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Abstract: 
This research is the result of the analysis of drivers´ behavior in a controlled scenario, using a driving 
simulator, in which by measuring brain waves, the degree of concentration was measured when driving 
and through the use of neural networks. Driver behavior model was proposed to be subjected to a 
distracting effect while driving, which allows analyzing the most relevant factors that are reflected in errors 
and bad practices at the time of driving.In this research it was determined a population sample of men 
and women whose ages oscillate between sixteen to ninety years. A driving simulator was built, and it 
was using a software for the simulation that allows different driving scenarios. Finally, risk behaviors were 
classified to be a factor of distraction. 
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An Introduction to the generation of traffic accidents 

The study of the frequency and causality of traffic collisions in public roads is a 
prominent topic due to its impact and cost to general society. Each year, according to 
statistics from the now extinct Colombia’s Highway Prevention Fund, on average, every 
2.5 minutes there is a traffic accident, every ten minutes there is a traffic accident with 
wounded victims, and every hour there is a fatal victim; mainly due to the poor highway 
safety features in public roads in Colombia. These statistics point out that the segments 
of the population at a higher risk are: youth between fifteen to thirty years of age, 
pedestrians, cyclists, and particularly in the last five years, motorcyclists. 

According to Ferrer et al., (2003), the statistics for traffic accidents and fatalities that are 
gathered by Colombia’s National Police, National Administrative Department of 
Statistics and the National Institute for Legal Medicine and Forensic Sciences do not 
add up. 

In the above referenced statistics, speeding is identified as the main cause for traffic 
accidents. 895 of the traffic accidents, are related to human error, while the remaining 
11% are related to mechanical failure, weather, and public road defects among others 
(Arias, W. and Colucci, B., 2006). The majority of traffic accidents happen five minutes 
from destination, in average, as the driver relaxes once close to destination and driver 
attention diminishes as a result. (Arias, W. and Colucci, B., 2006). Nonetheless, the 
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authors didn’t take into account that the road conditions contribute to about 28 to 34% 
while the vehicle’s safety devices contribute to about 8 to 12% (Rumar, 1985 and 
Johnston, 2006). 

Traffic Accident severity can be related to sudden changes in the speed limit in 
segments of the road, which could be involuntarily disregarded by the driver, if the 
geometry or the general conditions of the road do not vary considerably. This can be 
pronounced in a segment of the road where speed limits are not congruent to the 
driver’s expectations, when considering the characteristics of said segment. Also, to 
analyze the causes of traffic accidents, factors such as education, engineering and 
incident management must be accounted for. 

It can be considered that a driver in an urban area, where the speed limit is sixty 
kilometers per hour (37.3 mph), and then changes to a rural area where the speed 
increases to 100 kilometers per hour (62.1 mph), and encounters a construction zone 
with a sudden, substantial reduction in speed limit to thirty kilometers per hour (18.6 
mph), there is a possibility the driver wouldn’t react accordingly, and create a hazardous 
condition leading to a traffic accident with wounded or fatal victims. 

Lack of traffic safety devices or its maintenance, such as inadequate signage and 
pavement marking, are a possible cause for the increase in traffic accidents with 
fatalities; which have a very high cost for society and the economy of a country. 

An increase in the price of gasoline can have a direct reduction in trips during certain 
periods of time, increasing or reducing the probability of traffic accidents. Intense police 
patrolling can also result in a transient change in driver behavior, given the perceived 
risk of fines. Shinar, Stiebel (1986) and Benekohal et al. (1992) demonstrated the 
transient reduction in driver speeds given an increase in police presence in the roads. 
Vaa (1997) demonstrated that intensive police patrolling in a particular segment of road 
will have speed reducing effect in the drivers for a maximum duration of eight months.  

In relation to the deaths associated to speed, 54% of the accidents happened in 
segments of the road with a speed limit of 56 kilometers per hour of les (NCSA, 2006). 
AASHTO (2004) recommends the speed limits to be consistent with what users expect, 
based on the geometric features of the road. Nonetheless, it begs the question as to 
what relationship there is between design speeds, geometric features of the road, and 
marked speed limits in these segments, that may be a contributing factor to these 
fatalities. It is necessary to evaluate and analyze the relation between the geometric 
design of a road, and the perceived risk of traffic accidents by the drivers in these 
segments. 

