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Abstract. Motorcycle crashes are a significant cause of injuries and deaths
worldwide, with risky driving behaviors among motorcyclists being a significant
contributing factor. This study aimed to identify the factors associated with risky
driving behaviors among motorcyclists in an urban setting in Ecuador. Data were
collected through observation of riders in the city of Loja, focusing on compliance
with helmet usage, unfastened helmets, and distractions caused by cell phone usage
while driving. The decision tree method was used to analyze the data. The results
showed that wearing a helmet without fastening it and being distracted by the cell
phone while driving were the most significant factors associated with unsafe driving
behaviors among motorcyclists in Ecuador. Likewise, the riders of delivery
motorcycles show more insecure behavior than those driving private motorcycles,
especially when they are close to the economic center of the city. These findings can
inform the development of road safety campaigns and the enactment of laws to
reduce motorcycle accidents and improve rider safety.

Keywords. risky riding behaviors; Ecuador; helmet usage; distracted driving;
decision tree.

1. Introduction

Approximately 1.3 million people die, and 20 to 50 million people sustain non-fatal
injuries due to road accidents every year worldwide [1]. Although there have been
worldwide attempts to reduce the number of accidents, it is predicted that the number of
crashes in low and middle-income countries will keep rising. In Ecuador in 2022, 21739
crashes occurred, causing 19006 injuries and 2,202 fatalities [2]. Of those crashes, 6709
involved motorcyclists causing 750 deaths on site. Riders' behavior is the cause of most
motorcycle accidents on the road [3]. The way motorcyclists behave is a significant
factor in the high number of deaths resulting from traffic accidents [4]. Studies have
identified several risky driving behaviors among motorcyclists, including unauthorized
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overtaking, inappropriate speed, over-speeding, non-compliance with traffic regulations,
riding after drinking alcohol, not using helmets [4], and driving while distracted.

Overtaking another motorcyclist in the same lane is generally illegal and dangerous
in most cases. Several factors contribute to different types of crashes, including
inexperienced motorcyclists, broad city roads that promote speeding and dangerous
overtaking, smooth city roads that encourage high speeds and more interaction between
vehicles, and inadequate infrastructure maintenance [5]. Additionally, inappropriate
speed is a major cause of motorcycle accidents and puts road users at risk [6]. Most
accidents are still caused by speeding and they cannot be ignored as they are connected
to the actions of the rider [3]. Risk behaviors related to overtaking and speeding may be
regulated by local laws.

Non-compliance with traffic regulations by motorcycle riders is a common issue.
Studies have shown that the attitudes and behaviors of riders are the primary reasons for
this non-compliance [7]. Compliance with road safety regulations among motorcycle
riders is also problematic, as some studies indicate that only approximately 59% of riders
adhere to these regulations [8]. Driving non-compliance is a choice that arises from
unconscious practical skills developed through experience and knowledge gained in
everyday life [9]. Failure to comply with the laws also includes refraining from driving
a motorcycle after consuming alcohol.

Riding a motorcycle after consuming alcohol is dangerous and can lead to serious
crashes [10]. Alcohol can significantly impair one's ability to perform in real-world
situations, and even a small amount of alcohol can diminish brain function [11].
Individuals who ride a motorcycle while under the influence of alcohol also tend to
engage in other dangerous behaviors while driving, such as not wearing a helmet [12—
14] which increases the severity of injuries to motorcyclists.

Riding a motorcycle without a helmet significantly increases the risk of severe head
trauma, coma, and death. Helmets protect riders from injuries such as traumatic brain
injury and concussion [15]. There are also regulations in place for motorcycle helmets,
and manufacturers must certify that their products follow these regulations [16]. Non-
users of helmets have identified several obstacles to their use, including a belief that
helmets are not very effective, pressure from peers, insufficient information about helmet
use, high costs, inconvenience, vision and hearing impairment, concerns about style [17],
weight of the helmet, and the feeling of heat during use [18]. On the other hand, it is not
recommended to ride a motorcycle with an unbuttoned helmet as it can compromise the
rider's safety. There isn't much research on unbuttoned helmets, considering that it is the
law in most countries. If combined with distractions, the outcome of a crash can be fatal.

