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Abstract: The purpose of this study is to evaluate the fiiegeoApriori association rule mining algorithmdiassify and
predict the severity of the 718,565 accidents g freight transport vehicles in Mexico, whichcoered between 2009
and 2018. The accidents were classified into thasahich there was only material damage or injupsbple
{Severity=0} and in those in which people died {®eity=1}. 115 association rules were obtained, @@asponding to
non-fatal accidents, and 36 to fatal ones. The rfadtors associated with the severity of the actithelong to male
subjects, involved in accidents that occur on wedkeand in suburban areas, and where the propadifilihe accident
being fatal is 1.69 times greater. Thus, the resflusing the association rules to relate demdigegnd circumstantial
characteristics of the accident with the severitthe injuries show an accuracy of just over 65%erEfore, despite the
limitations that may occur due to the omissionedévant variables, and the fact that the resuttsvsittle precision, the
feasibility of using machine learning techniqued,apecifically, the association rules as promisaus to help analyze
accidents and help launch road safety interventiom® effectively is manifested.

1 Introduction Mexico are very limited and it hasn't been deeply

In Mexico, each year over sixteen thousand peaple dnvestigated about the groups and characteristidsvers
as a consequence of a road accident []_]' th|w|eq 132 in road freight flows which have particularly hlgbks of
deaths per million inhabitants, which is why thisuse accident [9]. In this sense, the data have beetedasd,
represents a severe problem of public healthcar@S @ result, their potential has been limited ie th
Regarding, this country, diverse studies have bealized elaboration of public policies or in business pewgs for
in order to analyse the trend of deaths and irjudé accident prevention. _ . _ _
motorbikes, bicycles, drivers and pedestrians,elkagthe ~ The great amount of available information requires
prevalence in the use of helmet, safety belt oohait applying interdisciplinary methods of data analyafsl
consumption, among other subjects about risk fad@r realizing studies of an explanatory-casual kind,
4]. As far as accidents in road freight transpiartpgistics ~ 9eneralizing behaviors or making inferences in sual
activities, over 2500 deaths per year are acknayelddand that the patterns of relationships between theabes
the accidents are recorded by the National Inetinft could be acknowledged and extract a better undiefisig
Statistics and Geography [5] and the Mexican latipf ~ Of the high volume of data. Under this contexs tieisearch
Transportation [6]. started with the purpose of identifying explanatany

The records include genera| characteristics of th@edictive variables of the fatalities of the roﬁdight
accidents, in which the types of vehicles are idety as transport, in which the flow of goods takes plaul as a
well as the behavioral and socioeconomic data frieen Case study of the statistics of Land Traffic Accitiein
injured people. However, despite the great deal &rban and Suburban Zones (ATUS) of the INEGI.
information, the data analysis reduces to the dmiser Multivariate analysis techniques were attemptedider,
statistics, and only in some case of correlationahner the assumptions were not met, or the data did intef
[7]. Likewise, though in international literaturet risk models. It is how it was thought to use machinerlieg
factors of road accidents have been widely [8]réisearch techniques and, in order to predict the severityraffic

about road accidents of road freight transportaiion accidents in freight transport in Mexico, the swpsed
technique of association rules with discrete labels used
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to relate the variables of accidents with the dgvef the are several studies that use techniques such ecatsm

injuries, that is to say, whether or not it wasfat rule mining (ARM) to identify sets of attributes dan
subgroups with a higher probability of severitytiaffic
2 Literaturereview accidents [14-16]. Yao et al. [17] found with ARN&t the

Techno]ogica| advances in sensors, positionin@ehaVior of road users, vehicle factors, geometric
Systems' information collection devices and, in @ah characteristics of the road and environmental dard
smart devices connected to communication networiée among the factors associated with severe draffi
provide a large amount of data in all areas arigiies on ~ accidents. Likewise, Feng et al. [18] found a sjron
the planet. In this sense, transport is one ofatttivities ~correlation betwe;en accidents and environmentabfac
with the greatest number of applications; this i§Peed, and location. _ o
demonstrated by Tang et al. [10] who conducted/iewe anetheless, the studies that use association mles
of the Big Data literature in forecast research touhd identify sets of factors that determine the seyedt
that, in addition to a rapid growth in the numbdr oaccidents show the importance of carrying out aresyn
investigations, about 16.55% of the so-called Haitsp geographical locations, with different cultural ttars, and
correspond to transportation issues, and 11.38 waffic  for each of the types of transport. Thus, for examp
forecast models. another study analyzing motorcycle accidents witkiVA