Research conducted by the University of Puerto Rico, Mayagüez Campus, 
demonstrated that 70% of the accidents with pedestrians take place in urban areas, 
while 98.5% take place outside of intersections and 73% happen in flat, straight 
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segments of the road (Alicea, 2004). This research also had short, mid and long-term 
recommendations to mitigate pedestrian safety issues in Puerto Rico. Some of these 
recommendations are to establish public outreach and education strategies, the 
installation of pedestrian barriers, the installation of pedestrian traffic signage in select 
segments of the roads, amendments to local traffic laws and traffic calming techniques 
to reduce the speed of the vehicles. 

According to Regan et al., (2008) the known advantages and disadvantages is that 
driver simulators: 

 Advantages 

1. Have the capacity of creating likely scenarios of crashes without damage or risk, such 
as for fatigue, driving under the influence, extreme climate conditions, or early adoption 
of new technology, among others. 

2. Allow for the control of many variables that may cause driver confusion, such as 
weather, traffic, illumination, wind, potholes, erratic or spontaneous behavior from other 
users in the road, among others. 

3. since driver-perceived data is known and can be reliably reproduced using simulators 
(Gibson, 1986), not all real-world sensory data is perceived by the driver in an usable 
way, or in a way that will impact driver’s decision making process or behavior.  

4. Can be reproduced identically, for all subjects participating in the experiment. 

5. Provide inexpensive flexibility and configurability that allow for the modelling of diverse 
research scenarios (Jamson, 2001). 

6. Help expose a wide array of relevant research topics, even with low-fidelity, low cost 
simulators.  

7. Are convincing and stimulate adequate reactions in drivers that are similar to those in 
real driving conditions. 

8. Are an excellent tool to evaluate the performance of drivers, or measure what a driver 
can do (Evans, 2004). 

9. Can be configured as a tool for training of new drivers, to help in the development of 
certain skills, to then bring these to real driving conditions (Pollatsek et al., 2006). 

 Disadvantages 

1. Since simulated accidents do not have the exact same consequences as a real 
accident, subsequent behavior can be affected. Accidents in a simulator can produce an 
unknown psychological impact in the participants. 
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2. Confusion variables or interactions that take place in real world dynamics must be 
understood, and since these cannot be fully recreated in simulator models with current 
technology, are not fully susceptible to being tested. 

3. Real driving scenarios cannot be perfectly reproduced. 

4. Each event or decision in the driving simulation will impact later driving decisions or 
events. 

5. High end simulators will require cutting edge hardware, and development of adequate 
software, will in turn only approach limited variables. 

6. More affordable, lower end simulators can be imprecise, or pose issues of application 
flexibility, hence not all research queries would be addressed with these. 

7. Drivers often do not believe in the authenticity of simulators. 

8. Simulators cannot address questions related to driver behavior, since the driver doesn’t 
drive as them would in their own vehicles (Evans, 2004). 

9. Since the driver’s level of experience and skills that are transferred into the simulator 
are unknown, the software’s cost-effectiveness is affected (Jamson, 2001). 

 

o Materials and Methods 

Materials used in this experiment are described as follows: 

● Neurosky MindWave Mobile2 Headset used to capture brain waves. 

● Matlab software, to register and keep record of the brain waves captured by the 
Neurosky headset. 

● Foerst Simulation Sowftware, to perform the simulations. 

● Simulation Station, comprised of the following: 

o PC unit with Intel Core I7 7700ATX - Board MSI-H110M - 16GB DDR4 - 1 TERA HDD-
unit DVD-RW, Keyboard and Mouse, Solid state drive SSD ADATA SPP550 - 240GB, 
Graphics card: PNY GTX 1070 TI 8GB DDR5, Bluetooth. 

o Logitech Steering wheel and pedals, model G29, with adapter to fit a regular steering 
wheel. 

o Chassis with structural square steel tubing, with support to fit a driver seat, steering 
wheel and pedals mounts, screen mount, paint finished. 

o TV LED SAMSUNG 32" – Model UN32J4000DKXZL 

o Logitech Z506 Speakers 
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o This simulator was built by the author, as part of this PhD research project. 

o Alcatel U5 cellular phone 

 

Figures 1, 2 and 3 show the Neurosky headset employed, a screen capture of the 
simulator in action, and the simulator built for this research.  

 

 

. 

