
gender was treated as a binary variable. In addition, (ii) the income level
of drivers shows a standardized taxonomy (strata) officially used in
Colombia. It is proved to be a proxy of household income (Cantillo-
Garcia et al., 2019), that ranges between [1 - 6], where: 1 = low income,
2 = low-middle; 3 = middle; 4 = middle-high, and 5 and 6 = high
income.

2.3. Description of the questionnaire

Given the current situation of the pandemic (COVID-19), partici-
pants answered an online questionnaire. This research tool was divided
into four sections as follows:

The first section asked about individual and demographic variables,
such as age, gender, schooling, income level, and occupation. The
structure of the second section referred to the behavior of vehicle drivers
in Bogota to measure possible behaviors associated with factors of
inattention and distraction. For this purpose, a reduced version of the
Driving Behavior Questionnaire (DBQ), developed by Reason et al.
(1990) and adapted by Useche et al. (2021b), was used. This self-report
questionnaire consists of eight questions, four of them aimed at
measuring traffic violations (a = 0.610), and 4 to detect errors (ax =
0.735).

Conceptually, traffic violations are understood as deliberate de-
viations from the practices essential to maintain road safety (e.g., dis-
regarding traffic lights, exceeding speed limits, harassing other drivers).
Meanwhile, errors represent unintended/involuntary risky behaviors (e.
g., performing a driving maneuver incorrectly). However, they can in-
crease the likelihood of a crash, given its close relationship to driving
performance (Martinussen et al., 2013; Useche et al., 2021c). The entire
questionnaire used a 5-level frequency-based response scale (1 = never,
2 = not much; 3 = sometimes; 4 = frequently; 5 = almost always).

The third section, intended to assess self-reported distractions, con-
sisted in the RDS (Road Distractions Scale; Useche et al., 2018). This
could be defined as an 8-item scale presenting a series of different and
commonly observed distractors on the road. It used dichotomous ques-
tions (yes/no) to assess whether drivers consider they are usually
affected by them. This questionnaire was developed in order to deter-
mine their self-reported influence on road users’ common trips. Thus,
allowing them to provide descriptive data (as shown in Table 1) and
using the total sum of the RDS as a continuous study variable (« =
0.780).

Further, and to assess road risk perception, it was used the Risk
Perception subscale of the Risk Perception and Regulation Scale (RPRS;
Useche et al., 2018). This brief questionnaire consists of a 7-item sub-
scale (0« = 0.810) aimed at assessing risk-related appraisals of road users
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in a Likert response form of 5 levels, ranging from 1 = strongly disagree,
to 5 = strongly agree.

The last section of this questionnaire consisted of a series of questions
related to the record of road crashes. The last 5 years were considered as
the time frame, as used in previous studies on road distractions among
various types of road users (e.g., Useche et al., 2019 and 2018). The full
questionnaire is available in the Appendix I of this article.

2.4. Modeling framework

Structural equation models (SEM) were implemented herein to
manage latent variables or unobserved variables and endogeneity in the
data. These models consist of two parts: one is the measurement model,
and the other is the structural model. The first one analyzes the way the
exogenous variables correctly measure the latent variables (including
predefined goodness-of-fit criteria), which is typically done through a
classical factor analysis. On the other hand, the structural model ana-
lyzes how the variables are related to each other (Washington et al.,
2020).

Bootstrap-based robust maximum likelihood estimations (i.e.,
10,000 bootstrap samples and 95% confidence intervals) were per-
formed. The aim of bootstrapping data was to handle non-normality
issues, as most of study variables did not meet neither the basic
assumption of univariate normality nor multivariate normality, as usu-
ally happens in self-report-based studies (Brown, 1994; Byrne, 2010).
The model fit was evaluated by using Chi-square (x%) test, minimum
discrepancy ratio (CMIN / df), Comparative Fit Index (CFI), Normed Fit
Index (NFI), Tucker-Lewis Index (TLI), Incremental Fit Index (IFI) and
Root Mean Square Error of Approximation (RMSEA).

Estimators were calculated controlling by age, gender, and vehicle
type. According to the specialized literature, led by Marsh, Hau & Wen
(2004), it is commonly accepted that a set of CFI / NFI / TLI / IFI co-
efficients > 0.900, in addition to a RMSEA < 0.080 (better if < 0.060)
are reliable goodness-of-fit indicators (Useche, et al. 2021b). The model
fit was improved whenever possible by considering the largest and most
theoretically parsimonious modification indexes.

The indirect (or mediated) effects of the model, their confidence
intervals (at 95%) and significance levels were calculated following the
bootstrap method. Specifically, we used a Monte Carlo (parametric)
bootstrapping procedure, favoring that (e.g.) the results of the estimates
may be bias-corrected, do not pose any normality problems. In addition,
type I errors (false positives) in regression paths can be avoided.

Finally, a gender-based comparative analysis of driving distraction
scores was carried out through Welch’s robust analysis. This compara-
tive Student’s T-based non-parametric statistical test entails a

Table 2
Prevalence of self-reported road distractions by drivers’ gender and age.
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considerable set of advantages over parametric tests such as ANOVA. For
instance, it is advisable when there are heteroscedastic variances, and
compared group sizes are not proportional. IBM SPSS Statistics for
Macintosh (Version 24.0; IBM Corp., Armonk, NY) was used to perform
descriptive and comparative tests, and AMOS software (Version 26.0;
IBM Corp., Armonk, NY) was used to perform SEM analyzes.

2.5. Ethics

This study received an ethical grant by the Ethics Committee, with
IRB procedure number HE0002150221. This attests that the research
protocol conforms with the principles provided in the Declaration of
Helsinki and the risk level for participants is “Very Low*.

A digital informed consent was also attached, explaining the aim,
dynamics, and scientific purposes of the study to our potential subjects,
as well as the data protection guidelines followed by the research team.
All participants consented these conditions before participating, also
certifying they were of legal age (>18 years old) and had a valid driving
license when answering the survey.