Therefore, it is not surprising that there are mamel in Australia [19] shows that among the factors wéth
more records and information on traffic accidentd)igher probability of severe injuries are the satin with
transport systems and logistics activities, whiemeyate @ truck or a static object, the accident whilertgyto pass
more research on the application of Data Scienpesict, & car or with a vehicle from the opposite directiand
classify and identify the causes of incidents wihw during certain periods of the day, either duringlyea
models and techniques that improve prediction ad@orning or late at night. While Das et al. [20] fiouthat
information on future prospects in complex situasio lighting conditions, vehicle turns, and the agegeamf

without linearity or seasonality. pedestrians 45 years and older, are frequentleptésthe
In this sense, to try to explain the behavior afdents, factors determined by the association rules. _
all kinds of machine learning techniques have hessu. However, even though these methods have been in use

For example, Iranitalab and Khattak [11] used Nhaithial ~ for several decades, there are still relatively séudies on
Logit (MNL), Nearest Neighbor Classification (NNC),the severity of road accidents. In this way, theerbity of
Support Vector Machines (SVMs) and Random Forestactors determined by the region and culture make i
(RF) to predict the severity of traffic accidenasid they Significant to investigate the elements that inflce the
conclude that NNC had higher prediction accuracy ipeverity of traffic accidents, the different roasers, and
general and in the most severe crashes, the RB¥Rts the various types of transport; in order to provide
methods followed with sufficient performance, white Perspectives that help understand the causes sétieeity
MNL method was the weakest. of injuries, and develop initiatives and effectipablic
On their behalf, Arhin and Gatiba [12] used GaussiaPolicies that help reduce the severity and deaibsed by
naive Bayes classifiers and support vector machin#ffic accidents.
(SVMs) algorithms to predict the severity of inpsi
caused by accidents at intersections without trdijints. 3 ~ Method
Although the first technique had very low perforrean Open data corresponding to the period between 2009
with an accuracy of 48.5%; with the second, SVMseyt and 2018 of the statistics of Land Traffic Accideiim
achieved an accuracy of 83.2%, so they concludaittae Urban and Suburban Zones (ATUS) of the National
models can be applied by transportation officiabs tinstitute of Statistics and Geography [5] were us@én
recognize and perform necessary mitigation actiahs annual files were collected, for which a total (889,989
collision-prone intersections. records of traffic accidents were accumulated.cidims
Das et al. [13] also made predictions for injuryeséty  involving a cargo transport vehicle were selectanld
in pedestrian-involved crashes in two cities in theted participate in the flow of goods, giving a total8§1,172
States and evaluated three algorithms: supportorvectecords corresponding to 22.9% of the total.
machines (SVMs), random forests (RFs) and Extreme Specifically, for the selection of these records t
Gradient Boosting (XGBoost). In this study, diffete variable type of vehicle was used, which INEGI [21]
levels of precision were found for each of the eatdd classifies into thirteen categories, and among lwkiere
cities and the different algorithms; for SVMs 0.62&nd are three types of vehicles dedicated to the gdlots
0.5849, for RF 0.6250 and 0.5769, and for XGBoostargo vans, with a capacity of up to one ton; cangoks,
0.7059 and 0.66. Thus, the best performance wathéor which carry between one and five tons; and tractittsor
XGBoost algorithm. without a trailer, which transport more than fivang of
These studies show that there is no clear hieras€hy goods. After discarding the null records, the dasabon
methods in terms of their performance in predicting cargo accidents for the study decade consisted&685
severity of injuries in traffic accidents. In addit, there
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records, 7,464 classified as fatal accidents {Sewel}
and 711,101 as non-fatal {Severity=0}.

Subsequently, with multivariate analysis technigaes
attempt was made to identify explanatory or prégict
variables of fatalities in freight transport; howeythe
assumptions of normality,
multicollinearity, or the nature of the variablegre not

the patterns obtained in the sets of elements Xghwdre
called antecedents or Left-Hand-Side (LHS), camded
to predict the class of unclassified records Y,lechl
consequential or Right-Hand-Side (RHS). In addititwe
Arules package outputs a diversity of rules, witkeitt

homoscedasticityrespective confidence (1), support (2) and liftv@ues, to

quantify the statistical strength of the differgutterns.

met; even some methods of interdependence froze fhike software internally calculates the parameteith w

computer. Given the binary nature of the main \@deia
which refers to whether there were fatalities i tieight
transport accident, it was considered to use biluigtic

regression. However, even though the global pratisias
76.5%, the sensitivity had a very low value (1.88&6)] the
total goodness of fit (P <0.001) showed that thta da not
fit the model.