 

Figure 1 - Neurosky Headset 

Source: www.neurosky.com 

 

Figure 2 - Driver simulator in urban setting 

Source: http://www.fahrsimulatoren.eu/ 

http://www.neurosky.com/
http://www.fahrsimulatoren.eu/
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Figure 3 - Actual driver simulator built for this research 

Source: the authors 

The population sample that participated in this research project met certain basic 
criteria, which are presented below: 

• Have a valid driver's license 

• Have driven for at least 1 year 

• Have driven for at least 1 week in the last year of the test 

• Do not have any physical or cognitive disorders 

• Do not have central nervous system diseases 

• Do not be pregnant 

• Not having consumed alcoholic beverages or hallucinogenic substances before the 
test 

Simulator disease is a phenomenon that is affected by the simulator's specifications and 
characteristics of the participants. It produces similar symptoms, but typically, 
participants who drive in the driving simulator experience dizziness, nausea, eye 
discomfort, and disorientation (Kennedy et al., 1993). 

Driving area conditions 

The scenario for running the test drive was the same for all 167 participants in the 
experiment. It was conducted in an urban area, with rush hour traffic, between 6:00 PM 
and 7:00 PM, in an environment inside and outside urban areas, with pedestrians and 
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vehicles circulating on stage. The urban area has platforms, shopping areas, roadside 
parking areas, gas stations, traffic signals and roundabouts throughout the development 
of the route. 

Transit scenario 

The effect of traffic flow and its distracting effect while driving is important in this 
research. The simulation of the environment (for example, the behavior of other vehicles 
in the simulation of the road network of the experiment) can be very complex in some 
cases. It is important to observe the simulation of the behavior of no more than 1 or 2 
vehicles in relation to the simulated vehicle in this experiment. The simulation of the 
traffic environment is much more demanding than the classic traffic micro simulation 
model, for this reason, the software has implemented a similar movement framework as 
when driving naturally, in this way, the environment is not static. The distribution of the 
participants in the experiment, by age, gender, socioeconomic status and level of 
education. 39 participants were women and 128 were men, for a total of 167 individuals. 

Distribution of participants by group (gender and age) 

Table 1 shows the distribution of the participants by range and age, with the largest 
female population concentrated in the range of 31 to 40 years and the male population 
in the range of 21 to 30 years, followed by the range of 31 to 60 years. 

 (Table 1. Distribution of participants by gender and age) 

Age Female Male Grand Total 

        

0 to 20 2 15 17 

21 to 30 8 28 36 

31 to 40 15 23 38 

41 to 50 7 23 30 

51 to 60 3 23 26 

 61 to 70 2 7 9 

71 to 80 1 6 7 

81 to 90 1 3 4 

Grand 
Total 

39 128 167 
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Figure 4 show distribution for gender and age of all participants in this research (23.25% 
female and 76.35% male) 

 
Figure 4. Distribution of participants by gender and age range) 

 

Source: the authors 

The socioeconomic stratum is a classification of residential properties in Colombia to 
charge home public services differentially by strata, subsidizing the lower strata (1 and 
2) and taxing the higher strata (5 and 6). (In the table 2). Therefore, those who receive a 
higher income must pay more for home public services in order to subsidize the lower 
strata. 
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Table 2: Distribution of participants by socioeconomic stratum. 

Socioeconó
mic stratum 

Female Male Gran
d 
Total 

1  5 5 

2 7 30 37 

3 28 71 99 

4 3 17 20 

5  5 5 

6 1  1 

Grand Total 39 128 167 

 

Figure 5 show distribution for socioeconomic stratum of all participants (stratum 1, 3%, 
stratum 2, 22%, stratum 3, 59.4%, stratum 4, 12%, stratum 5, 3% and stratum 6, 0.6%) 

 

 

Figure 5: Distribution of participants by socioeconomic stratum. 
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Source: the authors 

Table 3: show the scholarity level for gender of all participants in this research. From 
elementary school to doctoral degree for gender. 

Table 3. Distribution of participants by scholarly level. 

Scholarly 
level 

Female Male 
Grand 
Total 

Elementary 
School 

1 9 10 

High school 10 33 43 

Asocciate 
degree 

12 26 38 

BSc 12 52 64 

MSc 4 5 9 

PhD   3 3 

Grand Total 39 128 167 

 

Figure 6 :show distribution by scholarity level of all participants (elementary 6%, High 
school 26%, associate degree 23%, BSc 38%, MSc 5% and PhD 2%) 

 

Figure 6. Distribution of participants by scholarly level. 
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Source: the authors 

Twilight (from 6:00 PM to 7:00 PM) in an urban environment was chosen as the setting, 
with a driving time of 10 minutes under dry weather conditions. 