3. Results

Table 2 lists the factors that contributed to greater distraction among
the drivers in this study. A first relevant outcome to consider is the fact
that there are no statistically significant differences regarding gender in
7 of the 8 distractors evaluated. In other words, males and females self-
report similar impact from most of potential distracting sources
appended in the questionnaire. The exception is distractor 4 (People I
find attractive) whose highest frequency corresponds to male drivers; a
result expected in advance due to the sociocultural characteristics of the
city.

The main distractors disregarding gender or age were, from most to
least important: (i) other users’ behavior, which is in line with Gupta,
Choudhary & Parida (2021), whose analysis obtained high loadings for
risky driving regarding surrounding vehicles’ behavior, (ii) road con-
ditions (in contrast with Gupta, Choudhary & Parida (2021), where this
factor was the least affecting driving behavior), and (iii) phone calls.

There is no significant difference in distracted driving regarding age.
This result is consistent with the findings of Ortiz et al. (2018),
concluding that distractions due to smartphone use while driving are not
only an issue for young drivers, but common across different age groups,
even though this trend remains remarkably stronger among them (Tosi
et al., 2020).

Distracting sources Age group Gender %2 (Gender)
<25 26-35 36-45 46-55 >55 Male ) Female ©

1. Texting or chat Freq.0? 59 91 105 51 21 230 116 2.117; p = .085
%.0e9) 51% 49% 58% 49% 37% 48.7% 54.6% -

2. Phone calls Freq. 76 127 125 66 33 285 153 0.793; p = .210
% 66% 69% 68% 63% 58% 67.7% 64.3%

3. Billboards Freq. 44 39 46 29 15 104 70 1.735; p = .111
% 38% 21% 25% 28% 26% 24.7% 29.4%

4. People I find attractive Freq. 43 57 50 26 16 169 30 54.699; p < .001
% 37% 31% 27% 25% 28% 40.1% 12.6%

5. My own thoughts and concerns Freq. 72 95 86 43 20 205 119 0.104; p = .405
% 63% 52% 46% 41% 35% 48.7% 50%

6. Weather conditions Freq. 76 118 119 62 27 257 159 2.168; p = .082
% 66% 64% 64% 59% 47% 61% 66.8%

7. Other Road Users’ behavior Freq. 92 149 151 78 44 335 192 0.115; p = .408
% 80% 81% 82% 74% 77% 79.6% 80.7%

8. Road conditions Freq. 95 158 153 77 41 340 198 0.601; p = .253
% 83% 86% 83% 73% 72% 80.8% 83.2%
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3.1. Structural equation modeling

Considering the theoretical assumptions and empirically tested re-
lationships among the study variables, while bearing in mind the study
hypothesis, we carried out a SEM analysis to explain the self-reported
driving crash rates during the last five years (dependent variable). We
used driving-related variables, behaviors, and distractions as potential
predictors (independent variables). It was initially hypothesized that
road behaviors could mediate the relationship between age, risk expo-
sure, and distractions, as well as the self-reported number of traffic
crashes suffered while driving.

The resulting Structural Equation Model provides the following in-
dexes: (x%;;) =10.492, p = .015; CMIN / df = 3.497; NFI = 0.981; CFI =
0.986; TLI = 0.901; IFI = 0.986; RMSEA = 0.060, IC90%: 0.023 —
0.101). Overall, the goodness-of-fit (GOF) can be assumed as good. That
is, if we consider the cut-off points previously described for interpreta-
tion as well as the theoretical parsimony and logical sense of the

Table 3
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directionality observed in its different paths. Then, the RMSEA was <
0.060, all the CFI/NFI/TLI/IFI values were adequate-to-optimal > 0.940
(except for TLI = 0.901, which is still adequate), consistent with the
reported reference values for GOF, as generally accepted in specialized
literature.

All standardized parameter estimates are presented in Table 3 and
graphically shown in Fig. 2. In this figure, the unidirectional arrows
indicate the direction of the explanatory relationship between the study
variables included in the model. Qualitatively, the significant structural
model shows that traffic crash rates could be explained by several study
variables (including driving distractions). They could be based on both
direct and indirect effects.

The standardized path coefficients (SPCs; see Table 1 and values next
to solid lines in Fig. 2) of the model suggest positive associations be-
tween distractions while driving. Moreover, they also depict both types
of risky driving behaviors (deliberate and undeliberate). Meanwhile, the
path analysis reveals that risk perception is negatively associated with

Variables included in the model, estimates and significance levels of the SEM paths to explain self-reported traffic crashes in a 5-year term.

Variable SPC? S.E.P C.R. p¢ Bootstrap bias-corrected values®

- - Est S.E.P 95% CI& p¢
Age — Errors -0.008 0.002 -0.263 0.792 -0.001 0.002 -0.005 0.004 0.734
Risk Exposure - Errors 0.042 0.037 1.233 0.217 0.045 0.035 -0.011 0.112 0.164
Risk Perception - Errors -0.226 0.036 —6.438 bkl -0.232 0.032 -0.304 -0.188 hid
Driving distractions - Errors 0.334 0.136 9.488 il 1.291 0.136 1.053 1.503 o
Age - Traffic violations -0.084 0.002 —2.435 -0.005 0.002 -0.008 -0.002 b
Risk Exposure - Traffic violations 0.078 0.027 2.253 * 0.060 0.026 0.022 0.109 *
Risk Perception - Traffic violations -0.156 0.026 —4.374 bkl -0.115 * -0.151 -0.071 o
Driving distractions - Traffic violations 0.345 0.099 9.713 ol 0.958 0.092 0.806 1.119 b
Age - Crashes (5 years) -0.081 0.002 —2.22 -0.004 0.002 -0.007 -0.001 *
Risk Exposure - Crashes (5 years) -0.019 0.028 -0.526 0.599 -0.015 0.03 -0.059 0.04 0.761
Risk Perception — Crashes (5 years) -0.235 0.028 —6.087 ok -0.173 0.03 -0.216 -0.115 *
Driving distractions - Crashes (5 years) -0.004 0.113 -0.094 0.925 -0.011 0.112 -0.164 0.183 0.894
Traffic violations - Crashes (5 years) 0.106 0.043 2.432 * 0.106 0.043 0.025 0.175 *
Errors — Crashes (5 years) 0.009 0.032 0.21 0.834 0.007 0.03 -0.043 0.055 0.801

Notes: @ SPC = Standardized Path Coefficients (can be interpreted as b-linear regression weights); ® S.E. = Standard Error; ¢ CR = Critical Ratio; ¢ p-value: *significant at
the level p < .05; **significant at the level p < .010; ***significant at the level p < .001; ¢ Bootstrapped (bias-corrected) model; fUnstandardized estimates; & Confidence

Interval at the level 95% (lower bound - left; upper bound - right).

