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Abgtract: One of the significant challenges that the wasldanfronting is road traffic accidents. The aintho$ study is
to determine the key factors contributing to t@éfollision accidents and to utilize an ordinalresggion model to identify
the factors that contribute to accident severityisTwill be achieved by fitting a suitable equatiossed on a dataset
obtained from the Traffic Institute's databasettieryear 2021. The findings from the ordinal ldgistgression analyses
indicate that weather conditions, road surfacegdfienit and illumination levels are significantfars that contribute to
the severity of crashes with p-values of 0.00338,@.025 and .002 respectively. Hour of the day,af the week, week
and governorate are insignificant in collision detits in Jordan in 2021. In this comprehensiveystmdraffic collision
accidents in Jordan during 2021, our analysis dasaled some significant findings. Our data indisghat the peak
period for traffic collision accidents was betwelgh00 to 18:59, and Thursday was found to havéigieest number of
incidents. In terms of the month, July recordedHighest number of accidents. It was also notetlAhaman had the
largest share of accidents. These findings highligé need for increased awareness and strictercemhent of traffic
regulations during peak periods and in high-rigaar

1 Introduction sample consisted of all recorded collision accislextross
The prevalence of traffic accidents and their tisyl Vvarious governorates in Jordan during the studpgeand
fatalities, injuries, and associated social andnemic the data included information on the date, timeaton,
impacts represent a major challenge for nationsdmade. ~and severity of the accidents, as well as the fadtoat
Collision accidents are defined as incidents invgjthe contributed to them. To analyze the data, desespti
interaction of two or more vehicles and their driye Statistics were used to identify the frequency and
caused by factors such as violation of traffic l'ag'unsi distribution of collision accidents by time of da{yeather
failure to yield, driver distraction, and drivertifue. In conditions, and other factors. Additionally, logsst
2021, approximately 1 million car accidents tooligel in  regression analysis was used to identify the factbat
Jordan, leading to 589 fatalities resulting solédlgm Were significantly associated with the severityirgfiries
collision accidents [1]. sustained in the accidents. _ _

As a result of the surrounding circumstances, Jorda Overall, this study provides a comprehensive ailys
has experienced a Significant increase in popuﬂm’m of traffic C0|||S|0n_ aCCldentS-ln Jordan and |dG.BB key
vehicles, leading to a discrepancy in traffic aeaidrates factors that contribute to their occurrence anesgu The
despite preventive and remedial measures takemlbljcp findings of this study can inform the developmerit o
security departments. targeted interventions and policies aimed at reduthe

A quick look at the results of road accidents irdda  incidence and severity of traffic collision accitenin
in 2021 shows that 160,600 accidents occurred,higtw Jordan.

11,241 were serious, resulting in 589 fatalitiesl 837 ) )

severe injuries, 6,325 moderate injuries, and mhor 2  Literaturereview

injuries, with a monetary cost estimated at 320ionil Extensive research has been carried out to determin
Jordanian Dinars [1]. the foremost factors that lead to different acdidgpes,

The study aims to identify the key factors thasuch as collision accidents. Han [2] conducted ualyst
contribute to traffic collision accidents acrossriwas utilizing a black box camera mounted within vehicte
governorates in Jordan and their relationship thighlevel assess the level of damage and circumstances sdimgu
of injury severity. traffic collisions. He discovered a cost-effectivethod

