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Abstract—This research focuses on the probability of accidents with severely and mildly injuries in
motorcyclists. The probability of accidents took human factors only into consideration. 70.93% accidents
that occured from July 1, 2015 until December 31, 2015 throughout Indonesia involved motorcycles. The
research took place in Bekas City, Indonesia. The samples comprised of 105 respondents who had
experienced accidents, which were caused by human factors only. The results indicated that the
probability of severely injuries accidents was 20%, while mildly injuries amounted to 80%. The accuracy
calculation model employed new data from 24 respondents. The accuracy calculation model indicated
that the M ean Absolute Deviation (MAD) was 21.29%. The model scenariosindicated that femaledrivers
were more prone to severely injuries than men. The age group of 20 years and above had a greater
probability to suffer severely injuries compared to the age group of 20 years and below. Reckless drivers
were 30% more likely to suffer from severely injuries. Driverswho drove at < 50 km/h and at speed 50-70
km/h were 20% more likely to experience accidents with severely injuries, and at > 70 km/h it reaches
23%.
Keywords: Accident, Bayesian, Mildly, Probability, Severely

. INTRODUCTION

In 2009, 57,726 accidents occurred on highways, meaning that every 9.1 minutes an accident occurred
in Indonesia. From the number mentioned, 28,000 people died at the crash site. This means that every 20
minutes there is one life lost on the highway (Indonesian National Police, 2009). In the following periods of
2010, 2011, 2012 the number of accidents increased by 15.18% to 66,488 cases, 63.48% to 108,696 cases,
8.51% to 117,949 cases respectively ([1], [2], [3]). However, in 2013 the number of accidents fell by 15.1% to
just 100,106 accidents [4]. Road users around the age of 15-25 are the most prone group to traffic accidents in
Indonesia. This age group experienced the most traffic accidents compared to other age groups, with 462 crash
victims in fatal accidents, 531 victims in accidents with severely injuries, 2,797 victims in accidents with mildly
injuries [13].

Accidents that occurred in the last two quarters (July 1, 2015 until December 31, 2015) throughout
Indonesia were more likely to involve motorcycles than other vehicles, amounting to 70.93% or 30,628
accidents [13]. There are several factors that could cause accidents, which is : human error, roads and
environment, and the performance of the vehicle. From these three factors, 75% of accidents are caused by
human error factors, one of which was due to fatigue experienced by the drivers.

Spesific thing of this study with the samples comprised of respondents who had experienced accidents,
which were caused by human factors only. Meaning that the probability severity accident was determine by
ability or behaviour of the motorcyclists. In addition, there were not the study related to safe limit for highway
driving for the mototcyclists until now unless for driver of the car. Based on the aforementioned various
conditions, research is needed relating to reducing the risk of accidents, particularly for motorcyclists. This
research aims to reduce the risk of accidents resulting in severely injuries to motorcyclists by identifying factors
that affect the probability of accidents and the severity of severely and mildly injuries caused by human factors
only.

[I.LITERATURE REVIEW

Fatigue can reduce the ability of the driver to drive safely [7]. Some of the factors that influence the
driver’s fatigue and behavior on the road include: driver’s occupation, trip duration, work routines, driving in
the middle of the night, use of stimulants, work schedules and speed [11]. Driver’s fatigue can be due to several
factors such as lack of rest, long trip, and monotonous roads [15].

Motorcyclists’ behavior, chaotic traffic and errors in a road’s design contribute the most to the
occurrence of motorcycle accidents [17]. Human error was a contributor factor of fatal motor vehicle crashes
[10]. Motorcyclists who speed and drive recklessly cause accidents which could result in death (fatal), especially
for young drivers, almost 20% of accidents which result in death (fatal) are due to drivers under the influence of
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alcohol, 4% of accidents are due the influence of drugs [5]. In addition, driver’s behavior is also influenced by
several factors that can increase the risk of accidents, including: age, gender, driver’s experience, road
conditions and characteristics of the vehicle [19]. The contributing factors for wrong-way crashes are alcohol
impairment, darkness, and driver's age and skill [24].