Driver’s age

Dist. 01

Dist. 02

Dist. 03

Dist. 04

Dist. 05 Distractions

Dist. 06

Dist. 07
Risk Perception

Dist. 08

Driving Errors

Traffic Crashes — 5
years

Traffic Violations

Fig. 2. Standardized parameter estimates. Solid lines represent significant paths. Notes: All estimates listed in solid lines are significant (as shown in Table 1); ellipses

represent inferred (latent) variables; squares represent observed ones.
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both risky behaviors and traffic crash rates reported by participants.

In other words, as depicted in Fig. 2, nine direct effects were sig-
nificant. Driving distractions and risk perception remarkably explained
driving errors. Meanwhile, age, risk exposure, distractions, and road risk
perception directly explained work traffic crashes (WTC). Also, traffic
violations directly explained self-reported driving crash rates. On the
other hand, no significant effects were found between driving errors and
traffic crashes.

As for indirect effects of the study variables on WTC, traffic violations
have shown to exert full mediations between (i) risk exposure and (ii)
driving distractions (independent variables), and self-reported traffic
crash rates suffered in the last 5 years while driving (dependent
variable).

4. Discussion

This study aimed to assess the effect of road distractions, driving-
related issues, and road behaviors on the self-reported crashes suffered
by drivers from Bogotd, Colombia. Overall, the results of this research
support the assumption that road distractions pose a latent threat to
driving safety. The reason for this is that, in this study, driving distrac-
tions have shown a significant statistical effect on both deliberate and
undeliberate risky road behaviors (e.g., traffic violations and errors).

This first outcome is consistent with previous studies assessing the
relationship between road distractions and risky behaviors while
driving. Furthermore, it highlights how road distractions are arguably
not only a “typical” issue for driving safety but also an increasingly
growing concern. This concern is emphasized, especially if the growing
number of potential distracting sources (e.g., mobile phones, social
networks, navigators, and external issues, also frequently “connected”)
is considered on a large scale (Oviedo-Trespalacios et al., 2019 and
2017; Stavrinos et al., 2018). In this regard, the model developed in this
study points an interesting factor, an age-based segment of the driving
population in Bogotd: the group of young drivers, i.e., those aged under
25. According to official data, this age segment has shown an increasing
rate of traffic violations (23% increase from 2016 to 2018), many of
which are related to distracting sources, among which the use of mobile
phones while driving stands out (RUNT, 2018).

Precisely, the model depicts how age is inversely associated with the
number of self-reported crashes, which is consistent with the young
driver literature. Overall, it systematically illustrates that younger
drivers tend to commit more traffic violations, often preceded by the
influence of active distracting sources, such as mobile phones or other
connected devices. Added to further risk factors, e.g., driving sensation
seeking, inexperience and speeding, the current literature seems to
uniformly point out that technology-related trends in driving might in-
crease the likelihood of suffering a higher number of crashes among
certain groups of drivers (e.g., young male drivers), and prompt solu-
tions are needed (Kass et al., 2007; Miron-Juarez et al., 2020; Naumann
and Dellinger, 2013; Shope, 2006). In this regard, some recent studies
have suggested that interventions focused on strengthening road safety
skills (e.g., risk perception, learning the traffic rules, and emotional
management) might contribute to decreasing the impact of driving
safety impairers. Of course, this includes the impact of road distractions
on driving safety outcomes, particularly for younger drivers (Pope, Bell,
& Stavrinos, 2017; Lee, 2014).

Another key outcome is the apparently complex relationship be-
tween distractors, which may work as a “domino effect”. For example,
distractions 1 (texting/chatting), 5 (own thoughts and concerns) or 7
(other users’ behaviors on the road) may generate stress. Henceforth,
potentially triggering emotional responses that could produce driving
errors or risk-related decisions, such as conventional traffic violations
(Kontogiannis, 2006; Useche et al., 2021c). Similarly, there are relevant
reports, such as the one recently provided by the National Center for
Statistics and Analysis (2020), which are commonly absent in the low
and middle-income economies. In the same vein, these reports underline
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how the causes of traffic crashes differentiate crashes by distractions
from those potentially explainable through performance or non-
performance errors. Notwithstanding, the outcomes herein suggest
that this fact should be (rather) analyzed jointly, as driving distractions
might be related to both types of risky road behaviors.

In addition, other studies have systematically shown how traffic
environmental information (often acting as a distracting source) would
have a certain effect on driving behavior, especially when driving (e.g.)
under stressful conditions, in difficult road environments, or at high
speeds, thus increasing their likelihood of suffering severe traffic crashes
(Li et al., 2018; Llamazares et al., 2021; Thompson et al., 2013).

Finally, and unlike other studies where gender is a predictor of
driving errors or distracted driving, our study found no significant dif-
ference between distractors regarding gender. That is, except for the
distracting source number 4 (“people I find attractive™), where men are
strongly distracted if they notice someone they find attractive while
driving, whereas only 13% of women stated getting distracted for this
reason. Although at first glance, this is a “typical” outcome, this
descriptive finding suggests that, in demographic terms, driving
distractibility does not only correlate with age-based patterns. This
means that gender roles and specificities might contribute to developing
further insights on drivers’ features that would potentially explain dif-
ferential needs for intervention, training, and management of road dis-
tractions (Gauld et al., 2020; Prat et al., 2015; Barr et al., 2015).