To achieve the study's aim, a comprehensive asaly$or predicting and preventing collision accidert$inding
of traffic collision accidents in Jordan was conéddc The that represents an improvement over traditional
study analyzed data from the Jordanian Trafficititgl's approaches. Didin et al. [3] studied previous ssdi
database on collision accidents that occurred #12The focused on rear-end collisions as a try to conegatin the
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main risk factors that affect crash accidents. Tleeynd vehicles resulted in higher probabilities of deaithe
that there were many factors that led to rear-efisions, findings can be used to develop policies and
such as: the behaviour of driving, retarding andountermeasures to prevent and reduce the see€M{L
acceleration, headway time and collision time. H&h rear-end crashes. Yang et al. [10] utilized datenfthe
presented a new approach to make a full analysia ofChinese National Automobile Accident In-Depth
collision between vehicles. The approach was intted Investigation System to develop a prediction mddel
because of the difficulty of gathering accurateinfation. traffic accident severity. Using random forest, ythe
As a result, the method used a vector as a maiorfae  identified seven important accident features, iditlg four
define many relevant factors, such as the directiod new features not previously ranked. The optimizedieh
speed of a vehicle, and then present qualitativesulted in higher accuracy for predicting traficcident
calculations. A. Rakhonde et al. [5] presentedwa sraart  severity. Infante et al. [11] analyzed daily roadfftc
vehicle system to detect collision accidents andhitob accident (RTA) data from 2016 to 2019 in a disto€t
pollution. They found that the response time fodival Portugal to identify the determinants of the typeRGA
cars was reduced while the sensors were instafieith@ (collision, crash, or pedestrian running-over). Btedy
tires and they were able to alarm for the collistoash in  found that geographical, meteorological, time ofy,da
different directions. Yang et al. [6] designed awne driver and vehicle characteristics, and road chearsstics
algorithm to detect vehicle collisions during dngibased were significant determinants. The authors compared
on using Android installed on smartphones. Theguiace several machine learning algorithms, and found that
was to send all the information to the preset neatilmber combining these with ROSE for class balancing impdo
when the collision is detected and the camerasstestk their performance, with random forest performing tiest.

by taking an instant photo and sending it to thmioer. Li et al. [12] aimed to predict the severity of ffi@
Darwish [7] investigated the factors that influenae accidents on mountain freeways using machine legrni
driver's decision to either stop at intersectionsamtinue algorithms. Four models were constructed using SVM,
driving without stopping. Results showed 48% ofrdrs DTC, Ada_SVM and Ada_DTC, and RF was used for
stopped completely, with female drivers and buseds feature selection. Rainfall intensity, collisiompg number
stopping more often. Driver age and compliance wiitip  of vehicles involved and road section type werentbto
signs were directly proportional. Cheng et al. {8ed be important variables. The combination of Ada_Sat\
statistical analysis to construct discrete choicaleis to RF achieved the best prediction performance, wai9%
investigate the impact of multiple factors on crasherity and 88.4% prediction precision and accuracy, resgby.

on a freeway in China. Based on 1154 accidentssttity

found 11 significant factors affecting crash seyeri 3 Methodology

including driver gender and age, vehicle type, road Data on road traffic accidents that occurred betwee
conditions, and lighting. The results can be usatet’elop  january and December 2021 were gathered frometiie tr
targeted proposals for improving traffic managemeninstitute, which, among its various responsibititikeeps
Prajongkhaa et al. [9] investigated the causesijofies records of all accidents and crash-related infoiomat
and deaths resulting from motorcycle rear-end sioltis  including the degree of injuries sustained and @ryp

and analyzed factors contributing to their seveetiel in - damage. These statistics are published annuasiytmsoft
Thailand. The study found that perception failu@swthe and hard copies.

primary contributing factor and that collisions kvjtarked
° .
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Figure 1 Independent variables
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This comprehensive study encompasses

all Level of Severity

governorates in Jordan, divided into twelve digtinc

segments. Several critical variables will be métiaaly
analyzed, including the hour of the day, day of ek,
monthly trends, governorate location, weather s,
road surface state, speed limit, and illuminatiemels
(Figure 1).

Hourly recordings of the time of day were meticigu
gathered, as well as daily recordings of the dafie@fveek,
covering a comprehensive range from Saturday takri
All
meticulously included in the study.

twelve governorates and twelve months were

- 01 Fatal
l ' 02 Severe
03 Moderate

v Minor

Figure 2 Types of level of severity

The weather conditions were thoroughly evaluateti ary Result and discussion

divided into six categories, including clear skightwinds,
frosty, foggy, dusty, and rainy. The road surfameditions
were meticulously analyzed and sorted into seveguen
categories, including arid, frosty, glacier, sanayly,
clayey, and muddy. The speed limit was further diidi
into nine distinct groups, while the illuminatioevkel was
categorized into six separate types.