The driver was asked if he wanted to drive the vehicle with a mechanical transmission 
or an automatic transmission. This information is necessary to configure the simulator 
software. The driver was fitted with the Neurosky headband on his head and the 
information obtained from it was recorded via Bluetooth to the computer, in which, with 
the Neurosky SDK program and the development of the program in Matlab, the 
information was recorded in real time of the degree of concentration of the driver during 
the test. 

In addition, the simulator program recorded the errors made by the driver during the 
test. 

At the end of the scenario, the data of the subject were recorded including those 
obtained with the headband, as well as those processed by the simulator, among others 
the beginning and end time of the test and the time, in seconds, of each of the errors 
made in the driving. Figure 7 show the driver simulator used for obtain all data in this 
research. 

 

 

Figure 7. Participant using the driving simulator. 

Source: the authors 

Results 

Information from transportation studies is generally modeled using two types of 
approximations: classical statistics and artificial intelligence. In statistics, numerical 
information is collected, organized and interpreted with mathematical tools, particularly 
when this information is related to population characteristics such as the inference of a 
sample (Glymour et al., 1997). Statistical models have very robust, widely accepted, 
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mathematical foundations and and provide insights into the mechanisms of data 
creation. However, they often fail when it comes to complex and highly non-linear data. 
Artificial intelligence combines concepts of learning, adaptation, evolution, and fuzzy 
logic to create models that are “intelligent in the sense that the structure arises from an 
unstructured beginning (Engelbrecht, 2007; Sadek et al., 2003). Neural networks are an 
extremely popular class of artificial intelligence. and they have been widely used in 
different transport problems, particularly because they are very generic, precise and 
convenient mathematical models, capable of easily simulating numerical components of 
a model. Neural networks have an inherent propensity to store empirical knowledge and 
can be used in any of three basic ways (Haykin, 1999): i. As models of biological 
nervous systems. ii) As real-time adaptive signal processors / controllers. iii) As data 
analytical methods. In transport investigations, neural networks have been used mainly 
as data analysis methods due to their ability to work with large volumes of 
multidimensional data, their modeling flexibility, their learning, their adaptability and 
prediction that is good in general. (Karlaftis and Vlahogianni, 2010). Quite often, 
researchers who have mastered one of the two approaches argue fervently in support 
of "their" chosen method. The selection of the analytical approach is one of the most 
debated topics in research meetings and publications; and, although these arguments 
provide interesting scientific debates, they manage to completely confuse younger 
researchers and, in particular, to professionals who are more interested in the model 
they should use rather than concentrating on the philosophical or mathematical 
foundations of the approaches (Karlaftis and Vlahogianni, 2010). In the experimental 
stage of this project, data from 167 subjects distributed in 39 women and 128 men, 
were recorded, meeting the age ranges of the population sample and with different 
types of scholarly level and socioeconomic status. 

The total information volume of the entire experiment is summarized with the following 
mathematical operation: 

167 subjects x 30 driving errors x 28,000 records = 140,280,000 average data 

After the test, the simulator delivered 30 parameters which are coded according to a 
number and that can be seen in the file of driving errors or types supplied by the 
software developer. These parameters are errors or situations that arise while the 
subject is driving in the time span of the test. 

Exploratory analysis of the experimental results 

The information on accidents committed by each of the 167 participants in the 
experiment were analyzed to evaluate the trend in the demographic and combinatorial 
variables of these variables as presented below. Figure 8 shows the percentage of 
concentration and deconcentration for the two genders, where it is observed that 
79.65% of the participants were concentrated in the experiment and 20.35% of the 
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women were concentrated. 70.37% of the deconcentrated participants were men and 
29.63% of the women were deconcentrated in the execution of the experiment. 

 

 

Figure 8: Percentage of concentration by gender 

 

Figure 9 presents the percentage of concentration and deconcentration by 
socioeconomic stratum of each of the participants in the experiment. 
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Figure 9: Concentration in percentage by stratum 

The figure 10: shows the percentage of concentrated and deconcentrated participants 
by educational level 
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Figure 10: Concentration by percentage by educational level 

The figure11 shows the percentage of concentrated and deconcentrated participants by 
age range 

 

Figure 11: Concentration by percentage by age range 
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Figure 12: presents the most common errors made by the participants by age range, 
during the execution of the experiment. Note that the most common mistake was not 
activating the turn signals and secondly, the accident. 