5. Limitations of the study

This study analyzed the data from a relatively large sample of
drivers, and the essential statistical and theoretical assumptions
(including GOF criteria) were successfully met. However, it is worth
acknowledging some fundamental shortcomings and technical limita-
tions, since they could affect the outcomes of this research. This way,
readers will make a careful interpretation of the work we have just
described.

Firstly, despite the questionnaire being anonymous, we cannot
guarantee the non-existence of common method biases (CMBs). More-
over, and most especially as potentially sensitive topics (e.g., their own
road behavior and safety outcomes) have been addressed in the
research. In this regard, previous studies have shown how measuring
negative issues, including attitudes, experiences, and behaviors, may
increase respondents’ social desirability (Nasaescu et al., 2020; Ruiz-
Hernandez et al., 2020), or remain largely dependent on the memory
and recalling capacity of the participants. Secondly, there are many
other factors potentially affecting drivers’ safety outcomes that remain
unexplored in this research. For instance, while driver’s experience has
been proven to affect distraction-related outcomes, we did not gather
specific information on it. Although it is usually collinear with age,
analyzing individuals’ driving experience may add some additional in-
sights to further studies. Finally, even though it virtually affects all
contemporary applied research, we must consider the current changes in
terms of transportation dynamics and travel behaviors (Montoro et al.,
2022; Sevtsuk et al., 2021). Specifically, since they are accelerated as a
result of the current COVID-19 pandemic, this might impact the infor-
mation provided by our respondents.

6. Conclusions

This study designed and applied an online questionnaire to a
considerably large sample of drivers from Bogotd, the capital of
Colombia, an emerging country where traffic-related crash, injury, and
fatality rates have been rising during the last decades. This is claimed to
be a phenomenon that is intertwined with different gaps, disparities, and
shortcomings evident in the traffic environment. The SEM-based results
show that there is a significant effect of road distractions on drivers’ self-
reported crash rates. Additionally, it shows how young adults are more
prone to incurring these behaviors as a consequence thereof.
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These findings support efforts to design safety interventions aimed at
mitigating the risk of getting distracted while driving. In addition, au-
thorities should increase efforts to enforce ICT-related laws while
driving. Therefore, this contributes to reducing the prevalence and
impact of distracting sources on the road. Unsurprisingly, road condi-
tions and other users’ behaviors were important self-reported distractors
in our sample. This could be regarded as a specific outcome for our case
study given the poor road conditions (e.g., potholes, cracks, etc.) and the
reckless driving of other users. Some examples are sudden maneuvers,
turning without “blinkers” and, lately, motorcycles and cyclists (mainly
from delivery apps) making all kinds of traffic violations.

Finally, regarding further research in the region, this paper empha-
sizes the need to consider road-related distractions as a key study factor,
since they have been commonly left aside in previous studies performed
in Latin American countries and many other LMICs. It would be a first
step to developing a more efficient and context-based policymaking.
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Appendix I. Research questionnaire
L. Demographics

1. Gender: Man [] Woman [].

2. Age: __ years.

What Is your main occupation?

[ Student.

] Employee.

[ Independent (Self-Employed).

[] Unemployed.

[ Other.

Highest Educational level (ongoing or completed):
[1 None.

[ Primary education.

[J Secondary Education - Baccalaureate.
[ Technical-intermediate training.

[] Undergraduate degree.

[ Post-graduate degree.
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Socio-economic strata (from 1 to 6, as assigned to your place of residence): __

F-DBQ (Driving Behavior) (8-items)

Please estimate how often you do the following when cycling, using this scale:
1 = Never; 2 = Almost never; 3 = Sometimes; 4 = Frequently; 5 = Almost always / always

Item Frequency

1. Overtaking a slow-moving vehicle in the inside lane 1 2 3 4 5
2. Deliberately disregarding the speed limits late at night or very early in the morning 1 2 3 4 5
3. Taking a chance and crossing when lights have turned red 1 2 3 4 5
4. Slowly pulling the vehicle out of an intersection until those coming must stop and give way 1 2 3 4 5
5. Misjudging the speed of an oncoming vehicle when passing on an undivided road 1 2 3 4 5
6. Misjudging your crossing interval when turning left/right, or doing it at an inadequate speed 1 2 3 4 5
7. Failing to read a traffic sign correctly, or confusing it with another 1 2 3 4 5
8. Getting into the wrong lane at a roundabout or approaching a road junction 1 2 3 4 5
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III. RDS (Road Distractions) (8-items)

Normally, do these factors distract you and/or impair your driving performance during your journeys?

Potential distracting source Yes No

Text messages or chats

Phone calls

Billboards

People that I find attractive

My own thoughts or concerns

Weather conditions

The behavior of other users of the road
The obstacles in the way

PN AN

Risk perception scale (RPRS) (7-items)

To what extent do you agree with the following statements?
1 = Strongly Disagree; 2 = Disagree; 3 = Neither agree nor disagree; 4 = Agree; 5 = Strongly agree
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Item Degree of Agreement

1. I understand the potential consequences of being involved in a traffic crash, for example, with another vehicle 1 2 3 4 5
2. I perceive potentially higher risks for my integrity when I go inside a car, than when I am on board of a big vehicle 1 2 3 4 5
3. Iam aware of the other vehicles that surround me on the road 1 2 3 4 5
4. I realize that there are signaling and infrastructure problems that can affect my safety 1 2 3 4 5
5. I believe that driving under the influence of certain substances (alcohol, illegal and / or prescribed drugs) affects my ability to drive 1 2 3 4 5
6. I am aware of the risks involved when using headphones and cellphones while driving 1 2 3 4 5
7. Driving in urban areas is especially risky, considering the number of vehicles and the complexity of the roads 1 2 3 4 5

IV. Driving-related information

6. I use the car for the following purposes (You can mark more than one).

[J To move regularly to / from school or workplace (“commuting™).