This is how it was thought to use machine learning

techniques and, with the objective to predict tnesity of
traffic accidents in freight transportation in Megj the

formulas such as the following:

Confidence({X} - {Y}) =

Transactions containing both X and Y (1)

Transactions containing X

Support({X} - {Y}) =

Transactions containing both X and Y (2)

Total number of transactions

Lift({(X} - {¥Yp =

Supervised technique of association rules was uised (Transactions containing both X and Y)/(Transactions containing X)

investigate among the variables related to thditiatin
traffic accidents of vehicles that execute the 8afgoods
by road.

4  Association rule mining

The Arules package, created by Hahsler et al. 23]
used for the
provides a basic data analysis infrastructure ribsilts in
a set of elements and association rules [23] witheaiface
capable of processing the Apriori algorithm progbbg
[24].

Essentially, the algorithm consists of analyzirsylbset
of elements contained in the attributes, which gise to a
rule defined as an implication of the form if=XY; where

programming environment, R. Arule

Fraction of transactions containing Y

(3)

For the case study of this research, the Apriori

algorithm was executed with variables from theistias
of Land Traffic Accidents in Urban and Suburban &on
ATUS), which includes aspects related to peop®:and

ge; behavioral variables: alcoholic breath andafiseat
belt; temporality variables: related to the morftthe year,
the day of the week, and the time of day; and dr@bles
related to the road, which include the region eftbuntry,
and whether or not it is an urban area. The var@atiiat
were used, and their discretized values are shawthe
following (Table 1).

Table 1 Definition and categorization of variables

Variable Descriptior

Values

Se» Sex of the drive

Alcoholic Evidence of alcoholic bree

Belt Usage of safety be

Regior

Seaso

Time

Time of day when the accident happened

Region of the country where the accident happened

Season of the year in which the accident happened

Male

Womar

Yes

No

It is ignoret

No

Yes

It is ignorec
Northwest Zon
Northeast Zor
Occident Zon
Center Zon
Southeast Zot
Spring

Summe

Fall

Winter

From 00:01 to 05:
From 06:00 to 11:£
From 12:00 to 17:£
From18:00 to 23:5

A OWONREPRARWONPFPORRWONPEPWROWNEDNEPRE
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Weeken Day of the week in which the accident happened From Monday to Fride
Saturday and Sund
Suburban Zor

Urban Zon

From 1 to 20 years c
From 20 to 30 years ¢
From 31 to 40 years ¢
From 41 to 50 years ¢
51 or olde

Non-fatal

Fata

Urbar If the accident happened in Urban Zone

Age Age Grou|

Severity Severity of the accident

P OUOPRRWNEPPFPLPONER

Thus, considering these variables, it is sougbkpbain  the code in the supplemental material); and ancitiesr
the severity of the accidents. For this, the resomdre compares and quantifies the rules with the valdethe
classified in which there were only material dansgage cases, in such a way that it is possible to knoichvbases
injured persons {Severity=0} and in which there ger meet one or more of the rules (function RuleVsQases
deceased persons {Severity=1}. In this sense, fier t The number of rules per case was considered as the
prediction of fatalities in traffic accidents inefght classification threshold, which is why the sengiiv
transport in Mexico, the consequences that refer &pecificity and precision of the model were calteda
accidents in which there were deceased persons wemmnsidering from the fulfillment of one and up ¢m tof the
filtered {Severity=1} and their statistical factonsere rules in each record. Once the number of rules that
analyzed , to determine the antecedents with thherpa presented the best indicators for classificatiod haen
with the most significant associations. established, the prediction of the group belongmghe

Previously, the variables were decodified anthitial set that contains all the records in whigtcargo
established discretely and encode as a factor.vba a vehicle was involved was made and; based on thisfse
overfitting and rebalancing the classes betweeanl fatrules, the variables related to the level of séyef the
{Severity=1} and non-fatal {Severity=0} accidentgist accident were established. The R code and data, used
over one hundredth of the non-fatal records (n=3),#4@&s including all commands and functions to generate al
randomly selected. These were combined with fatatsults, graphs and figures shown in this documenmt,
accidents (FatalAcc; n=7,464) to form a database amcluded in the supplementary material.
rebalanced load accidents (Accdf_Rebalanced).