The 1185 cases that led to death in accidents (fatal) in the United Kingdom (UK) from 1994-2005
indicated that drivers aged 20 and below are 12 times more likely to die in a (fatal) accident, and this condition
decreases dramatically as the driver’s age increases, then rose again after the driver passes the age of 65 [5]. A
risk study of urban traffic accidents in Zagreb, Croatia, from 1999 to 2000, with a sample size of 528 people,
indicated that men have a risk of death 2.69 times higher than women, and men who do not use seat-belts are
more at risk of a fatal accident [22]. Young adults and students tend to violate traffic regulations more
frequently. There are three main personality traits of young motorcycle riders, namely sensation seeking,
amiability and impatience [23]. Men are less likely to ignore traffic regulations than women [20]. Male showed
higher levels of difficulty associated with stopping, stopped waiting to turn, and slowing down situations.
Meanwhile, females showed higher levels of difficulty related to identifying speeds and distance of oncoming
traffic than males driver [6].

Bayesian Network (BN) is derived from Bayes' theorem, an approach to an uncertainty. Bayesian Network
(BN) is a Directed Acyclic Graph (DAG) and is equipped with Conditional Probability Distribution Table (CPT)
for each node. Each node represents a variable domain and each arrow between nodes represents a probabilistic
dependency [18]. Bayes’ theorem is used to calculate the probability of the occurrence of an event by the
influence gained from the observation. This theorem describes the relationship between the probability of the
occurrence of event A and the previous occurrence of event B.

Some examples of pictures and Bayesian calculation are shown in Figure 1 and 2.
Probability of accident severity in Figure 1 (a) can be calculated :
P(AS) = P(AS | £20 years) P(< 20 years) + P(AS | > 20 years) P(> 20 years).
Probability of Accident severity in Figure 1 (b) can be calculated :
P(AS) = P(AS|Age < 20 years, Female) P(Age < 20 years) P(Female) + P(AS|Age <20 years, Male) P(Age <20
Years) P(Male) + P(AS|Age > 20 years, Female) P(Age > 20 years) P(Female) + P(AS|Age > 20 years , Male)
P(Age > 20 years) P(Male).
Where : P=Probability, AS=Accident Severity.

Age

Accident
severity
(AS)

Accident
severity
(AS)

(b)

Fig. 1. Example of Bayesian Network

[1I.METHOD, RESULTAND DISCUSSION

The research took place in Bekasi City, Indonesia. Bekasi City borders on the north by Bekasi
Regency, on the south by Bogor Regency and Depok City, and on the west by DKI Jakarta Province. Bekasi
City has an area of approximately 210.49 km2 and is a satellite city of Jakarta. Traffic congestion frequently
occurs during rush hour on the road connecting East Jakarta and Bekasi. The city is crossed by the Jakarta-
Cikampek toll road and Jakarta Outer Ring Road. Bekasi was chosen as the location for the study because it has
the largest commuter line in Jabodetabek, around 2.43 million compared to other cities in Jabodetabek.
Approximately 58.19% of commuter trips in Jabodetabek use the mode of motorcycles. In addition, 94.6% of
commuter trips in the city of Bekasi have a travel time of over 30 minutes. Therefore, the city is appropriate to
look for respondents for this study. Meanwhile, in order to validate the model, data were also collected outside
Bekasi City.

Criteria for the respondents are motorcyclists who had experienced a traffic accident with a minimum
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age of 17 years old. The severity of the accidents comprised of severely to mildly injuries which the
motorcyclists had experienced. Some attributes calculated in this study were: age, gender, long duration of
driving before the accident, speed, fatigue, reckless behaviour. The data were collected by conducting
measurable interviews where each respondent took approximately 30 minutes.