[ To make a short trip to a specific point of the city.
[ Recreation.
[]As a mean of working.

7 In a week, approximately how many hours do you use the car as a driver?

About hours per week.
8 What type of car do usually drive? (The most frequent).

9 In the last 5 years, have you had any crash/accident while driving a car?

Yes [] No .
9.1 If you answered “YES” to the previous question:

Regardless of their severity, how many accidents/crashes have you had in the last 5 years? ___ accidents/crashes.

References

Barr, G. C., Jr, Kane, K. E., Barraco, R. D., Rayburg, T., Demers, L., Kraus, C. K.,
Greenberg, M. R., Rupp, V. A., Hamilton, K. M., & Kane, B. G. (2015). Gender
differences in perceptions and self-reported driving behaviors among teenagers. The
Journal of Emergency Medicine, 48(3), 366-70.e3. https://doi.org/10.1016/j.
jemermed.2014.09.055.

Brown, 1.D., 1994. Driver fatigue. Human Factors 36 (2), 298-314. https://doi.org/
10.1177/001872089403600210.

Bucsuhdzy, K., Matuchova, E., Zivala, R., Moravcova, P., Kostikovd, M., Mikulec, R.,
2020. Human factors contributing to the road traffic accident occurrence.
Transportation Research Procedia 45, 555-561. https://doi.org/10.1016/j.
trpro.2020.03.057.

Byrne, B., 2010. Structural equation modeling with AMOS. Basic concepts, applications
and programming, 2nd ed. Routledge Taylor & Francis Group, New York, NY.

Cantillo-Garcia, V, Guzman, L., & Arellana, J. (2019). Socioeconomic strata as proxy
variable for household income in transportation research. Evaluation for Bogota,
Medellin, Cali and Barranquilla. DYNA, 86(211), 258-267. https://doi.org/
10.15446/dyna.v86n211.81821.

Charlton, S.G., Starkey, N.J., 2020. Co-driving: Passenger actions and distractions.
Accident Analysis & Prevention 144, 105624. https://doi.org/10.1016/].
aap.2020.105624.

Gauld, C.S., Lewis, .M., White, K.M., Watson, B.C., Rose, C.T., Fleiter, J.J., 2020. Gender
differences in the effectiveness of public education messages aimed at smartphone

use among young drivers. Traffic Injury Prevention 21 (2), 127-132. https://doi.
org/10.1080/15389588.2020.1732948.

Gazder, U., Assi, K.J., 2022. Determining driver perceptions about distractions and
modeling their effects on driving behavior at different age groups. Journal of Traffic
and Transportation Engineering (English Edition) 9 (1), 33-43. https://doi.org/
10.1016/j.jtte.2020.12.005.

Gupta, A., Choudhary, P., Parida, M., 2021. Understanding and modelling risky driving
behaviour on high-speed corridors. Transportation Research Part F: Traffic
Psychology and Behaviour 82, 359-377. https://doi.org/10.1016/j.trf.2021.09.009.

Hancock, P.A., Lesch, M., Simmons, L., 2003. The distraction effects of phone use during
a crucial driving maneuver. Accident Analysis & Prevention 35 (4), 501-514.
https://doi.org/10.1016/50001-4575(02)00028-3.

Horberry, Tim, Anderson, Janet, Regan, Michael A., Triggs, Thomas J., Brown, John,
et al., 2006. Driver distraction: The effects of concurrent in-vehicle tasks, road
environment complexity and age on driving performance. Accident Analysis &
Prevention 38 (1), 185-191. https://doi.org/10.1016/j.aap.2005.09.007.

Tio, K., Guo, X., Lord, D., 2021. Examining driver distraction in the context of driving
speed: An observational study using disruptive technology and naturalistic data.
Accident Analysis & Prevention 153, 105983. https://doi.org/10.1016/j.
aap.2021.105983.

Jimenez, A., Bocarejo, J.P., Zarama, R., Yerpez, J., 2015. A case study analysis to
examine motorcycle crashes in Bogota, Colombia. Journal of Safety Research 52,
29-38. https://doi.org/10.1016/j.jsr.2014.12.005.


https://doi.org/10.1177/001872089403600210
https://doi.org/10.1177/001872089403600210
https://doi.org/10.1016/j.trpro.2020.03.057
https://doi.org/10.1016/j.trpro.2020.03.057
http://refhub.elsevier.com/S0925-7535(22)00142-4/h0025
http://refhub.elsevier.com/S0925-7535(22)00142-4/h0025
https://doi.org/10.1016/j.aap.2020.105624
https://doi.org/10.1016/j.aap.2020.105624
https://doi.org/10.1080/15389588.2020.1732948
https://doi.org/10.1080/15389588.2020.1732948
https://doi.org/10.1016/j.jtte.2020.12.005
https://doi.org/10.1016/j.jtte.2020.12.005
https://doi.org/10.1016/j.trf.2021.09.009
https://doi.org/10.1016/S0001-4575(02)00028-3
https://doi.org/10.1016/j.aap.2005.09.007
https://doi.org/10.1016/j.aap.2021.105983
https://doi.org/10.1016/j.aap.2021.105983
https://doi.org/10.1016/j.jsr.2014.12.005

A. Arevalo-Tamara et al.

Jazayeri, Ali, Martinez, John Ray B., Loeb, Helen S., Yang, Christopher C., 2021. The
Impact of driver distraction and secondary tasks with and without other co-occurring
driving behaviors on the level of road traffic crashes. Accident Analysis and
Prevention 153. https://doi.org/10.1016/j.aap.2021.106010.

Kass, S.J., Cole, K.S., Stanny, C.J., 2007. Effects of distraction and experience on situation
awareness and simulated driving. Transportation Research Part F: Traffic Psychology
and Behaviour 10 (4), 321-329. https://doi.org/10.1016/j.trf.2006.12.002.

