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Abstract: The number of accidents at level railway crossings, especially crossings without 

gate barriers/attendants, is still very high due to technical problems, driving culture, and 

human error. The aim of this research is to provide road maps application based on 

ergonomic visual displays design that can increase awareness level for drivers before 

crossing railway crossings. The double awareness driving (DAD) map information system 

was built based on the waterfall method, which has 4 steps: defining requirements, system 

and software design, unit testing, and implementation. User needs to include origin-

destination location, geolocation, distance & travel time, directions, crossing information, and 

crossing notifications. The DAD map application was tested using a usability test to 

determine the ease of using the application used the System Usability Scale (SUS) 

questionnaire and an Electroencephalogram (EEG) test to determine the increase in 

concentration in drivers before and immediately crossing a railway crossing. Periodically, the 

application provides information on the driving zone being passed; green zone for driving 

distances > 500 m to the crossing, the yellow zone for distances 500m to 100m, and the red 

zone for distances < 100 m. The DAD map also provides information on the position and 

speed of the nearest train that will cross the railway crossing. The usability test for 10 

respondents giving SUS score = 97.5 (satisfaction category) with a time-based efficiency 

value = 0.29 goals/s, error rate = 0%, and a success rate of 93.33%. The cognitive ergonomic 

testing via Electroencephalogram (EEG) produced a focus level of 21.66%. Based on the 

results of DAD map testing can be implemented to improve the safety of level railroad 

crossings in an effort to reduce the number of driving accidents. 

Keywords: railroad crossings; roadmap; EEG; System Usability Scale (SUS); Python; 

driving awareness 

1. Introduction 

The number of traffic accidents at railway crossings is still quite high, 

especially at crossings without guards/doorstops (Hong et al., 2023; Johnson, 2015). 

Accidents at railway crossings occur not only in Indonesia or other developing 

countries but also in developed countries. During the last 10 years, there were 3427 

accidents at private crossings, or around 14% of the total USA national accidents 

(Anderson, 2023). Therefore, there has been a lot of research on it globally. Wise 

words say that to cross a train, all riders must use three words: stop, look, and listen. 

The costs of losses due to accidents at railway crossings divided into those due to 

productivity, quality of life costs, medical costs, long-term maintenance costs, 

property damage, insurance costs, and police costs. 

The main causes of accidents at level crossings are driver behaviour that lacks 
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discipline and the large number of unofficial level crossings. Dezhkam and Eslami 

(2017) and Gemma et al. (2021) state that the causes of accidents include: rail factors, 

road factors, environmental factors, human factors, and crossing factors. Many 

methods have been used to prevent or reduce accidents, namely: building crossings 

(Mironer et al., 2000), traffic control devices (Park et al., 2021; Saccomanno et al., 

2017), geometry in the form of improving the condition of pavement (Caird et al., 

2005), posted speed limits (Saccomanno et al., 2017), and photo/video enforcement 

(Caird et al., 2005). Hogan et al. (2017) said that upgrading railway crossings using 

flashing lights requires large funds. In the future, when solving railway crossing 

problems, it will be necessary to pay attention to the risk level of each location 

(Kasalica et al., 2020). Teresa and Wieslaw (2021) conducted research by detecting 

obstacles around crossings using deep learning. 

The adoption of the 5.0 social system is urgently needed to realize driving 

awareness so that the value awareness of all parties becomes better by using 

technology and information systems. Actors at railroad crossings, both road drivers, 

engineers, and field officers, must work well together through an efficient and 

targeted system. The initial stage of the solution design is to provide a road map like 

on a Google Map for motorists who have features that are able to provide early 

alarms for motorists to pay attention, monitor, and focus on the fact that they will 

soon be crossing a railroad crossing. This road map is the answer to the high accident 

rate for motorists at railroad crossings caused by a lack of awareness. Many people 

have measured the level of awareness, such as: Hofbauer et al. (2020) measured the 

level of driver awareness with Region-of-Interest prediction and eye tracking, Gilad 

and Borowsky (2015) measure and train hazard awareness in drivers, and Qimbiao et 

al. (2023) research on situational awareness related to different workloads using 

Electroencephalogram (EEG) and eye tracking features in air traffic control tasks. 

Furthermore, the information system application is also very important to measure 

the usability test, which includes learnability rate, efficiency, error, and System 

Usability Scale (SUS). 

2. Research materials 

An accident is a very complex event, because it can have many causal factors, a 

traffic accident can come from humans, machines, vehicles, roads, and the 

environment. Human factors are influenced by drivers, passengers, and road use; 

vehicle factors are influenced by non-motorized vehicles and motorized vehicles. 