Following data collection, statistical analysis wa
performed on the exported data using SPSS. Theitgeve

level of accidents is the dependent variable is ghudy
and has been classified into four distinct categgoril-
Fatal, 2-Severe, 3-Moderate, and 4-Minor (Figure 2)

22:00 - 22:59
20:00 - 20:59
18:00 - 18:59
16:00 -16:59
14:00 - 14:59
12:00 - 12:59

10:00 -10:59 242
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08:00 - 08:59 . 218 |
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4.1 Hour of the day

A thorough 24-hour analysis was conducted to
determine the precise time frame in which collision
accidents exhibited the highest frequency of oenoe
Data analysis revealed that the hour ranging fr8m.to
18:59 had the highest incidence of collision ocences
éFigure 3).Numerous factors may account for the elevated
rate of accidents during the 18:00 to 18:59 houiope
Some of the potential contributing elements inclade
that the 18:00 hour is often marked by peak haffitras
individuals return home from work or school. Thisiiease

in traffic volume on roadways raises the risk afidents.
Additionally, decreased visibility during the sagisun at
this time may also contribute to an elevated risk o
collisions. Furthermore, driver fatigue is anotfamtor to
consider. Individuals who have been driving forlpnged
periods during the day may experience fatigue and
decreased levels of alertness in the evening, ibatitrg to

a heightened risk of accidents.

305_|

06:00 - 06:59
04:00 - 04:59
02:00 - 02:59

00:00 - 00:59

49 |
3]
32

44
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Figure 3 Collision accidents vs. hour of the day
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4.2 Day of the week

being considered the terminal day of the workwesk,

An in-depth analysis was conducted by incorporatingubstantial number of commuters strive to leavekvenid

all days in the examination, with the purpose afawering
the critical day. The results of the study indidatbat
Thursday had the highest frequency of collisioridents,
with 1137 incidents recorded (Figure 4).
contributing factor to the elevated frequency olfision

accidents on Thursday may be attributed to theeaszd potentially

return home in preparation for the weekend. Thsslis in
congested roadways and heightened traffic volunhéghw
can increase the likelihood of collisions. Furthere) the

A majoextended travel times associated with increaséficten

Thursday may lead to increased driver frustratiod a
reckless  driving  behaviour, further

rush hour traffic during the evening hours. Withufdday exacerbating the situation and contributing to tigher

FRIDAY

THURSDAY

WEDNESDAY

TUESDAY

MONDAY

SUNDAY

SATURDAY

0 200

400

frequency of collision accidents.

600 800 1000 1200

Figure 4 Collision accidents vs. day of the week

4.3 Monthly trends

from neighboring countries such as Saudi Arabia and

The results of the study, which were derived from Kuwait, using their vehicles, which results in arease

thorough examination of collision accidents oveore-
year period, indicated that July was the month wlith
highest frequency of collision accidents reportefre
5). The higher frequency of collision accidentguty can
be attributed to several factors. One potentialangtion
is the increased influx of returning expatriatestipularly

DECEMBER
NOVEMBER
OCTOBER
SEPTEMBER
AUGUST
JULY

JUNE

MAY

APRIL
MARCH
FEBRUARY
JANUARY

0 100 200

in traffic volume and congested roadways.