Karthaus, M., Wascher, E., Falkenstein, M., Getzmann, S., 2020. The ability of young,
middle-aged and older drivers to inhibit visual and auditory distraction in a driving
simulator task. Transportation Research Part F: Traffic Psychology and Behaviour
68, 272-284. https://doi.org/10.1016/].trf.2019.11.007.

Kontogiannis, T., 2006. Patterns of driver stress and coping strategies in a Greek sample
and their relationship to aberrant behaviors and traffic accidents. Accident Analysis
& Prevention 38 (5), 913-924. https://doi.org/10.1016/j.aap.2006.03.002.

Lee, J.D., 2014. Dynamics of Driver Distraction: The process of engaging and
disengaging. Annals of advances in automotive medicine. Association for the
Advancement of Automotive Medicine. Annual Scientific Conference 58, 24-32.

Li, J., Dou, Y., Wu, J., Su, W., Wu, C., 2021. Distracted driving caused by voice message
apps: A series of experimental studies. Transportation Research Part F: Traffic
Psychology and Behaviour 76, 1-13. https://doi.org/10.1016/j.trf.2020.10.008.

Li, Y.i., Chen, Y., Wang, F., 2018. The Impact of Traffic Environmental Vision Pressure on
Driver Behaviour. Journal of Advanced Transportation 2018, 1-12.

Llamazares, J., Useche, S.A., Montoro, L., Alonso, F., 2021. Commuting accidents of
Spanish professional drivers: when occupational risk exceeds the workplace.
International Journal of Occupational Safety and Ergonomics 27 (3), 754-762.
https://doi.org/10.1080/10803548.2019.1619993.

Lu, D., Guo, F., Li, F., 2020. Evaluating the causal effects of cellphone distraction on
crash risk using propensity score methods. Accident Analysis & Prevention 143,
105579. https://doi.org/10.1016/j.aap.2020.105579.

Mannering, F., Shankar, V., Bhat, C.R., 2016. Unobserved heterogeneity and the
statistical analysis of highway accident data. Analytic Methods in Accident Research
11, 1-16. https://doi.org/10.1016/j.amar.2016.04.001.

Martinez, S., Sanchez, R., Yanez-Pagans, P., 2019. Road safety: challenges and
opportunities in Latin America and the Caribbean. Latin American Economic Review
28, 17. https://doi.org/10.1186/s40503-019-0078-0.

Martinussen, L.M., Hakamies-Blomgvist, L., Mgller, M., ézkan, T., Lajunen, T., 2013.
Age, gender, mileage and the DBQ: The validity of the Driver Behavior Questionnaire
in different driver groups. Accident Analysis & Prevention 52, 228-236. https://doi.
org/10.1016/j.aap.2012.12.036.

Mirén-Judrez, C.A., Garcia-Hernandez, C., Ochoa-Avila, E., Diaz-Grijalva, G.R., 2020.
Approaching to a structural model of impulsivity and driving anger as predictors of
risk behaviors in young drivers. Transportation Research Part F: Traffic Psychology
and Behaviour 72, 71-80. https://doi.org/10.1016/j.trf.2020.05.006.

Mahpour, A., Amiri, A.M., Ebrahimi, E.S., 2019. Do drivers have a good understanding of
distraction by wrap advertisements? Investigating the impact of wrap advertisement
on distraction-related driver’s accidents. Advances in Transportation Studies: An
International Journal 19-30. https://doi.org/10.4399/978825525472.2.

Montoro, L., Cendales, B., Alonso, F., Gonzalez-Marin, A., Lijarcio, 1., Llamazares, J.,
Useche, S.A., 2022. Essential...but also vulnerable? Work intensification, effort/
reward imbalance, fatigue and psychological health of Spanish cargo drivers during
the COVID-19 pandemic. PeerJ 10, e13050. https://doi.org/10.7717 /peerj.13050.

Nakano, Y., Okamura, K., Kosuge, R., Kihira, M., Fujita, G., 2019. Effect of visible
presence of policing activities on drivers’ vigilance and intention to refrain from
non-driving activities: A scenario-based survey of general Japanese drivers. Accident
Analysis & Prevention 133, 105293. https://doi.org/10.1016/j.aap.2019.105293.

Nasaescu, E., Zych, I., Ortega-Ruiz, R., Farrington, D.P., Llorent, V.J., 2020. Longitudinal
Patterns of Antisocial Behaviors in Early Adolescence: A Latent Class and Latent
Transition Analysis. The European Journal of Psychology Applied to Legal Context
12 (2), 85-92. https://doi.org/10.5093/ejpalc2020a10.

National Center for Statistics and Analysis. (2020). Distracted driving 2018 (Research
Note. Report No. DOT HS 812 926). National Highway Traffic Safety Administration.

Naumann, R.B., Dellinger, A.M., 2013. Mobile Device Use While Driving — United States
and Seven European Countries, 2011. International Journal of Transportation 35-46.

Ortiz, C., Ortiz-Peregrina, S., Castro, J.J., Casares-Lopez, M., Salas, C., 2018. Driver
distraction by smartphone use (WhatsApp) in different age groups. Accident Analysis
& Prevention 117, 239-249.

Oviedo-Trespalacios, O., Haque, M.M., King, M., Washington, S., 2017. Effects of road
infrastructure and traffic complexity in speed adaptation behaviour of distracted
drivers. Accident Analysis & Prevention 101, 67-77. https://doi.org/10.1016/j.
aap.2017.01.018.

Oviedo-Trespalacios, O., Nandavar, S., Newton, J., Demant, D., Phillips, J.G., 2019.
Problematic Use of Mobile Phones in Australia...Is It Getting Worse? Frontiers in
Psychiatry 10, 105. https://doi.org/10.3389/fpsyt.2019.00105.

Oviedo-Trespalacios, O., Watson, B., 2021. Navigation apps are becoming a threat to
road safety (beyond distraction). Injury Prevention 103. https://doi.org/10.1136/
injuryprev-2020-044012.

