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Abstract: The development of road capacity is not in line with the development of the population and the increase
in the number of vehicles. This has become a classic problem of transportation in the big cities of Indonesia,
including in East Java Province. The existence of road capacity in accommodating vehicles must be resolved. One
way to accommodate the number of vehicles is through the toll road. But comfortable conditions of the toll road
can cause accidents. One factor causing this is the driver's behavior factors, as the toll road is a freeway, they tend
to drive carelessly. On the other hand, high planning standards make the difference between toll roads and ordinary
highways. Yet barrier-free road does not mean that the traffic accident problem can be resolved properly. This
study aims to determine how significant is the influence of driver behavior factor in causing accidents. The
methodology is done by analyzing the data using statistical methods. Based on the accident data obtained, a
mathematical model with multiple linear regression analysis is made. The model connects the number of traffic
accidents on the Surabaya-Gempol toll road with the number of accidents caused by driver factors. The results
showed that the factors causing the accident were caused by less anticipated driver factors, carelessness,
drowsiness, drunkenness, distance, etcetera. This variable has a significant effect on traffic accidents at Surabaya-
Gempol Toll Road by 54%.

Keywords: Traffic accident, model, driving behaviour, toll road

1. Introduction

Indonesia is a country that has the largest population in ASEAN. This population requires adequate transportation
infrastructure. Good transportation arrangements require good urban land use as well. The Indonesian government is
currently building a connectivity by constructing infrastructures, especially toll roads [15]. Development and financing
of toll roads are by involving private parties. Basically, the construction of toll roads is designed to reduce traffic
congestion in the city and outside the city. According to Oglesby, as quoted by Santoso (2007), other benefits obtained
by the existence of toll roads include factors of large capacity, reducing travel time, more safety, permanently built,
reducing operating costs, and reducing noise pollution in the city. Toll roads are only intended for road users who use
four-wheeled or more motorized vehicles.
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This scheme does not require much of Indonesia's state budget. High toll development costs are very much in need
of the private sector [16]. The road pavement itself consists of rigid and flexible (asphalt) pavement. Toll road
pavement uses rigid pavement, more than asphalt pavement. In addition, it can use a combination of pavement and
asphalt [3]. Road capacity must be equipped with traffic signs in order to help the driver [1], [2], [23]. Road capacity
must be able to accommodate private vehicles and public transport vehicles, especially buses. Toll roads also have a
function to connect regions to other regions. Some infrastructures can be accessed via toll roads: toll access [7], [8]
[13], [17], airport facilities, trains, ports will develop with the existence of the toll road [11], [12], [14], [19]. The
existence of public facilities is increasing, especially parking needs [5], [9], [10], [18], [23].

The use of information technology is needed in completing the development of transportation system also. This is
one form of toll road service to access to public places [4], [6]. The importance of toll roads as such must be followed
by the safety factors, guaranteeing the journey. As the drivers often neglecting in and causing accidents. Roads that are
free of obstacles does not mean that traffic accident problems can be resolved properly. Traffic accidents on toll roads
can have more fatal consequences compared to traffic accidents that occur on non-toll roads [20].

According to data from Jasa Marga Surgem (Surabaya-Gempol), a Badan Usaha Milik Negara (BUMN) or
Country-owned enterprise that governs toll roads, 65% of traffic accidents that occurred over the past six years are
caused by driver factors. The fact that there are still many drivers unable to understand things that has to be done
properly on the toll roads has caused a high level of accidents.

The main cause is the human factor. The driver him or herself, because he or she fails to anticipate things. After
that the vehicle, and then the environment, as a sub-factor. Because the one who can think and have feelings are the
drivers. If every driver is able to control the behavior during driving in accordance with the conditions of the vehicle,
the environment, and him or herself, we can be sure the number of traffic accidents that occur on the toll road can be
reduced.