Another possible explanation for the increased
frequency of collision accidents in July is thegenece of
various holidays and festive events in Jordan. stimmer
season often sees an increase in road trips, family
vacations, and other travel activities, which ceadl to
higher traffic volume and a higher likelihood ofligions.
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Figure 5 Collision accidents vs. month of the year
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4.4 Governorate location the presence of a complex road network in Ammath avi
The higher number of collision accidents recorded ilarge number of intersections, overpasses, and

the capital city of Amman (2842 accidents, Figuyendy underpasses, could increase the likelihood of siofii

be due to a variety of factors. One possible exgtlan is incidents and contribute to the higher number obreed

the higher population density in Amman estimatedé¢o accidents in the city. Furthermore, the city'sustads the

over 4 million in 2021 * which leads to increaseslffic  political and economic center of Jordan could adsuilt in

volume and a greater likelihood of collisions. Atlstially,  higher levels of vehicular traffic.

TAFILAH
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MA'AN
MADABA
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JERASH
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MAFRAQ
BALQA
ZARQA
IRBID
AMMAN

0 500 1000 1500 2000 2500 3000

Figure 6 Collision accidents vs. governorate

45 Weather conditions visibility under clear sky conditions is known tacflitate
The data analysis revealed a clear trend, with tHégh-speed and aggressive driving. Secondly, dBiveay
highest frequency of collision accidents being rded in  experience a false sense of security in clear geath

clear sky weather conditions, representing a stagge leading to decreased attention levels and elevaske
96.5% of the total accidents observed in the sfidyfe taking behavior. Finally, glare from the sun in ale
7). The contributing factors behind this trend dae weather conditions can significantly impair drivers
attributed to several key mechanisms. Firstly, éased Visibility and increase the risk of collision aceits.

RAINY
DUSTY
FOGGY
FROSTY
HIGH WINDS

CLEAR SKY

| I
1 10 100 1000 10000

Figure 7 Collision accidents vs. weather conditions
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4.6 Road surface state

be attributed to the notion that drivers tend ® ffalse

It was noted that when the road surface is arid trgense of comfort and security when driving on aoiad

number of collision accident is recored as a higylel with

surfaces. The absence of visible road hazards, asiciil

a percentage of 96% (Figure 8). This phenomenoidcowor other slippery substances, can result in drigeigpting

MUDDY

CLAYEY

OILY

SANDY

GLACIER

FROSTY

ARID

higher speeds and more aggressive driving behaviors

100 1000 10000

Figure 8 Collision accidents vs. road surface state

4.7  Speed limit

lower speeds, could be due to several factordh\fireads

The observation that roads with a speed limit of 6with a speed limit of 60 km/hr are often found irban

km/hr recorded the highest incidence of collisionidents
among the 9 categories of speed limits, with a sa&5%
(Figure 9), is particularly noteworthy. The reasdny the
highest incidence of collision accidents was reedrébr
roads with a speed limit of 60 km/hr, and not highe

110 KM/H
100 KM/H
90 KM/H
80 KM/H
70 KM/H
60 KM/H
50 KM/H
40 KM/H

<40 KM/H

areas where there is a high volume of traffic amglex
road networks, which can increase the risk of sillis.
Secondly, the speed limit of 60 km/hr may not aately
reflect the typical driving speeds on these rokedsling to
an increased risk of collision as drivers may bedling at
speeds that are either too fast or too slow foctmalitions.

100

1000 10000

Figure 9 Collision accidents vs. speed limit

4.8 Illumination levels

accounting for 58.7% of all recorded events (FigLog.

It was established that, among the various illutidma The elevated risk of collision accidents can beatted to
levels, daytime was recorded as the most prevalesgveral factors. One major contributor is the iasesl
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volume of traffic during daylight hours as compated vehicle interactions, thus creating more opporiesifor

other levels of illumination. This results in a grer
number of vehicles on the road and a higher prdibabf

SUNSET

DARKNESS

SUNRISE

INADEQUATELY COMPENSATED NIGHT SHIFT
ADEQUATELY COMPENSATED NIGHT SHIFT
DAYTIME

1

collisions to occur.