Distractions can be a major cause of motorcycle accidents. Common distractions for
motorcycle riders include using a cellphone [19], eating or smoking [20], red-light
running [20], adjusting music [20], and being injured by a driver [21]. Distracted driving
can also cause motorcycle accidents, as drivers who are not paying attention to their
surroundings may not see motorcycles and take reasonable measures to avoid accidents.
Therefore, this and other risky behaviors must be thoroughly studied.

There are several techniques used to analyze rider behavior risk. For example, self-
report survey [20,22], machine learning methods [23], observational study [24], among
few others. A new method called decision tree based on machine learning has enabled
more advanced analyses to be conducted. This algorithm can categorize or predict based
on past data, handle both numerical and categorical data, and choose important features.
It presents decisions in a visual format and is useful for data mining.
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This analysis of previous literature emphasizes the importance of comprehending
the risk behavior of motorcycle riders. Despite the fact that drivers exhibit riskier
behavior than riders [25], analyzing their behavior is crucial due to a significant rise in
their numbers after CoViD-19, particularly among those who make deliveries [26].
Identifying these risky behaviors is essential for preventing accidents and protecting
riders and other community members from risks [27]. Despite the abundance of literature
on the subject, very few studies have been conducted in an Ecuadorian context,
particularly with regard to helmet usage, distractions while driving, and the utilization of
decision trees. The aim of this article is to identify the factors associated with risky
driving behaviors among motorcyclists in an urban setting in Ecuador by utilizing a
decision tree. To accomplish this objective, data was collected from riders through
observation in the city of Loja, located in the southern region of the country. The data
primarily focused on compliance with helmet usage, unfastened helmets, and distractions
caused by cell phone usage while driving. The results will serve as input for a more
comprehensive analysis of each outcome and to allocate resources, such as road safety
campaigns and the enactment of laws.

2. Materials and Methods

In this study, data were collected on motorcycle riders in the city of Loja, Ecuador, using
an online survey and the direct observation method. The data were collected between
December 2022 and January 2023 and included information on the number of people on
each motorcycle, helmet usage, demographic data, and rider distraction. The data were
processed and categorized into five groups based on hazardous rider behaviors. The
analysis of the data was conducted using the R statistical software and the decision tree
method to identify the most significant contributors to the riskiest behaviors.

2.1. Study city

The city of Loja is located in southern Ecuador and boasts a well-structured layout of
streets and walkways that make it easy to navigate. There are numerous bus and taxi
options available for transportation. The population of the Loja area is approximately
215,000 people [28], with a density of 93.1 people per square kilometer [29]. The city
has experienced growth in both urban and suburban areas. The capital of the Loja canton,
also known as Loja, has a population of 118,532 people [29].

2.2. Data collection

The data was gathered through the Surveyl123 app on ArcGISonline® [30] and can be
viewed on its web application [31]. The data was collected using cell phones or tablets
between December 2022 and January 2023. The information gathered includes the
number of people in each motorcycle, whether they all wore helmets, if the helmet was
fastened, the demographics of the passengers (adult, elderly, child, infant), and if there
was any rider distraction as seen in Table 1. Other details recorded were the type of
vehicle (delivery, particular), the date, time, and location.
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Table 1. Set of variables in this study

Variable type: factor

Day of week

Type of vehicle

Rider type

Copilot type

Extra type

Road type

Infractions'

£ 90 (6.3%)
£ 27 (1.9%)

£ 151 (11%)
: 241 (17%)
: 287 (20%)
£ 302 (21%)
: 323 (23%)

~N NN AW~

Delivery 439 (31%)
Particular 982 (69%)

Adult 1,321 (93%)
Elderly 100 (7.0%)

Adult 381 (27%)
Elderly 12 (0.8%)
Child 75 (5.3%)
NA 953 (67%)

Adult 6 (0.4%)
Infant 14 (1.0%)
Child 36 (2.5%)
None 1,365 (96%)

Avenue 433 (30%)
Street 988 (70%)

001 27 (1.9%)
100 152 (11%)
c101 339 (24%)
110 190 (13%)
cl11 713 (50%)

47

Variable type: numeric

min max median mean

inline hist

Hour
Number of occupants

Distance from city center (km)

0 23 16
1 3 1
0.03

13
1.37
4.25

0.6 0.972

L ml
l_-;
| I

'The categories of the infraction variable (n00, n01, n10, n11) are defined in data processing section.