Road factors are influenced by the goodness of the road and road facilities, and 

environmental factors are influenced by weather and geography. A traffic accident is 

a failure in the performance of one or more driver components that results in death, 

serious injury, and/or property damage. Road and ordinary road accidents can be 

categorized into at least four categories, including consecutive accidents, single 

accidents, pedestrian accidents, and stationary object accidents (Guo et al., 2018). In 

general, train accidents at crossings are caused by human negligence, whether from 

crossing officers, or drivers themselves (Li et al., 2019; Rangra et al., 2015). Rail 

transport has many entities that all contribute to a safe and efficient transportation 

system. It consists of several human actors (driver, signalman, maintenance 
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personnel, and operational management) and a signaling system that works in a 

synchronized manner (Evans, 2011). 

Researchers reported that human factors, such as age and gender, have an 

impact on driving (Bao et al., 2020). Sagberg et al. (2015) identified age, gender, 

national, and regional differences that influence driver behaviour. Additionally, 

researchers found that driving on active workdays may have a negative impact on 

driving safety because drivers are under enormous pressure to get to work 

(Ghasemzadeh and Ahmed, 2019). Zhang et al. (2019) meta-analysis shows that 

human-machine interaction providing a combination of visual and auditory or tactile 

information enables a reduction in travel time in vehicles. Traffic accidents can be 

reduced or avoided by increasing the awareness of drivers, officers, or the public 

involved. Situational awareness will be the basis for making good decisions, 

especially on complex and dynamic system issues. There is empirical evidence that 

the situation awareness model is relevant in driving contexts that affect driving 

performance (Endsley, 2017). A driver who experiences decreased situation 

awareness may fail to understand information or elements while driving. Figure 1 

below explains how good driving performance can be achieved by paying attention 

to supporting factors such as task, personal, and situational awareness factors. 

 

Figure 1. The modified Endsley’s concept of situation awareness in the driving context (Wijayanto et al., 2021). 

The roadmap application is part of the product that relates to the interaction 

between humans and machines, so the resulting product or application needs to be 

tested for ease of use. Usability research in the field of transportation has been 

carried out in order to improve the performance of service users (passengers). 

Hussain and Mkpojiogu (2016) presented the results based on the results of a review 

of 144 papers, showing satisfaction, effectiveness, and efficiency were the most 

frequently used metrics. Meanwhile, surveys seem to be the most popular method 

among researchers, followed by field trials and interviews. Widyanti and Qurratu 

(2017) said that one of the most important components of online transportation is the 

user interface application. The concept of usability is often associated with user-

friendliness, human-computer interaction (HCI), human-computer interaction (CHI), 
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user-centered design (UCD) and so on. Usability is user convenience with goals to 

be achieved, namely ease of use, efficiency, low error, and user satisfaction when 

using a product or system. 

User interface (UI) is a term used to describe the appearance of a machine or 

computer that the user directly interacts with. The design and arrangement of the 

interface need attention to produce a good display. Schlatter and Levinson (2013) 

arranges an easy-to-use application design by dividing it into several influential 

components: consistency, hierarchy, personality, layout, type, color, image, control, 

and affordability. Usability is defined in International Organization of 

Standardization (ISO) 9241-11 as the level of user satisfaction, as well as the 

effectiveness and efficiency of a product for certain purposes. To evaluate usability, 

product effectiveness is measured based on use for specific purposes and the 

achievement of integrated system functions. On the other hand, efficiency is 

evaluated by measuring the resources expended to achieve proper use and integrity. 

While, satisfaction refers to the comfort and aesthetic value of the user. The usability 

dimension needs to cover five things: learnability, efficiency, recall, error, and 

satisfaction. 

Usability testing is used to calculate learning ability, efficiency, and error 

components. While the questionnaire data is used to calculate the satisfaction 

component. The learning ability component is calculated using the success rate, 

namely the percentage of tasks that the user completes correctly. Equation (1) is the 

equation used to calculate the level of ease, requiring the number of full successes 

(S), partial successes (P), and the total number of tasks given (Nielsen, 1993). 

𝑆𝑢𝑐𝑐𝑒𝑠𝑠 𝑅𝑎𝑡𝑒 =
(𝑆 + (𝑃 × 0.5))

𝑇𝑜𝑡𝑎𝑙 𝑇𝑎𝑠𝑘
× 100% (1) 

The efficiency component is calculated using time-based efficiency, namely the 

time it takes the user to complete a task. Equation (2) is the equation used to 

calculate the time needed to complete a task (Nielsen, 1993). 