10 100 1000 10000

Figure 10 Collison accidents vs. illumination levels

49 Statistical analysis

For the purpose of this research, the statisticalyais
was conducted using SPSS ver. 22. The initial deta
extracted from the traffic institute and documenite@n
Excel sheet. However, before importing the data the
software, it was necessary to carefully review prepare
it to ensure compatibility with SPSS. In this study

descriptive data analysis technique called crdsskgion
was employed to uncover, illustrate, and concisely
summarize the data points in a manner that satiafleof

the data conditions. Specifically, a cross-tabatatiable
was utilized to describe the relationship betweeaor f
dependent variables and eight independent variables
resulting output from the SPSS analysis can berebdén
Table 1, provided as an example below.

Table 1 Descriptive Cross-Tabulation Analysis of Collision Severity and | ndependent Variables

Weather Conditions

Clear sky High winds Frosty Foggy  Dusty Rainy talo
Minor Number 3763 2 2 9 5 123 3904
Percent  58.4% 40% 50% 52.9%  50% 58.2%
Collision "Moderatr  Numbe 240t 1 1 6 3 78 2491
Severity Percent  37.3% 20% 25% 35.2%  30% 36.9%
Severe Number 149 0 0 0 0 4 153
Percent 2.3% 0% 0& 0% 0% 1.9%
Fatal Number 123 2 1 2 2 6 136
Percent 2% 40% 25% 11.9%  20% 3%
Total 6440 5 4 17 10 211 6687

To ascertain the
incorporated in the model, the Chi-square t&&}) (of
independence was employed. Following this, thenatdi
logistic regression model was utilized to examime road
crash factors that are closely linked with the sgvéevel
of the crash. Any variables that exhibited a diatfly
significant association with road crash severigielgat a
significance level of 5%, were subjected to furuealysis
through the Ordinal Logistic Regression model.

relevance of variables to beamely fatal ,minor injury, moderate injury, and/ese

injury. The second variable pertains to road serfstate
and is comprised of seven categories, includirdy fnasty,
glacier, and other. A significant application oktlhi-
square test is to determine if two variables aatistically
independent, and this is known as the chi-squatedie
independence. This test analyzes the association or
independence between two nominal or dichotomous
variables. Before selecting the appropriate chiasguest

To provide an example, let's consider the studyfer association, itis crucial to inspect and asses data to

utilization of two nominal data variables. The fivariable, be analyzed.
'level of crash severity," includes four distinetegories,
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The findings of the chi-square test applied todhimset Regression model. The outcomes demonstrate that fou
are presented in Table 2. Only the variables tispiayed variables indicate a strong correlation with roadsh
a statistically significant association with roadash severity level, and their significance values wexend to
severity level, at a 5% significance level, weretHear be less than (p<0.05).
scrutinized through the application of the Ordibagistic

Table 2 Chi-sguare results for the variables include in the model

Dependent Variab  Independent Variak Value d.f. P-value
Hour of the day 11.262 23 0.351
Day of the week 2.183 6 0.125
Month of the year 25.856 11 0.256
Level of Severity Governorate 1.983 11 0.112
Weather Condition 0.65 5 0.003
Road Surface state 6.586 6 0.085
Speed Limit 51.256 8 0.025
lllumination Levels 2.256 5 0.002

To investigate whether the severity of collisiorstates that a significant association exists baiwibe
accidents is significantly linked to eight distifiattors, the severity of collisions and the different factorsisimlered.
null and alternative hypotheses were established as To investigate any potential links between level of
follows: accident severity and different factors, a chi-sguast

The null hypothesis (f) posits that there is no was performed. The study assessed eight different
significant relationship between the severity ollision variables pertaining to these factors. The resoligate
accidents and the eight different factors examinettis that out of the eight variables, four showed a ificant
study. On the other hand, the alternative hyposh@di) association with level of severity as illustrategldow in

Table 3.
Table 3 Chi-sguareresults for the significant variablesinclude in the model
Dependent Variab  Independent Variak Value d.f. P-value
Weather Condition 0.65 5 0.003
. Road Surface state 6.586 6 0.085
Level of Severity —
Speed Limit 51.256 8 0.025
lllumination Levels 2.256 5 0.002

The dataset was analyzed using the Ordinal Logistiound that only four were statistically significarithe
technique, and the results of the impact of astetia estimated3 coefficients of the ordinal logistic regression
variables on road accident severity level are mteskin  analysis are reported in the results.