2.3. Data processing

Initially, any incomplete or mismatched responses were removed from the database,

resulting in a decrease in the amount of data from 1672 to 1421. Subsequently, to

investigate hazardous rider behaviors, the data was categorized into five groups and
labeled with descriptions and decision trees for ease of analysis. The categories are as

follows: 1) c001: The rider does not use a helmet and does not get distracted by the
cellphone, ii) c100: The rider uses a helmet but does not buckle it and gets distracted by
the cellphone, iii) c101: The rider uses a helmet but does not buckle it and does not get

distracted by the cellphone, iv) c¢110: The rider uses a helmet, buckles it, and gets
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distracted by the cellphone, v) c111: The rider uses a helmet, buckles it, and does not get
distracted by the cellphone.

The most hazardous set of conditions is when both "c001" and "c100" are present,
while the safest is "c111" which represents motorcyclists who wear helmets properly,
fasten them securely, and avoid using their phones while riding. The other conditions fall
somewhere in between, with at least two risky behaviors not being followed.

2.4. Data Analysis

The data analysis consisted of two parts. Firstly, a description of the five conditions was
performed, which involved considering several factors such as day of the week, time of
day, mode of transportation, number of people in the vehicle, demographic data, type of
road, and distance from the city center. Secondly, the relationship between the conditions
and these factors was examined to identify the most significant contributors to the
conditions, particularly the riskiest behaviors. The analysis was carried out using the R
statistical software [32] with the RStudio interface [33], and the decision tree technique
was applied using the recursive partitioning algorithm of the RPART package [34]. To
identify patterns that significantly improve the model's overall quality, the CARET
package [35] was used, and a training dataset was established to determine the optimal
complexity parameter or "cp". To achieve this, the database was randomly divided into
two groups in a 70/30 ratio. The first group, consisting of 70% of the database (997
observations), was used to train the decision tree model, while the remaining 30% of the
database (424 observations) was used for model validation. Once the optimal cp was
identified, the classification tree was constructed, variables of importance were identified,
a confusion matrix was performed to validate the accuracy of the model, and the AUC
(Area Under the Curve) was calculated to determine the ability of the trained model to
classify the information. The AUC results were categorized based on the following
intervals: 0.5: randomness, 0.5-0.6: poor, 0.6-0.7: fair, 0.7-0.8: good, 0.8-0.9: very good,
0.9-1: excellent. These steps were taken to ensure the accuracy and effectiveness of the
model regardless of the algorithm used or the scale of the predictor variables.

3. Results

This section presents descriptive and inferential statistical analyses to identify factors
that impact compliance rates of motorcycle riders in a city. These findings could inform
policymakers and stakeholders in improving compliance rates and reducing risks
associated with motorcycle riding.

3.1. Stage 1: descriptive statistics

Figure 1 displays the descriptive statistics for the five conditions. Despite the lack of an
observable relationship between compliance and the rider, the data shows that Sunday
has the highest non-compliance rate of the five observed behaviors. Additionally, several
factors appear to impact compliance rates, such as the presence of an extra occupant, the
type of motorcycle, and proximity to the city's economic center. Interestingly,
compliance is higher when the co-pilot is a child or when the extra occupant is an infant,
while non-compliance is more likely when the rider is alone or with an elderly adult or
when the extra occupant is an adult. Furthermore, delivery motorcycles have higher non-
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compliance rates than private motorcycles. Although there is no trend regarding the time
of day, the combination of infractions known as C100 is concentrated between 14-21
hours when it occurs. It is worth noting that there are more C001 infractions on the street
than on the avenue.
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Figure 1. Descriptive statistics of the five conditions of risky rider behavior. c001: The rider does not use a
helmet and does not get distracted by the cellphone. c100: The rider uses a helmet but does not buckle it and
gets distracted by the cellphone. c101: The rider uses a helmet but does not buckle it and does not get distracted
by the cellphone. c110: The rider uses a helmet, buckles it, and gets distracted by the cellphone.c111: The rider
uses a helmet, buckles it, and does not get distracted by the cellphone.
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3.2. Stage 2: inferential statistics