Pavlidis, I., Dcosta, M., Taamneh, S., Manser, M., Ferris, T., Wunderlich, R., Akleman, E.,
Tsiamyrtzis, P., 2016. Dissecting Driver Behaviors Under Cognitive, Emotional,
Sensorimotor, and Mixed Stressors. Scientific Reports 6, 25651. https://doi.org/
10.1038/srep25651.

Pope, C.N., Bell, T.R., Stavrinos, D., 2017. Mechanisms behind distracted driving
behavior: The role of age and executive function in the engagement of distracted

Safety Science 153 (2022) 105803

driving. Accident Analysis & Prevention 98, 123-129. https://doi.org/10.1016/j.
aap.2016.09.030.

Porras Catano, S.M., Grisales-Romero, H., Useche, S.A., 2021. Loss of years of healthy life
due to road incidents of motorcyclists in the city of Medellin, 2012 to 2015. PloS One
16 (8), €0256758. https://doi.org/10.1371/journal.pone.0256758.

Prat, F., Planes, M., Gras, M.E., Sullman, M.J., 2015. An observational study of driving
distractions on urban roads in Spain. Accident Analysis & Prevention 74, 8-16.
https://doi.org/10.1016/j.aap.2014.10.003.

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.
https://doi.org/10.1080/00140139008925335.

Ruiz-Hernandez, J.A., Pina, D., Puente-Lépez, E., Luna-Maldonado, A., Llor-Esteban, B.,
2020. Attitudes towards School Violence Questionnaire, Revised Version: CAHV-28.
The European Journal of Psychology Applied to Legal Context 12 (2), 61-68.
https://doi.org/10.5093/ejpalc2020a8.

RUNT (2018). Registro Unico Nacional de Trénsito. https://www.runt.com.co/.

Secretariat of Mobility, 2020. Datos abiertos de accidentalidad en Bogotd [Open accident
data from Bogota]. Available from: https://datos.movilidadbogota.gov.co.

Shams, Z., Naderi, H., Nassiri, H., 2021. Assessing the effect of inattention-related error
and anger in driving on road accidents among Iranian heavy vehicle drivers. IATSS
Research 45 (2), 210-217. https://doi.org/10.1016/j.iatssr.2020.09.005.

Shope, J.T., 2006. Influences on youthful driving behavior and their potential for guiding
interventions to reduce crashes. Injury Prevention 12 (Suppl 1), i9-i14. https://doi.
org/10.1136/ip.2006.011874.

Soares, S., Ferreira, S., Couto, A., 2020. Drowsiness and distraction while driving: A
study based on smartphone app data. Journal of Safety Research 72, 279-285.
https://doi.org/10.1016/j.jsr.2019.12.024.

Stavrinos, D., Pope, C.N., Shen, J., Schwebel, D.C., 2018. Distracted Walking, Bicycling,
and Driving: Systematic Review and Meta-Analysis of Mobile Technology and Youth
Crash Risk. Child development 89 (1), 118-128. https://doi.org/10.1111/
cdev.12827.

Sterkenburg, J., Jeon, M., 2020. Impacts of anger on driving performance: A comparison
to texting and conversation while driving. International Journal of Industrial
Ergonomics 80, 102999. https://doi.org/10.1016/j.ergon.2020.102999.

Sevtsuk, A., Hudson, A., Halpern, D., Basu, R., Ng, K., de Jong, J., Picone, G.A., 2021. The
impact of COVID-19 on trips to urban amenities: Examining travel behavior changes
in Somerville. MA. PLoS One 16 (9), e0252794. https://doi.org/10.1371/journal.
pone.0252794.

Taubman-Ben-Ari, O., Skvirsky, V., 2016. The multidimensional driving style inventory a
decade later: Review of the literature and re-evaluation of the scale. Accident
Analysis & Prevention 93, 179-188. https://doi.org/10.1016/j.aap.2016.04.038.

Tavakkoli, M., Torkashvand-Khah, Z., Fink, G., Takian, A., Kuenzli, N., de Savigny, D.,
Cobos Munoz, D., 2022. Evidence From the Decade of Action for Road Safety: A
Systematic Review of the Effectiveness of Interventions in Low and Middle-Income
Countries. Public Health Reviews 43. https://doi.org/10.3389/phrs.2022.1604499.

Thompson, J.P., Baldock, M.R., Mathias, J.L., Wundersitz, L.N., 2013. An examination of
the environmental, driver and vehicle factors associated with the serious and fatal
crashes of older rural drivers. Accident Analysis & Prevention 50, 768-775. https://
doi.org/10.1016/j.aap.2012.06.028.

Tosi, J.D., Ledesma, R., Useche, S.A., Dorantes-Argandar, G., Oviedo-Trespalacios, O.,
2020. Assessing the Factor Structure of the Behaviour of Young Novice Drivers Scale
(BYNDS). Transportation Research Part F: Psychology and Behaviour 72, 171-183.
https://doi.org/10.1016/j.trf.2020.04.015.

Useche, S.A., Alonso, F., Montoro, L., Esteban, C., 2018. Distraction of cyclists: how does
it influence their risky behaviors and traffic crashes? PeerJ 6, €5616. https://doi.
org/10.7717/peerj.5616.

Useche, S.A., Alonso, F., Sanmartin, J., Montoro, L.V., Cendales, B., Chen, F., 2019. Well-
being, behavioral patterns and cycling crashes of different age groups in Latin
America: are aging adults the safest cyclists? PLoS ONE 14 (8), e0221864. https://
doi.org/10.1371/journal.pone.0221864.

Useche, S.A., Cendales, B., Alonso, F., Llamazares, F., 2021a. More than just “stressful”?
Testing the mediating role of fatigue on the relationship between job stress and
occupational crashes of long-haul truck drivers. Psychology Research and Behavior
Management 14, 1211-1221. https://doi.org/10.2147/PRBM.S305687.