The data were collected from April to June 2016. Of the 246 respondents that experience accident in
Bekasi City, Indonesia indicated that 105 respondent accidents were caused by human factor, 79 respondent
accidents were caused by human, road and environment factors, 25 respondents accidents were caused by
human and vehicle factors, 17 respondents accidents were caused by human, road and environment, vehicle
factors, 15 respondents accidents were caused by road and enviroment factor, 3 respondent accidents were
caused by road and environment, vehicle factors, 2 respondent accidents were caused by vehicle factors.

This study focus on the probability of accident took human factors only into consideration. The
samples of this study consisted of 105 respondents who had experienced an accident due human factors only.
The data then, were analyzed using the Bayesian Network method, which indicates a causal relationship
between the variables contained in the structure of Bayesian Network and this Bayesian Network was built with
the conditional probability approach. The Bayesian Network analysis in this study employed Software GeNle
2.0. Variables and statistics based on data can be seen in Table I.

Table I
Variables and statistics
No [Variables Value Percentage
1 |Accident severity Severely injury 17.14

Mildly injury 82.86

2 |Gender Male 80.00
Female 20.00
3 |Age <20 years old 67.62

> 20 years old 32.38
4 |Speed <50 km/h 59.05
50-70 km/h 31.43

> 70 km/h 9.52

5 |Reckless Behaviour Yes 7.62
No 92.38

6 |Fatigue before to accident Yes 34.29
No 65.71

The Structure of Bayesian Network of this study can be seen in Figure 2. Several attributes that
affected the probability of accidents and severity of severely injuries and mildly injuries including : long
duration of driving, gender, age, speed, fatigue, and reckless behavior while driving. The results of the Structure
of Bayesian Network analysis indicated that the probability of an accident resulting in severely injuries was 20%,
while mildly injuries was 80%. The accuracy rate of Bayesian Network Model was measured by calculating the
Mean Absolute Deviation (MAD). In order to calculate the value of MAD, new data were used consisting of 24
respondents who had experienced an accident due to human factors only. Respondents were obtained from
outside Bekasi City. The result of the model accuracy calculation indicated that the value of MAD was 21.29%,
meaning that an average absolute model deviation was 21.29%, as shown in Table II.

Analysis of Bayesian Network indicated that 90 minute trip duration was the safe limit for higway
driving, and after 90 minutes level of fatigue decreased as shown in Figure 3. Based on data, after a 90 minute
trip the motorcyclists took a rest for some times because of fatigue. A previous research for driver of car
indicated that a 80 minute trip was the safe limit for monotonous highway driving [21].

Model scenarios suggest that women were more prone to the risk of severely injuries than men, as
shown in Figure 4 and 5 (scenarios 1 and 2). This research is in accordance with the studies conducted by [20]
stating that men are less likely to ignore traffic regulations than women. In general, drivers will drive through
small openings, speed, drive recklessly and overtake other vehicles on the wrong side of the road [20]. These
conditions will certainly affect the probability of severely and mildly injuries from accidents. Based on data
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indicated that 66,67% of female driver violate traffic regulation before accident, meanwhile 33.33% of male
driver violate traffic regulation before accident. This research is not in accordance with the studies conducted by
([16], [22]). Women are perceived less likely to fall into the high risk category because the risk of accidents
increases with the number of trips [16]. Men have a 2.69 times higher risk of dying in traffic accidents on urban
roads than women [22].

Long Duration of Driving

Time 15 min
Time 30 min
Time 45 min
Time 60 min
Time 75 min
Time 90 min
Time 105 min
Time 120 min