𝑇𝑎𝑠𝑘 𝑡𝑖𝑚𝑒 = 𝐸𝑛𝑑 𝑡𝑖𝑚𝑒 − 𝑆𝑡𝑎𝑟𝑡 𝑡𝑖𝑚𝑒 (2) 

Efficiency is calculated by all relative efficiencies, using the ratio of the time 

required for a user to successfully complete a task and the time spent by all users. 

Equation (3) is an equation for calculating overall relative efficiency, which requires 

the number of tasks completed (N), the time spent on the task (t) and the number of 

test takers (R) (Nielsen, 1993). 

𝑇𝑖𝑚𝑒 𝐵𝑎𝑠𝑒𝑑 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =

∑  𝑅
𝑗=1 ∑

𝑛𝑖𝑗

𝑡𝑖𝑗

𝑁

𝑖=1

𝑁𝑅
 

(3) 

The error component is calculated using the error rate. Errors are defined as 

unwanted or unintentional actions, mistakes, errors, or omissions by the user in 

completing a task. Equation (4) is the equation used to calculate the error rate 

(Nielsen, 1993). 

𝐸𝑟𝑟𝑜𝑟 𝑅𝑎𝑡𝑒 =
𝑇𝑜𝑡𝑎𝑙 𝐷𝑒𝑓𝑒𝑐𝑡𝑠

𝑇𝑜𝑡𝑎𝑙 𝑂𝑝𝑝𝑜𝑟𝑡𝑢𝑛𝑖𝑡𝑖𝑒𝑠
 (4) 
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The satisfaction component is calculated using the SUS questionnaire score. 

Equation (5) is the equation used to calculate the level of satisfaction (Tuwanakotta 

and Tanaamah, 2022). 

𝑆𝑐𝑜𝑟𝑒 = (𝑄1 − 1) + (5 − 𝑄2) + ⋯ × 2.5 (5) 

The System Usability Scale (SUS) is one of the most popular usability testing 

tools and is a method used to quickly and easily measure usability. SUS has 10 

questions that users must answer after using the system to evaluate it, such as “I 

think I will use this feature, I think this feature is not complicated”, and other 

questions. The SUS method uses a Likert scale (0 to 5) which can indicate the user’s 

opinion of the system, ranging from strongly disagreeing to strongly agreeing. The 

following is an instrument about SUS. After the questionnaire data is collected, the 

respondents’ responses are then converted into SUS values according to the 

predetermined stages. From these results, the average value of all respondents’ 

assessment scores will be obtained. There are three ways to determine the value of 

the assessment results: acceptance range, value scale, and subjective assessment. 

Figure 1 shows the distribution of the three assessments along with the boundaries 

of each different class. For the value scale, Brooke (2022) further defines that F 

value < 50, D value ≥ 51 and < 68, C value ≥ 68 and < 74, B value ≥ 74 and < 80.3, 

and A value ≥ 80.3. 

3. Research methodology 

The research aims to produce a road map that can increase the awareness of 

motorists who will cross railway crossings. Awareness can be increased by 

understanding the road map that will be traversed and the driver’s concentration 

level. Apart from that, a good road map will provide early warning to drivers in the 

form of a more interactive road map. The research design involves information on 

the driver’s position along with the estimated time to reach the crossing, information 

on the train crossing, and information on the nearest train that will pass along with 

the estimated time to cross the railroad crossing. The visual road map display 

includes dynamic railroad track images and audio early warnings for drivers. The 

visual road map display will be designed based on an ergonomic approach, including 

a human machine interaction scientific approach. System Development Life Cycle-

Based Design with an Agile Model with frequent changes required and a small 

project size. 

The steps in completing research to create interactive road maps for drivers to 

increase awareness include: 

• A preliminary survey on the causes of train accidents at several level crossings, 

especially at crossings without officers. There are about 33% of railroad 

crossings in Indonesia that have no doorstops, which contributes to many 

accidents. 

• Arrange the visual display algorithm in Google Maps. 

• Designing a Google Maps visual display based on an ergonomics approach. 

• Testing the finished road map at five train crossings with guards and 5 train 

crossings without guards, both with motorbikes and car drivers, in different 

conditions. 
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• Usability testing based on the System Usability Scale (SUS). 

• Recommendations for improving the road map design, which is easier to use 

and can increase awareness. 

Graphically, the research stages starting from data collection, road map 

prototype design, prototype testing, and improvement discussions can be seen in 

Figure 2 below. 

 

Figure 2. Flow diagram of research on creating “road maps” at railway crossings to increase driver awareness. 