Table 4. Out of the eight variables examined, thelys

Table 4 Results of Ordinal Logistic Regression Analysisfor Variables Impacting Collison Severity Levels

Independent Variable Befd( Std. Error Z value Pr(z)
Hour of the day 0.06 0.03 2.03 0.041491
Day of the week 0.24 0.03 6.32 4.69E-14
Month of the year 0.52 0.03 18.25 Less than 2e-16
Governorate -0.08 0.02 -4.05 1.92E-06
Weather Condition -0.18 0.02 -3.65 5.92%10
Road Surface state -0.22 0.04 -4.99 2.30E-08
Speed Limit 0.00 0.00 -8.36 8.49E-15
lllumination Levels 0.06 0.03 2.56 0.040326
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The results of the odd ratio and their correspandirresulting in fatal/serious/minor injury is 1.69Més higher

25% and 95% confidence intervals for each coefiicize

for weather condition and 1.800 times higher foado

presented in Table 5. As shown in Tables 5 andhé, tsurfce state. Additionally, the odds of a acciddrdmg
coefficientp for the weather condition was -0.18 and -0.22atal/serious/minor is highest for hour of the dewth a

for road surfce state, with odds ratios of 1.69d &800,
respectively. This indicates that the likelihoodao€rash

1.656 times higher likelihood compared to day efiteek.

Table 5 Odd ratio values and confidence interval

Independent Variak Odds Ratio (OF 2.5% 97.50%
Hour of the da 1.65¢ 1.59¢ 1.66¢
Day of the wee 1.291] 1.21¢ 1.37-

Month of the yee 0.83¢ 0.75¢ 0.92¢
Governorat 0.91¢ .0.88: 0.95:
Weather Conditio 1.691] 0.64¢ 0.73¢
Road Surface stz 1.80( 0.78¢ 0.81:
Speed Limi 0.997 0.997 0.99¢
Illumination Level: 0.99¢ 0.85¢ 0.96¢

5 Concluson

In conclusion, this study provides valuable insighto
the patterns and potential factors associated culiision
accidents in Jordan. By identifying specific timeripds,
weather conditions, and other factors that conteilbo the
risk of collision accidents, the study can informe t

road surface conditions, weather conditions, aridedr
behavior, to inform the development of more effecti
government programs and policies aimed at redubtieig
incidence. Additionally, future research could explthe
potential for using predictive modeling techniqueesed
on historical data to forecast the likelihood aadesity of

development of targeted interventions to reduce tHgaffic collision accidents in high-risk areas, wiicould
incidence of such accidents. help government agencies to implement proactive
One of the key contributions of this work is itsmeasures to reduce their risk. By improving our
emphasis on the need for a multifaceted approach Ygderstanding of the complex factors that conteibtat
addressing collision accidents in Jordan. Rathan thtraffic accidents and using predictive modelingtufe

focusing solely on one factor, such as speed liotit®ad
infrastructure, the study highlights the importanae
considering a range of factors, including traffitume and
weather conditions. This approach can help to enthat
interventions are effective in addressing the spatauses
of collision accidents in Jordan.

Another important contribution of this work is its[2] HAN, .

recommendations for further research. The studitifites
areas where additional research is needed, paurtiguh
the case of collisions that involve multiple fastoirhis
information can guide future research efforts aalp o

build a more comprehensive understanding of thee=zu

and consequences of collision accidents in Jordan.
Overall, the study provides a valuable contribution
the field of road safety in Jordan, and its findingan

inform the development of policies and intervension

aimed at reducing the incidence of collision aceide

research could help reduce the incidence and $g\ari
traffic collision accidents in Jordan.
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