In the second stage, a decision tree was used as a model for decision-making in
classification and regression tasks. This tree-like structure shows tests on attributes, their
results, and class labels. Decision trees are used in supervised machine learning and
management decision-making to clarify choices, risks, and objectives. The ultimate
decision tree was built with the training dataset using a complexity parameter of
0.00471516, determined as the optimal selection during the model generation phase. The
decision tree for rider analysis is visually presented in Figure 2. Each branch has a final
node in the tree. The bottom nodes, represented in colors, are organized into three rows.
The bottom row displays the total percentage of the training subset (70% of the sample)
assigned to each node. In the middle row, five decimal numbers represent the proportions
of respondents in each node who selected the following infraction categories, in order:
c001,¢100,c101,c110, and c111. The upper row shows the dominant infraction category.
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Figure 2. Decision tree of the five conditions of risky rider behavior. c001: The rider does not use a helmet
and does not get distracted by the cellphone. ¢100: The rider uses a helmet but does not buckle it and gets
distracted by the cellphone. c101: The rider uses a helmet but does not buckle it and does not get distracted by
the cellphone. c110: The rider uses a helmet, buckles it, and gets distracted by the cellphone. c111: The rider
uses a helmet, buckles it, and does not get distracted by the cellphone.

Figure 2 illustrates that four out of the five conditions defined in the
methodology have been utilized. In this case, the C100 condition (the rider uses a helmet
but does not buckle it and gets distracted by the cellphone ) poses the highest risk, while
C101 (the rider uses a helmet but does not buckle it and does not get distracted by the
cellphone) and C110 (the rider uses a helmet, buckles it, and gets distracted by the
cellphone) is considered a medium risk, and C111 (the rider uses a helmet, buckles it,
and does not get distracted by the cellphone) presents no risk.

This tree shows that there is a tendency for drivers of private motorcycles to
behave in a safe way (private motorcyclists make up 69% of the training sample, of
which 66% behave safely), as well as for delivery vehicles at midnight, especially on
Tuesdays, Thursdays and Fridays (3% of the training sample, of which 66% have safe
behaviors), or from 15:00 to 23:00 in places close to the city center (less than 1.9 km),
on all days of the week except Mondays and Fridays (16% of the training sample, of
which 40% have safe behaviors).

As for the medium risk behavior (C110 or C101), it is mainly for delivery
vehicles very close to the city center (less than 1.9 km), on Mondays and Fridays (5% of
the training sample, of which 40% and 42% respectively have medium risk behaviors),
or every day when they are already more than 1.9 km from the city center (3% of the
training sample, of which 50% have medium risk behaviors), or on Sundays,
Wednesdays or Saturdays at midnight (2% of the training sample, of which 50% have
medium risk behaviors).

Finally, high-risk behavior is found for deliveries between 23:00 and 24:00 (1%
of the training sample, of which 57% have high-risk behavior), and 24:00 to 3:00 the
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next day (2% of the training sample, of which 40% have high-risk behavior), every day
except Monday and Friday.

As shown in figure 3, the AUC for the test data was 0.65, indicating that the
model has moderate discriminatory ability, i.e. it can distinguish between positive and
negative classes better than randomisation, but does not have strong discriminatory
ability. Additionally, the model's accuracy was 48.58%, and the Kappa Coefficient was
0.0912. The results suggest that the classification model exhibits limited performance,
with accuracy close to chance and a very low level of agreement (Kappa coefficient).

ROC Curve

100
|

Sensitivity (%)
g0

40

100 80 60 40 20 0
Specificity (%)

Figure 3. Area under the ROC curve (Receiver Operating Characteristic)

4. Discussion

The goal of this research was to find out what causes motorcyclists to engage in
dangerous driving behaviors in a city in Ecuador. The researchers observed riders in Loja
to see if they were wearing helmets, if their helmets were properly fastened, and if they
were distracted by using their cell phones while driving.