=36%
=40%
=10%
=5%
=0%
=1%
=0%
=9%

N

Gender

Female =20%
Male =80%

Speed
Speed of < 50 km/h =59%%
Speed of 50-70 km/h =31%
Speed of > 70 km/h =10%

Age

Reckless Fatigue
Yes  =8% Yes  =34% REYEANN o
No =92% No =66%
N
Accident Severity
Severely Injured =20%
Mildly Injured =80%
Fig. 2. Structure of Bayesian Network
Table II
The Calculation of the Mean Absolute Deviation (MAD) value
Severely Injury
Probability | Fatigued Speed Reckless Age Gender Deviation %
Actual % | Model %
6 Yes <50 No <20 M 0.00 17.00 17.00
7 Yes <50 No >20 F 0.00 50.00 50.00
8 Yes <50 No >20 M 0.00 29.00 29.00
14 Yes 50-70 No <20 M 0.00 20.00 20.00
15 Yes 50-70 No >20 F 0.00 100.00 100.00
16 Yes 50-70 No >20 M 0.00 0.00 0.00
20 Yes >70 Yes >20 M 0.00 0.00 0.00
26 No <50 Yes <20 M 0.00 0.00 0.00
30 No <50 No <20 M 0.00 12.00 12.00
31 No <50 No >20 F 25.00 50.00 25.00
32 No <50 No >20 M 0.00 18.00 18.00
38 No 50-70 No <20 M 0.00 15.00 15.00
40 No 50-70 No >20 M 0.00 12.00 12.00
46 No >70 No <20 M 0.00 0.00 0.00
Mean Absolute Deviation (MAD) 21.29

Where : M=Male, F=Female
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Fig. 3. Correlation between long duration of driving and level of fatigue
Long Duration of Driving Gender Speed
Time 15 min =136% Female =100% Speed of < 50 km/h =59%
Time 30 min =40% Male =0% Speed of 50-70 km/h =31%
Time 45 min =10% Speed of > 70 km/h =10%
Time 60 min =5%
Time 75 min =0%
Time 90 min =1%
Time 105 min =0%
Time 120 min =9%
N
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Fig. 4. Scenario 1
Long Duration of Driving Gender Speed
Time 15 min =136% Female = 0% Speed of < 50 km/h =59%%
Time 30 min =40% Male =100% Speed of 50-70 km/h =31%
Time 45 min =10% Speed of > 70 km/h =10%
Time 60 min =5%
Time 75 min =0%
Time 90 min =1%
Time 105 min =0%
Time 120 min =9%
A
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<20 years =68%
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Drivers aged 20 years and above are more likely to suffer severely injuries than those aged 20 years
and below, as shown in Figures 6 and 7 (scenarios 3 and 4). This research is not in accordance with the studies
conducted by ([22], [5], [8], [14]). Elderly people (65-year-old) have a significantly higher risk of suffering
fatal accidents, or suffering severely rather than mildly injuries. The risk of accidents resulting in mildly injuries
group is higher than the risk of fatal accidents or severely injuries group for the age under 30-years-old [22]. 25-
year-old drivers are less likely to perceive their risk of accident, and middle-aged drivers are likely to perceive
their accidents between 30% -70%. Drivers of 20-year-old and under are almost 12 times more likely to suffer
fatal accidents, and this condition decreases dramatically as the age of the driver increases, and then rises again
after the drivers pass the age of 65 [5]. Drivers aged 60-64 and above are more likely to contribute to accident
and in general it is a right-turn accident on intersection [5]. Young drivers have a maximum speed which is
significantly higher than older drivers [8]. Wearing a helmet lowers the average probability of accidents for
motorcyclists; and young motorcyclists on average are more likely to suffer from severely injuries or fatal
accidents [14]. This research is not in accordance with the previous studies because the samples comprised of
105 respondents who had experienced accidents, which were caused by human factors only. Meaning that the
probability severity accident was determined by ability or behaviour of the driver. Based on data indicated that
35,29% drivers aged 20 years and above had experienced fatigue before excident, and 33,8% drivers aged 20
years and below had experienced fatigue before accident.