To monitor the algorithm, the rebalanced data s& Results
(n=14,927) was separated into two groups: the first By applying the Apriori algorithm on the trainingte
(Accdf_train), denominated as the training setmade up  (with parameters support = .1, confidence = .5)5 78
of 70% of the records, and; the second (Accdf_tiést) association rules were obtained. After applyindfilter on
contains the rest of the data (30%) and, was naheetbst the RHS to consider only accidents according to the
set. Therefore, using the training data, the Apriogategory of whether there were {Severity=1} or not
algorithm was executed and the rules and associatgkverity=0} deceased persons, a total of 115 rulese
parameters were obtained. However, given that wlat optained, 79 associated with accidents where tvere
sought was to identify regularities between thded#int ot deceased persons, and 36 where there weraeFigu
variables and the accidents where there were deteagshows a graph that considers the support (in #eedithe
persons {Severity=1} or not {Severity=0}, a filtawas spheres) and the lift (according to the intensithe color)
applied on the consequent, to only consider theiséed to  and it can be seen that, despite not having casesvboth
the accident fatality variable (Severity). values are high, there are combinations whereitfatain

Subsequently, using the test data and, to deterthée cargo transport {Severity=1} show high lift or hig

number of rules that each of the records meet, tW@ipport, so it can be inferred that there is aoetiles
functions were used: one that fragments the rutes awhere fatalities are an important Consequent_

serves to identify the values of the differentiltties that
integrate each of the rules (function ruleSepamnatiom
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Figure 1 Association rules graphic

Likewise, while inspecting the rules it was fouhdtf 1.69 times greater. The antecedents and conseggiefc
for example, when the driver is male, the accideurs other rules, as well as their associated paramegerde
on the weekend and in a suburban area, {Sex = ékével seen in (Table 2).
= 2, Urban = 0} the probability that the accidenfatal is

Table 2 Some association rules and their associpéedmeters

LHS RHS Support Confidence  Coverage Lift Count
{Weekend=2,Urban=0} => {FatCar=1} 0.127459 0.862887 0raz 1.700279 1309
{Sex=1,Weekend=2,Urban=0} => {FatCar=1} 0.123661 0.8881 0.143427 1.698897 1270
{Sex=1,Urban=0} => {FatCar=1} 0.234177 0.847129  0.2764361.669228 2405
{Sex=1,Weekend=1,Urban=0} => {FatCar=1} 0.110516 0.8888 0.133009 1.637236 1135
{Weekend=1,Urban=0} => {FatCar=1} 0.114703 0.825508 (238 1.626625 1178
{Sex=1,Alcoholic=2,Urban=0} => {FatCar=1} 0.106134 04961 0.133593 1.565447 1090
{Alcoholic=2,Urban=0} => {FatCar=1} 0.109542 0.791696 138364 1.560000 1125

The occurrence in suburban areas, gender, thefusetimes in the different rules; This can also be sedfigure
the seat belt and the season of the year in wiieh t2, where a graph of support bars by frequenciehasvs
accident occurs are attributes that are repeatedrade with the ten elements that are repeated the most.
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Figure 2 Frequency bar plot

Nonetheless, it is known beforehand that theseases, obtained the values indicated by the as®ocria
variables represent risk factors and that, theeefthiey rules, in addition to quantifying the number ofewsilthat
increase the probability that the accident is @jen itis are fulfilled per case. The histogram of Figuren8vgs the
sought to identify the elements that are relatefdtaities frequency of the rules associated with accidentth wi
in freight transport accidents, the function toegepe rules fatalities and the frequency presented in thedaist, it can
(ruleSeparation) and another to compare with tteesa be seen that, for eight rules per case, the hidrezgiency
(RuleVsCases) was used. With these functions, & waf fatalities in vehicle accidents is presentedigfie
possible to identify whether the variables, forrea€ the involved.

o
o o
—
o
=
o
&
c |
@
-]
[ D -
. O
II("'J
o
E_
o
l T I T T |
0 5 10 15 20 25

Number of rules by cases
Figure 3 Histogram of the number of rules per case

In this way, eight or more rules are proposed psec {Severity=0}. Thus, by applying the rules to thettelata
to determine the discrimination threshold and,ef@e, if and classifying the cases that are within the tiolels the
the forecast of the cases will be establishedfatahload confusion matrix can be established (Figure 4).
accident {Severity=1} or as an accident withoutfiies
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Predicted
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2 True Positives (TF)
D 1509
o
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2 True Megatives [TN)
= 1303
L]
=

Figure 4 Confusion Matrix for the threshold of 8ropre rules

In addition, if the sensitivity, specificity andgmision
of the predictions are graphed with different thadds
according to the number of rules, Figure 5 is ofadi In
this, it can be seen that near the eight rulesqes is where

the balance between the value of the sensitivitythat of
the specificity is obtained; and values of 0.67 @tained
for the sensitivity, 0.62 for the specificity, aB@5 for the
precision.