Useche, S.A., Cendales, B., Alonso, F., Orozco-Fontalvo, M., 2020. A matter of style?
Testing the moderating effect of driving styles on the relationship between job strain
and work-related crashes of professional drivers, Transportation Research Part F 72,
307-317. https://doi.org/10.1016/j.trf.2020.05.015.

Useche, S.A., Cendales, B., Lijarcio, I., Llamazares, F., 2021b. Validation of the F-DBQ: a
short (and accurate) Risky Driving Behavior Questionnaire for Long-Haul
Professional Drivers. Transportation Research Part F: Traffic Psychology and
Behaviour 82, 190-201. https://doi.org/10.1016/j.trf.2021.08.013.

Useche, S.A., Esteban, C., Alonso, F., Montoro, L., 2021c. Are Latin American cycling
commuters “at risk”? A comparative study on cycling patterns, behaviors, and
crashes with non-commuter cyclists. Accident Analysis & Prevention 150, 105915.
https://doi.org/10.1016/j.aap.2020.105915.

Washington, S., Karlaftis, M., Mannering, F., Anastasopoulos, P., 2020. Statistical and
Econometric Methods for Transportation Data Analysis. Taylor & Francis Group,
New York.

World Resources Institute (2021). What is Vision Zero?. Available from the web: https://
visionzerochallenge.org/vision-zero?locale=en.



https://doi.org/10.1016/j.aap.2021.106010
https://doi.org/10.1016/j.trf.2006.12.002
https://doi.org/10.1016/j.trf.2019.11.007
https://doi.org/10.1016/j.aap.2006.03.002
http://refhub.elsevier.com/S0925-7535(22)00142-4/h0085
http://refhub.elsevier.com/S0925-7535(22)00142-4/h0085
http://refhub.elsevier.com/S0925-7535(22)00142-4/h0085
https://doi.org/10.1016/j.trf.2020.10.008
http://refhub.elsevier.com/S0925-7535(22)00142-4/h0095
http://refhub.elsevier.com/S0925-7535(22)00142-4/h0095
https://doi.org/10.1080/10803548.2019.1619993
https://doi.org/10.1016/j.aap.2020.105579
https://doi.org/10.1016/j.amar.2016.04.001
https://doi.org/10.1186/s40503-019-0078-0
https://doi.org/10.1016/j.aap.2012.12.036
https://doi.org/10.1016/j.aap.2012.12.036
https://doi.org/10.1016/j.trf.2020.05.006
https://doi.org/10.4399/9788255254722
https://doi.org/10.7717/peerj.13050
https://doi.org/10.1016/j.aap.2019.105293
https://doi.org/10.5093/ejpalc2020a10
http://refhub.elsevier.com/S0925-7535(22)00142-4/h0155
http://refhub.elsevier.com/S0925-7535(22)00142-4/h0155
http://refhub.elsevier.com/S0925-7535(22)00142-4/h0160
http://refhub.elsevier.com/S0925-7535(22)00142-4/h0160
http://refhub.elsevier.com/S0925-7535(22)00142-4/h0160
https://doi.org/10.1016/j.aap.2017.01.018
https://doi.org/10.1016/j.aap.2017.01.018
https://doi.org/10.3389/fpsyt.2019.00105
https://doi.org/10.1136/injuryprev-2020-044012
https://doi.org/10.1136/injuryprev-2020-044012
https://doi.org/10.1038/srep25651
https://doi.org/10.1038/srep25651
https://doi.org/10.1016/j.aap.2016.09.030
https://doi.org/10.1016/j.aap.2016.09.030
https://doi.org/10.1371/journal.pone.0256758
https://doi.org/10.1016/j.aap.2014.10.003
https://doi.org/10.1080/00140139008925335
https://doi.org/10.5093/ejpalc2020a8
https://datos.movilidadbogota.gov.co
https://doi.org/10.1016/j.iatssr.2020.09.005
https://doi.org/10.1136/ip.2006.011874
https://doi.org/10.1136/ip.2006.011874
https://doi.org/10.1016/j.jsr.2019.12.024
https://doi.org/10.1111/cdev.12827
https://doi.org/10.1111/cdev.12827
https://doi.org/10.1016/j.ergon.2020.102999
https://doi.org/10.1371/journal.pone.0252794
https://doi.org/10.1371/journal.pone.0252794
https://doi.org/10.1016/j.aap.2016.04.038
https://doi.org/10.3389/phrs.2022.1604499
https://doi.org/10.1016/j.aap.2012.06.028
https://doi.org/10.1016/j.aap.2012.06.028
https://doi.org/10.1016/j.trf.2020.04.015
https://doi.org/10.7717/peerj.5616
https://doi.org/10.7717/peerj.5616
https://doi.org/10.1371/journal.pone.0221864
https://doi.org/10.1371/journal.pone.0221864
https://doi.org/10.2147/PRBM.S305687
https://doi.org/10.1016/j.trf.2020.05.015
https://doi.org/10.1016/j.trf.2021.08.013
https://doi.org/10.1016/j.aap.2020.105915
http://refhub.elsevier.com/S0925-7535(22)00142-4/h0300
http://refhub.elsevier.com/S0925-7535(22)00142-4/h0300
http://refhub.elsevier.com/S0925-7535(22)00142-4/h0300

	Distracted driving in relation to risky road behaviors and traffic crashes in Bogota, Colombia
	1 Introduction
	1.1 Some key empirical insights from literature on driving distractions
	1.2 Research on road distractions: LMICs lag behind
	1.3 Aim, hypothesis and value of the study

	2 Methods
	2.1 Study context and setting
	2.2 Study sample
	2.3 Description of the questionnaire
	2.4 Modeling framework
	2.5 Ethics

	3 Results
	3.1 Structural equation modeling

	4 Discussion
	5 Limitations of the study
	6 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix I Research questionnaire
	I Demographics

	F-DBQ (Driving Behavior) (8-items)
	III RDS (Road Distractions) (8-items)

	Risk perception scale (RPRS) (7-items)
	IV Driving-related information
	References