 

Figure 12: Most common errors by age, by gender 

 

Figure 13: presents the number of concentrated and deconcentrated participants who 
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18 

5 

33 

3 

75 

30 

13 

4 

31 

2 

53 

25 

14 

4 

31 

3 

62 

23 

12 

3 

24 

1 

50 

20 

13 

4 

28 

1 

61 

25 

2 1 
4 

1 

5 6 

0

10

20

30

40

50

60

70

80

Male Female Male Female Male Female

> 60 11-24 25-59

N
u

m
b

er
 o

f 
p

ar
ti

ci
p

an
ts

 

Age range and gender 

No Turn signal light

Too fast

Wrong lane

Invade lane

Accident

Blown engine



Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/ 

Journal of Tianjin University Science and Technology 

ISSN (Online): 0493-2137 

E-Publication: Online Open Access 

Vol:54 Issue:10:2021         

DOI: 10.17605/OSF.IO/C4KY2 

Oct 2021 | 640  

 

 

Figure 13: Concentration by accident 
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Table 4. Stepwise Forward: Accident Probability 

  coeff b s.e. Wald p-value OR lower Upper 

Intercept 1.18 0.26 21.25 0.000 3.25     

conc. Norm. 1.05 0.45 5.37 0.021 2.85 1.17 6.90 

 

Table 5 shows the values obtained for X2, p-value, the area under the curve and the 
precision model. 

Table 5. Values for the concentration model. 

Chi-Sq 5.84 

p-value 0.016 

AUC 0.87 

Accuracy 0.83 

 

The equation obtained for this model is presented below as well as Figure 9 showing 
the area under the curve for the model obtained. This equation represents the curve of 
the model proposed in this research, where the model has a precision of 83% with 87% 
of the total data obtained. 

The equation corresponding to the concentration model is determined by  

Y= -1.18x1-1.05x2 
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Figure 14: show the curve (true positive rate vs. false positive rate) and equation for this 
model. 

 

Figure 14. Area under the curve for the model obtained 

Models built with a neural network 

In this type of models, which function as a black box type, specifically for this doctoral 
research, a model of 7 input neurons, 2 hidden layers of 20 neurons each and an output 
of 2 neurons, was elaborated, which was predicted with one 98.2% precision, as 
presented below in figures 15, 16 and 17, highlighting that the most important variables 
are again the average concentrations. 
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Figure 15 Multilayer neural network 

 

 

Figure 16 :Confussion matrix 
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Figure 17: Current number of accidents versus predicted number of accidents 

 

Conclusions 

Deconcentration contributes significantly to the prediction of the probability of a traffic 
accident for drivers, because it was observed that the cumulative effect of the text 
messages that generated deconcentration affects the generation of accidents. The 
models developed show that they are influenced by the most important variable, which 
is concentration. A predictive model based on Machine Learning was successfully 
implemented. The concentration level, which is one of the most difficult to measure in 
this type of experiment, was successfully measured. It was observed that when 
considering the simple behavior model, the only variables that influence are the age, the 
degree of concentration of the drivers, obtaining details of the model from 83 to 100%. 
70.1% of the total male participants were concentrated and 26.9% deconcentrated, the 
female gender, 58.9% of the participants were concentrated and 42.04% 
deconcentrated during the execution of the experiment. The factor that is not 
considered in the study of behavior and that is the most important and most difficult to 
study is the level of concentration, which has been measured and analyzed in this 
doctoral research. The best model obtained is a decision tree of 20 nodes with a 
precision of prediction (accurracy) of 100% and whose generalization is 90% and 91% 
measured with x5 and x10 cross validations, in this model the two most important 
variables are the average concentration. 

Risky behaviors of drivers when subjected to a distraction factor were classified and 
characterized, regardless of gender or age, and that in some way influenced the 
behavior at the time of driving the recreated scenario. 
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It was observed that the drivers who participated in the experiment driving a vehicle with 
mechanical transmission presented greater difficulties and, therefore, were more easily 
distracted when receiving WhatsApp messages on their cell phones, making more 
recurrent mistakes than drivers who preferred automatic transmission. It was observed 
that people over 50 years old tend not to check the cell phone while driving, while 
people in the range of 18 to 45 years old, checked the cell phone and on several 
occasions, answered messages while driving, affecting the degree concentration at the 
time of the test and presenting more recurrent driving errors and crashes. 

The mathematical model obtained depends on the degree of concentration of the 
drivers and varies, depending on the scenario, weather conditions, type of road, time of 
driving, type of vehicle and type of vehicle transmission. 
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