Usability tests use effective and limited respondents to get an overview of the 

design assessment desired by users. Nielson (1993) states the number of respondents’ 

needs for usability tests in graphical form, where 6 respondents provide solutions to 

usability problems of around 85 percent and 15 respondents will provide nearly 100% 

solutions. Faulkner (2003) states that 5 respondents will generate an average of 85.55% 

usability problems, 15 respondents will generate 97.05% findings, 20 respondents 

will generate 98.4% problem findings, and 30 respondents will generate 99.0% 

problem findings. Thus, the number of respondents, amounting to 33 people, is 

sufficient to test the usefulness of the transportation network map on the Jakarta 

Mass Rapid Transport (MRT). 

4. Results and discussions 

Application of double awareness for systems at railway crossings, especially 

level crossings, without officers involving drivers and drivers. The current condition 

is that there are many railroad crossings without officers who do not have safety 
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signs for crossings. Therefore, in order to realize the concept of double awareness, an 

information system has been built that will provide information in both directions, 

both to drivers regarding road conditions and also to drivers regarding the location of 

crossings and the position of trains that will pass. The information system will be 

able to keep drivers focused on the train track they are traveling on and also provide 

comprehensive information on the road situation at railway crossings. The double 

awareness information system was built based on the waterfall method, which has 

four steps: defining requirements, system and software design, implementation, and 

unit testing. The user (driver) needs information in the form of origin-destination 

location, geolocation, distance and travel time, directions, crossing information, and 

crossing notifications. 

The next stage is system and software design. Process modelling is an activity 

to describe a business process or system in the form of a diagram or model that lists 

the flow of information, activities, and decisions during the process. At this stage, 

the system will be described following the algorithm that was built. After the driver 

activates the road map according to the specified destination, the map display in 

voice form will convey that during the journey he will pass through a certain number 

of railway crossings with or without officers. Drivers will be reminded periodically 

of the distance from the railway crossing, where distances of more than 1000 will be 

given a green signal on the screen, distances of 500m to 50m will be given a yellow 

warning with a sound, and distances of less than 50m will be given a red colour with 

an additional sound. When in the red zone application area, the road map also 

provides information about the location and speed of the train that will pass. Apart 

from that, in the red zone, the road screen display on the application layer will 

display quite striking railroad crossings (red colour with bold image). 

The following is an example of the display used in building an information 

system algorithm for applying double awareness to drivers crossing railroad 

crossings, namely: 

class _MyWidgetState extends State<MyWidget> { 

AudioPlayer audioplayer = AudioPlayer(); 

List<Polyline> routepoint = []; 

final mapcontrol = MapController(); 

LocationData? currentlocation; 

LatLng? destinationpoint; 

StreamSubscription<LocationData>? lokasi; 

Marker? me; 

List<Marker> displayedmarker = []; 

String? timedestination = ‘‘, distancedestination = ‘‘; 

List<LatLng>? coordinatedestination; 

List<LatLng> coordinatesrailway = []; 

bool railwaycomplete = false; 

String statusrailway = “Red”; 

int jarakrailwayterdekat = -1; 

bool railwayvisible = false; 
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double previous_distance = 0; 

double after_distance = 0; 

The next stage is to build a user interface based on the algorithm that has been 

created. A user interface is a part of a software program that functions as a user 

communication path with a program by displaying a screen display to the user. In 

this research, the user interface was created using the Python programming language 

library, namely Tkinter, to facilitate user access to the program. The initial design of 

a road map application that comprehensively displays guidance for drivers to remain 

aware of level railroad crossings will look like Figure 3 below. 

   
(a) (b) (c) 

Figure 3. Application of the double awareness information system for drivers who will cross a level railroad crossing, 

(a) rider position > 500 m; (b) rider’s position between 500 m to 100 m; (c) rider position < 100 m. 

An information system prototype application to support double awareness of 

drivers who will cross a railroad crossing in the form of an intelligent road map is 

tested for its ease of use through a usability test. For further studies, feedback from 

10 respondents or users of roadmap information systems and supporting data are 

needed for the analysis process of these problems, including the level of ease of 

learning, the level of efficiency, the error rate, and the level of user satisfaction. In 

collecting quantitative data, there are 4 aspects that are measured: learnability, 

efficiency, errors, and satisfaction. From these 4 aspects, 4 data points were taken, 

namely the number of full and partial successes when the task is given to calculate 

the success rate on the learnability aspect, the time of completing the task for 

calculating time based efficiency on the efficiency aspect, total defects and total 

opportunities for calculating the error rate on the aspect errors, and System Usability 

Scale (SUS) questionnaire scores on the satisfaction aspect. 
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The learnability test was carried out on the road map application, which was 

tested by 10 respondents by carrying out 3 tasks, namely the task of knowing the 

number of crossings to be traversed (task 1), the task of knowing the red zone starts 

at –50 m (task 2), and the task of knowing the position of the train (task 3). Table 1 

shows the tabulation results of assignments to all respondents for three types of tasks. 