Delivery motorcycles have higher non-compliance rates than private
motorcycles. Delivery motorcycle riders are at risk of crashes and injuries due to the
nature of their work. study in Korea discovered that delivery riders had a higher
percentage of accidents caused by collisions with cars or other motorcycles, but their
injuries were less severe compared to non-delivery riders [36]. A study in Malaysia found
that over 50% of food delivery workers were using non-standard helmets, which
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increased their risk of injury in case of an accident [37]. These are some examples of
studies related to crashes; however, there are very few studies on compliance with the
law for delivery or private riders.

In regards to the days of the week and hours with the highest rate of non-
compliance, this study found that it was on Sundays between the hours of 2-9 pm. No
studies with similar results were found, however, there were few outcomes from previous
research. For example, motorcyclists who ride at night, on weekends, for fun, and on
well-maintained roads with many curves are more likely to commit traffic violations [38].
While 55% of respondents preferred mandatory wearing of high-visibility clothing, only
15% of daytime and 20% of nighttime riders reported actually doing so [39].

Compliance is more likely when the co-pilot is a child or when the extra
occupant is an infant, whereas non-compliance is more likely when the rider is alone or
with an elderly adult or when the extra occupant is an adult. However, it is possible that
the behavior of a passenger can affect the risk behavior of a rider while driving. The
behavior of passengers in a vehicle can either increase or decrease the chances of an
accident. A distracting or risk-taking passenger can be dangerous, while a calm and
supportive passenger can help the rider make safer decisions. There are not many studies
regarding the topic, the closest one found that the likelihood of wearing a helmet
decreased with younger age, with children under 10 years having the lowest likelihood
of wearing a helmet [40].

This study has found interesting relationships between reductions and
motorcycle risk driving. Motorcycle passengers comprise a considerable proportion of
traffic crash victims [41]. Not only because of the risky behaviors that have been
discussed but personality traits have also been found to be associated with risky driving
behaviors among motorcyclists [42]. Risky behavior can not only be caused by the rider's
own characteristics, but also by the poor state of engineering and maintenance of roads
is one of the reasons why motorcyclists tend to ignore traffic rules [43]. In a study carried
out by Zahid et al. [44] related to rider risks, it is highlighted that among the critical
points where infractions are committed, are the areas of the cities related to public and
commercial facilities, as highlighted in this study, where more unsafe behavior is seen
near the economic center of the city.

The study has limitations due to a small sample size and data only being
collected from one city in Ecuador, which may not represent the entire country. The
analysis only focused on three behaviors related to motorcycle safety: if the riders use
the helmet, buckle the helmet, or get distracted by the cellphone. Future studies should
expand the research to include more cities and regions in Ecuador, larger sample sizes,
and additional risky driving behaviors, benefits of a model that helps to more accurately
predict the behavior of drivers on the road are evidenced [45]. Similarly, is important to
study the behavior of drivers associated with new technologies such as assisted driving
in new generation vehicles [46]. It would also be useful to investigate the effectiveness
of road safety campaigns and laws aimed at reducing risky driving behaviors among
motorcyclists in Ecuador.

5. Conclusions
In conclusion, this study identified factors associated with risky driving behaviors among

motorcyclists in an urban setting in Ecuador, fulfilling the stated objective. The results
showed that non-compliance with helmet usage and distracted driving were the most
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significant factors contributing to risky driving behaviors. Compliance rates were
impacted by factors such as the presence of an extra occupant, the type of motorcycle,
and proximity to the city's economic center. Delivery motorcycle riders were found to
have higher non-compliance rates than private motorcycle riders. The study also found
that Sundays between the hours of 2-9 pm had the highest rate of non-compliance. These
findings can inform the development of road safety campaigns and the enactment of laws
to reduce motorcycle accidents and improve rider safety in Ecuador. Further research is
needed to explore the impact of passenger behavior on rider safety and compliance with
helmet usage laws.
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