In this case, traffic accidents that occur on toll roads seen from driver factors according to Jasa Marga include less
anticipation, negligence, drowsiness, drunkenness, distance of meetings, and others. The relationship between these
variables and the number of traffic accidents that occur on the Surabaya-Gempol toll road will form a mathematical
model. This study attempts to model the number of accidents on the Surabaya-Gempol toll road with factors causing
traffic accidents, that are reviewed based on driver factors. The methodology is used statistically so that mathematical
models can be obtained.

2. Methods

Definition of accident and criteria for Indonesian government regulation (PP) No. 431993 states that traffic
accidents are events on unexpected and unintentional roads involving vehicles that are moving with or without other
road users, resulting in human casualties (victims) or property losses. Other errors that are usually not noticed by
drivers driving on the highway are, the lack of control of their vehicles regarding whether or not the vehicle is operated
on the highway, with the recommended minimum speed.

For toll roads used for traffic in urban areas, the minimum speed is 60 km/hour, while the recommended minimum
speed inter-city traffic is 80 km/hour (Article 5 of Government Regulation Number 15 of 2005 concerning Toll Roads).
Even explicitly according to Article 21 of Law No. 22 of 2009 concerning Road Traffic and Transportation requires a
minimum speed of 60 km/hour.

The Surabaya-Gempol toll road is a 43 km freeway that crosses three regions, namely Surabaya, Sidoarjo and
Pasuruan. The existence of the Lapindo mudflow disaster in Porong-Sidoarjo since 2009 has caused the toll road to be
cut-off for 6 km so that the Surabaya-Gempol toll road that operates to date is 37 km long. The operation of the
Surabaya-Gempol toll road is intended to reduce traffic congestion in the city of Surabaya because vehicles from
Surabaya that will pass towards Malang or vice versa do not have to pass through the city centre. In this study, the
research location is along the Surabaya-Gempol toll road starting from STA 00 + 000 - STA 37 + 00.

Toll roads have a higher level of security and comfort services than existing public roads and can service long-
distance traffic with high mobility. Lack of attention to this, triggers poor driving behavior, especially on the freeway.
In addition, are with various factors inherent in the driver such as physical fitness, mental readiness while driving,
fatigue, the influence of liquor, and drugs. The condition of unpreparedness of the driver opens a great opportunity for
severe accidents in addition to endangering other road users. Outline of the steps of this study includes (refer Fig. 1 for
the flowchart):

a) Determination of research objectives.
b) Conduct relevant literature studies with the aim above.
c) Data collection:
= Data on traffic accident reports include records of events accidents and monthly reports traffic accident.
=  Technical data and conditions of the toll road including Average daily traffic data, road geometric, traffic
control data.
d) Data processing:
= Data extraction according to needs needed.
*  Compile and search through several steps to obtain data adequacy.
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e) Field observations.
f)  Analysis and discussion.
g) Conclusions and suggestions.
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Fig. 1 - Flowchart

3. Results and Discussion
The following is a description of the recapitulation of accident rates and traffic accident fatality rates on the
Surabaya-Gempol toll road in the last six years (2012-2017).

Table 1 - Recapitulation of accident level and fatality
level at Surabaya-Gempol Toll Road (2012-2017)

Year Year Year Year Year Year
2012 2013 2014 2015 2016 2017
Accidents level 498 342 239 289 291 2,59
Fatality level 091 0,56 053 051 033 0,59

Description

The data used is for six years (72 months). The following are the details of the data that were used to form the
accident modeling.

Table 2 - Traffic accident modeling data

No Number of  Less Anticipation Off guard Sleepy Drunk Close Others
Accidents (Y) X1) (X2) (X3) (X4) Distance (X5) (X6)
1 4 1 0 1 0 0 0
2 6 3 0 1 0 0 0
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52 4 2 0 1 0 0 0
53 5 1 0 1 0 0 0
54 4 2 0 2 0 0 0
55 6 1 0 1 0 0 0
56 5 2 0 1 0 0 0
57 3 0 0 2 0 0 0
58 5 3 0 0 0 0 0
59 6 1 1 3 0 0 0
60 5 1 2 0 0 1 0
61 7 4 0 0 0 0 0
62 5 3 0 1 0 0 0
63 5 4 0 0 0 0 0
64 10 4 0 4 0 0 0
65 6 3 0 0 0 0 0
66 6 3 0 0 0 0 0
67 7 3 0 1 0 0 0
68 10 2 0 1 0 0 0
69 10 2 1 4 0 0 0
70 6 1 0 2 1 0 0
71 14 1 0 5 0 2 0
72 6 1 0 3 0 0 0