o
— o ——
.""—-—_—_.,____--
Iq...______-.
@ | ——
p -‘\ .
. -
\. ":"'_:‘., =
-og © | P .-oo';-K-
o |\ meam== === -
g P PR .- » ’-‘.. \-
o -
< _| -
o -
-
- Sensitivity
- — Sensitivi
N - --- Specificity
= - e Precision
—
- -
[ Rl I I I I I
2 4 6 8 10

Number of rules
Figure 5 Sensitivity, specificity and precisiortto model by number of rules per case

6 Discussion and conclusions of goods. However, in Mexico, there is a gap inigeat
Every day the use of technologies that recortpvestigation methodology, as most investigatioms a

information is being integrated and, therefore,aggé based on traditional statistical methods.

amount of data on transport and the supply chaivities Thus, it is highlighted the importance and growthtt

is being accumulated. Most of the databases are mta mining and different machine learning techesqu
analyzed in their entirety, they have non-lineafave had to discover patterns, generalize behawiods

relationships, the models are of the non-determiinis make inferences that help to understand trafficdacts

polynomial-time hardness (NP-hardness) class antte-  better; among which there are, for example, neural

analyzes are short-range. networks [25], regression trees [26] or text mining
The analysis of traffic accidents is an essendisk for Techniques [27].

freight transport companies, and avoid breaks énftibw
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In addition, the use of machine learning technidees
become cheap and easy to apply due to free softaach
as R or Python, which include libraries and funwiohat
form a very flexible and extensible work environmemd
that make it possible to systematize in a condiasis the
analysis of information.

the flow of goods that are transported by road. Srategy
could be the development of road safety campaigns i
which the factors and attitudes that drivers cairy and
that lead to accidents are disclosed. Kolter [28]Jdates
that a campaign to change social behavior mustagont
some guidelines such as identifying the objectite

In this study, an extensive set of data on traffiactors that prevent the negative attitude of thepte to

accidents in Mexico is used and the Apriori aldortof
association rules is applied to predict the seyeoit
accidents in freight transport. The results of gsthe
association rules to relate
circumstantial characteristics of the accident witle
severity of the injuries show a precision of jugi65%.

It can be inferred that the level of imprecisionynte
due to the nature of the variables; given thatelerds are
retrospective and were not specifically designedassify
their severity. For example, in the internationtdrature
there are well-known risk factors regarding theéase in
the severity of the accidents; These include treedmt
which the vehicles circulate, weather conditionshsas
rain, snow or fog, ergonomic conditions of the et
psychosocial factors and the drivers' days, amdhgro
working conditions that are not included in theatiaise
and which may be omissions of relevant [8,9].

The use of association rules is an alternative, that
addition to indicating the possibility of an acaideue to

whom the campaign is directed, validation and feellb
execution, monitoring, and campaign evaluation.
general, in Mexico, there are very few efforts tvete are

In

the demographic anckry few campaigns dedicated to the self-transportaf

cargo, rather they are dedicated to cars to avouingd
under the influence of alcohol, fatigue, or for tise of seat
belts.

Thus, with the information resulting from these
analyses, and if this type of model is used, it g
possible to establish categories that integrate no@m
arguments and that contemplate both physical, atsmi
biological, and mechanical risks; demands derivedf
the organization and technical division of labonda
elements related to psychosocial and behaviorabifac
With this information, alternatives should be saugtthe
media that are accessible to professional driversng
these could be social networks, the radio, traicimgrses,
the facilities where they load and unload, or whitey
process their driver's licenses. It is also imparta use the

the exposure to some risk such as the odds rafios mass media and place billboards on-road sectionas as

traditional epidemiological methods, can be used
classify individuals with a set of characteristicsvho are
found under specific circumstances or patternsréfbee,
despite the limitations and the fact that the tsssthow
insufficient precision, the association rules apeamising
tool in the analysis of traffic accidents and, #iere, to
provide elements that contribute to launching weations
of road safety more effectively, and that at theesgime

tgraphic means of advertising information.
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allows the correct flow of merchandise in logisticRefer ences

activities.

It is proposed to use machine learning algorithms i

companies dedicated to the transport of goods datla
collected according to a theoretical framework @k r
factors in freight transport. In addition, the goaf drivers

who carry out their journeys without mishaps must b

included to establish the variables and charatitesisf the
protective factors. In this way, characteristics thé
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