Long Duration of Driving Gender Speed
Time 15 min =36% Female =20% Speed of < 50 km/h =59%
Time 30 min =40% Male =80% Speed of 50-70 km/h =31%
Time 45 min =10% Speed of > 70 km/h =10%
Time 60 min =5%
Time 75 min =0%
Time 90 min =1%
Time 105 min =0%
Time 120 min =9%
. Age
Reckless Fatigue
<20 =100
Yes =8% Yes =34% ﬁ = 0% &
No =92% No =66%

N —

Accident Severity

Severely Injured = 16%
Mildly Injured =84%

Fig. 6. Scenario 3

Long Duration of Driving Gender Speed
Time 15 min =36% Female =20% Speed of < 50 km/h =59%
Time 30 min = 40% Male =80% Speed of 50-70 km/h =31%
Time 45 min =10% Speed of > 70 km/h =10%
Time 60 min =5%
Time 75 min =0%
Time 90 min =1%
Time 105 min =0%
Time 120 min =9%
\ Age
Reckless Fatigue
<20 years =0%
Yes =8% Yes =34% > 20vyears =100%
No =92% No =66%

N L

Accident Severity

Severely Injured =29%
Mildly Injured =71%

Fig. 7. Scenario 4
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Furthermore, motorcyclists who drive at a speed of < 50 km/h and 50-70 km/h are 20% more likely to
suffer severely injuries in an accident, and to 23% at the speed > 70 km/h as shown in Figure 8, 9 and 10
(scenarios 5,6, and 7).
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Long Duration of Driving Gender Speed
Time 15 min =36% Female =20% Speed of < 50 km/h =100%
Time 30 min =40% Male =80% Speed of 50-70 km/h =0%
Time 45 min =10% Speed of > 70 km/h =0%
Time 60 min =5%
Time 75 min =0%
Time 90 min =1%
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Fig. 8. Scenario 5
Long Duration of Driving Gender Speed
Time 15 min =36% Female =20% Speed of < 50 km/h =0%
Time 30 min =40% Male =80% Speed of 50-70 km/h =100%
Time 45 min =10% Speed of > 70 km/h =0%
Time 60 min =5%
Time 75 min =0%
Time 90 min =1%
Time 105 min =0%
Time 120 min =9%
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Fig. 9. Scenario 6
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Female =20%
Male =80%

Reckless Fatigue
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N

Accident Severity
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Fig. 10. Scenario 7

Speed
Speed of < 50 km/h =0%
Speed of 50-70 km/h =0%
Speed of > 70 km/h =100%
Age
=68%
=32%

Reckless motorcyclists on the highway are 30% more likely to experience severely injuries in accidents
as shown in Figure 11 and 12 (scenarios 8 and 9). This study is in accordance with the study conducted by [5]
which states that speeding and recklessness are causes of fatal accidents for young drivers, and nearly 20% of
fatal accidents are due to driving under the influence of alcohol and 4% under the influence of drugs. Speeding
is the highest contributor to the severity of an accident [9]. In addition, high levels of aggressiveness increase
the risk of severity of accidents for motorcyclists [9].
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Fig. 11. Scenario 8

Vol 9 No 1 Feb-Mar 2017

240



ISSN (Print) :2319-8613

ISSN (Online) : 0975-4024 Pada Lumba et al. / International Journal of Engineering and Technology (IJET)
Long Duration of Driving Gender Speed
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e

Accident Severity

Severely Injured =19%
Mildly Injured =81%

Fig. 12. Scenario 9

IV.CONCLUSION

Based on the Bayesian Network analysis, there are several conclusions which can be drawn :
The structure of Bayesian Network in this study have several attributes that affect the probability of
accidents and severity of severely injuries and mildly injuries including : long duration of driving, gender,
age, speed, fatigue, and reckless behavior while driving.
The results of the Bayesian Network analysis indicate that the probability of an accident resulting in
severely injuries was 20%, while mildly injuries was 80%.
Approximately 34.29% of accidents occurre due to fatigue, and bassicly long duration of driving is
significantly cause of fatigue related accident.
Approximately 67.62% of accidents involving motorcyclists aged 20 years and under.
Speeding is more likely to increase the probability accident severity.
Analysis of Bayesian network indicate that 90 minute trip duration is the safe limit for higway driving in
order to minimize the probability and severity of traffic accident.
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