But the increase in fatality rate is something that needs to be looked at again. In this case, the driver's behavior is
the dominant option that causes an increase in the fatality rate that occurs on the Surabaya-Gempol toll road. In this
case, traffic accidents that occur on the toll road are seen from the driver's factor according to Jasa Marga, including
lack of anticipation, carelessness, drowsiness, drunkenness, a close distance accident (spacing), and others. The
relationship between these variables with the number of traffic accidents that occur on the Surabaya-Gempol toll road
will form a mathematical model. This study tries to model the number of accidents on the Surabaya-Gempol toll road
with the factors that cause traffic accidents which are reviewed based on the driver factor.

Fig. 2 shows the factors causing the accident on the Surabaya-Gempol toll road. It can be identified that the
accident factor has been obtained data that the driver factor is 65%, vehicle factor 33%, road factor 15 and
environmental factor 1%. The driver factor is the highest factor causing traffic accidents, namely 243 accidents from
377 accidents (65%).

1% 1%

Fig 2 - Traffic accident factors at Surabaya-Gempol toll road

The model of the cause of traffic accidents on the Surabaya-Gempol toll road based on the driver factor consists of
seven variables including the dependent variable with the number of traffic accidents and the independent variable is
the number of traffic accidents from each driver factor classification, which are the lack of anticipation, carelessness,
drowsiness, drunkenness, spacing, etc. The results of data calculations were obtained using computer assistance with
the application of the SPSS 16.0 program. The result of multiple linear regression analysis can be seen as classic
assumption test and others.
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3.1 Normality Test

Fig. 3 shows the normal P-P plot of regression standardized residual. Meanwhile, Table 3 shows that the data
follows the direction of the diagonal line so it can be concluded that the data is normally distributed. The Kolmogorov-
Smirnov test also obtained normal distribution results, but in the Asymp column, Sig (2-tailed) stated that the
significance level of these variables was less than 0.05. One of the causes of the lack of significance is the amount of

data obtained does not meet the items tested

Dependent Variable: jumlah kecelakaan
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Fig 3. Normal probability plot

Table 3. Normality test

One-Sample Kolmogorov-Smirnov Test

Sceidents  anteipation CoFless Sleepy  Drunk LT Otters

N 72 72 72 72 72 72 72

Normal Mean 5.22 1.46 0.22 1.44  0.03 017  0.06
Parameters  Std. Deviation 1.980 1.162 0.481  1.124 0.165 0.411 0.231
Absolute 0.194 0.264 0.483 0237 0.539  0.505 0.540

g‘;;iﬁr::ne Positive 0.194 0.264 0.483 0237 0.539  0.505 0.540
Negative -0.136 -0.138 0322 -.152  -0.433 -0.343 -0.405
Kolmogorov-Smirnov Z 1.650 2.244 4.102 2.011 4572 4282 4579
Asymp. Sig. (2-tailed) .009 0.000 0.000  0.001  0.000 0.000 0.000

a. Test distribution is normal

3.2 Autocorrelation Test

Table 4 shows the Durbin-Watson autocorrelation. In this calculation for N = 72 and k = 6 based on Durbin
Watson's table, the value of dL = 1.433 and dU = 1.801, while for the value of DW is 1.515. The DW value lies in the
area dL < d < dU (1,443 < 1,515 < 1,801), so it can be seen that there are no conclusions regarding the presence or
absence of autocorrelation in this model.

Table 4. Durbin-Watson autocorrelation

Model Summary®

Model R R Square Adjusted R Square Std. Error of the Estimate Durbin-Watson
0.547

1 0.765* 0.586

1.332

1.515

Table 5 shows the multikolinearitas test. In the multicollinearity test, it can be seen that the value of the tolerance is
more than 0.1 and the value in VIF is less than 10. Therefore, it can be concluded that the values of these variables do
not have any symptoms of multicollinearity.
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Tabel S - Multicollinearity test
Collinearity Statistic

Model Tolerance VIF
Constant - -

Lack of anticipation 0.924 1.083
Careless 0.942 1.062
Sleepy 0.920 1.087
Drunk 0.969 1.032
Meeting distance 0.910 1.099
Others 0.979 1.021

Table 6 shows the data of heteroskedastisitas test. The statistical value of all explanatory variables tested with the

dependent variable of the abresid value based on the probability that there is no statistically significant (probability >
0.05). Therefore, it can be concluded that no symptoms of heteroscedasticity are presence in this model.

Table 6. Heteroskedastisitas test

Coefficients®
Model Unstandardized Coefficients Sg)l:fi:_::?eljtesd ¢ Sig.
B Std. Error Beta

Constant .965 246 3.924 .000
Lack of anticipation .004 .091 .005 .041 967
Careless -.101 218 -.057 -.460 .647

1 Sleepy -.030 .095 -.039 =312 756
Drunk -413 .626 -.081 -.659 512
Meeting distance 426 .260 207 1.637 107
Others -.296 447 -.081 -.663 .509

a. Dependent variable abresid

Table 7 shows the correlation matrix consists of number of accidents, lack of anticipation, careless, sleepy, drunk,
meeting distance and others. Based on the correlation matrix and judging from the magnitude of significance, it can be
decided as follows:

The relationship between the number of accidents and the less anticipated causal factor of the correlation
coefficient is 0.371 and the significance value is 0.001 less than 0.005 which means there is a correlation.

The relationship between the number of accidents and the care-less causative factor of the correlation coefficient is
0.095 and the significance value is 0.213 greater than 0.005 which means there is no correlation.

The relationship between the number of accidents and the factor causing sleepy correlation coefficient is 0.474.
And the significance value is 0.000 less than 0.005, which means there is a correlation between the factors.

The relationship between the number of accidents and the cause of drunkenness correlation coefficient is 0.067 and
the significance value is 0.288 greater than 0.005, which means there is no correlation between the factors.

The relationship between the number of accidents and the cause distance factor of the correlation coefficient is
0.404 and the significance value is 0.000 less than 0.005 which means there is a correlation between the factors.
The relationship between the number of accidents with the causal factor etc the correlation coefficient is -0.58 and
the significance value is 0.314 greater than 0.005 which means there is no correlation between the factors.

Table 7 - Correlation matrix

Correlations
Nun.lber of L-a?k O.f Careless Sleepy Drunk Meetmg Others
accidents anticipation distance
Number of 1.000 0.371 0.095 0474 0.067 0404  -0.058
accidents
Pearson Lack of
Correlation ~2¢% " 0.371 1.000 0.134  -0.223 0.006 0-.044  -0.096
anticipation
Careless 0.095 -0.134 1.000  -0.003 -0.079 0.166  0.014
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Sleepy 0.474 -0.223 -0.003 1.000 0.008 0.173  0.012
Drunk 0.067 0.006 -0.079  0.008 1.000  0.138  -0.041
Meeting distance 0.404 -0.044 0.166  0.173 0.138  1.000  -0.099
Others -0.058 -0.096 0.014 0012 -0.041 -0.099  1.000
i‘;‘;ﬁiﬁ:f - 001 0213 0.000 0288  0.000  0.314
{;;‘t‘;l;;’;ion 0.001 - 0.130  0.030 0.480 0356  0.210
Sig. Careless 0.213 0.130 - 0490 0256  0.082  0.453
(I-tailed)  gjeony 0.000 0.030 0490 - 0472 0073  0.460
Drunk 0.288 0.480 0256 0472 - 0.124  0.366
Meeting distance 0.000 0.356 0.082  0.073 0.124 - 0.204
Others 0.314 0.210 0453 0460 0366  0.204 -
i‘(‘ﬁiﬂ:f 7 7 7 77 7 7
{;;‘t‘;l;;’;ion 7 7 7 7 7 7 7
N Careless 72 72 72 72 72 72 72
Sleepy 72 72 72 72 72 72 72
Drunk 72 72 72 72 72 72 72
Meeting distance 72 72 72 72 72 72 72
Others 72 72 72 72 72 72 72

3.3 Analysis of The Effect of Variables (Y on X)

F test was used to determine the effect of the overall independent variable on the dependent variable. Table 8
presents a simultaneous or overall analysis of the effect variance based on the F test.

Table 8 - F test

ANOVAP
Model Sum of Squares  df  ean F Sig.
Square
Regression 163.059 6 27.176 15.309  0.000a
1 Residual 115.386 65 1.775
Total 278.444 71

Based on the probability value (significance) of 0,000 less than 0.05, the conclusion is that the factors causing less
anticipation, careless, sleepy, meeting distance, drunk, and etc simultaneously affect the number of accidents of traffic
on the Surabaya-Gempol toll road. On the other hand, T test was used to determine the effect of partially independent
variables on the dependent variable. The T test analysis can be referred in Table 9. Based on the probability value, it
can be found that:
= bl (less anticipation): A probability of 0.000 <0.05, less anticipation factor affecting the number of accidents of

traffic.
= b2 (careless): A probability of 0.151 > 0.05 carelessness does not affect the number of accidents of traffic.
= b3 (sleepy): Probability is 0.000 < 0.05, sleepiness factor affects the number of accidents of traffic.

* b4 (drunk): Probability 0.751 > 0.05, drunkenness factor does not affect the number of accidents of traffic.

= b5 (meeting distance): Probability of 0,000 < 0,05, the distance or spacing affects the number of accidents of
traffic.

= b6 (other): Probability: 0.844 > 0.05 some other factors do not significantly affect the number of accidents of
traffic.
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Table 9 - T test

Model t Sig.
Constant 5.744  0.000
Lack of anticipation 6.277  0.000
Careless 1.418 0.161
Sleepy 6.435  0.000
Drunk 0.318 0.751
Meeting distance 3.739  0.000
Other 0.197 0.844

Therefore, it is known that the variable lack of anticipation, sleepy and meeting distance has a partial effect on the
number of accidents. While the variables careless, drunk and other have no partial effect. Table 10 shows the analysis
of the determination coefficient. Analysis of the coefficient of determination (R2) is used to determine the percentage
of the contribution of the influence of independent variables simultaneously on the dependent variable.

Table 10 - Analysis of the determination coefficient

Model Summary®
Model R R Square Adjusted R Square Std. Error of the Estimate Durbin-Watson
1 0.765a 0.586 0.547 1.332 1.515

From Table 10, it can be seen that the value of R2 (Adjusted R Square) is 0.547. So, the contribution of the
influence of the causes of accidents caused by the driver to the number of accidents is 54% while the remaining 46% is
influenced by other factors including vehicles, roads and the environment. It should be emphasized here that the results
of the data calculation were obtained using computer assistance with the application of the SPSS 18.0 program.

The model that was found above did not escape from several stages of testing and the best model was chosen
which was then proposed as a model of the accident on the Surabaya-Gempol toll road in terms of the driving factor.
The model is as follows:

Y =2.189 + 0.889X1 + 0.480X2 + 0.944X3 + 0.309X4 + 1.507X5 + 0.137X6 1)

where: Y = Number of accidents of traffic by the driver, X1 = Number of accidents caused by lack of anticipation, X2

= Number of accidents caused by careless factors, X3 = Number of accidents caused by sleepy factors, X4 = Number of
accidents caused by the drunk factor, X5 = Number of accidents caused by the meeting distance factor, X6 = Number
of accidents caused by other factors.

4. Conclusion

Based on the analysis of the determination of the factors causing the accident caused by the driver to the number of
accidents, is equal to 54%. While the remaining 46% is influenced by other factors, including vehicles, roads and the
environment. The accident model on the Surabaya-Gempol toll road is depicted in Equation (1) that has relation of
number of accidents with driver's factors.
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