Based on the table, it can be concluded that the level of learnability of using road 

maps to increase the awareness of motorists who will cross the train can be 

categorized as good. Task 1 can be completed with a success percentage of 100%, 

task 2 is 80%, task 3 is 80%, and the overall average learnability level is 86.70%. 

Table 1. Results of recapitulation of success in completing tasks by respondents 

using the railroad crossing roadmap application. 

Respondents Task 1 Task 2 Task 3 Success Rate (%) 

R1 s s p 83.33 

R2 s s s 100.00 

R3 s s s 100.00 

R4 s p s 83.33 

R5 s p p 66.67 

R6 s s s 100.00 

R7 s s s 100.00 

R8 s s s 100.00 

R9 s s s 100.00 

R10 s s s 100.00 

The next assessment parameter related to the ease of use of the roadmap 

application to increase driver awareness when crossing railroad crossings is 

efficiency in carrying out tasks. Testing the value of efficiency is carried out by 

giving respondents two tasks, namely: preparing a road map according to a 

predetermined destination (task 1) and knowing the position of the train when drivers 

enter the red zone. Table 2 explains the results of the time needed to complete tasks 

1 and 2. Based on the table, it can be seen that the time-based efficiency of the first 

respondent is 0.22 and the average time for all respondents to complete the task is 

0.29 goals/s. 

Another measuring parameter is the level of errors experienced by users 

(respondents) in completing the task of using the roadmap to be more careful when 

crossing train crossings. Based on the simulation of the prototype, several potential 

errors were found that might be made by users, namely: 1. Mistakes in knowing the 

number of crossings to be passed, 2. Delays in knowing the red zone, and 3. 

Mistakes in knowing the position of the train when it is in the red zone. Meanwhile, 

in this test, respondents were given the task of using the application by passing 

through crossings with gate barriers/attendants and crossings without gate 

barriers/attendants. Based on the data summary, it was found that the average defect 

rate from respondents was 0 incidents, with a system testing error rate of 0% for 1 

trip assignment and an identification of possible errors of 3 incidents. 
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Table 2. Task processing time in time-based efficiency calculations. 

Respondent 
Completing time 

Time based efficiency 
Task 1 Task 2 

R1 9 3 0.22 

R2 7 2 0.32 

R3 8 2 0.31 

R4 9 2 0.31 

R5 9 4 0.18 

R6 7 2 0.32 

R7 8 2 0.31 

R8 8 2 0.31 

R9 7 2 0.32 

R10 8 2 0.31 

The System Usability Scale (SUS) is one of the most popular usability testing 

tools and a method that can be used to measure usability levels quickly and easily. 

SUS was developed by John Brooke in 1986. This SUS is the most widely used 

usability scale because it is easy to use, tends to reduce costs, and has a high level of 

reliability. SUS has 10 questions that users must answer after using the system to be 

evaluated. The SUS method uses a Likert scale, which can indicate the user’s 

opinion of the system, ranging from strongly disagreeing to strongly agreeing. The 

following is the SUS question instrument. Based on the collection of data from 10 

respondents, data were obtained on answers to 10 questions, as shown in Table 3. 

For example, respondent one gave a score on a Likert scale for 10 questions as 

follows, question 1 with a score of 5, question 2 with a score of 1, question 3 with a 

score of 4, and so on until question 10 with a score of 1. 

Table 3. SUS question instrument. 

No. Questions Score 

1 I think I want to use this feature. 1–5 

2 I found that this feature is not that complicated. 1–5 

3 I think this feature is easy to use. 1–5 

4 I think I need a technical person’s help in using this feature. 1–5 

5 I found the various functions in this feature well integrated. 1–5 

6 I think there’s too much inconsistency in this feature. 1–5 

7 I would imagine that most people would find it easy to learn about this feature. 1–5 

8 I find this feature very impractical. 1–5 

9 I feel very confident in using this feature. 1–5 

10 I need to learn a lot before using this feature. 1–5 

After the questionnaire data given to respondents has been collected, the 

respondents’ responses will then be converted to the SUS scale. The SUS scale is 

calculated by first calculating the Likert score for each respondent for odd questions 
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(question no. 1, 3, 5, 7, 9) and subtracting the value 1. For example, respondent one 

has an odd score as follows: 

Odd score = (Q1 − 1) + (Q3 − 1) + (Q5 – 1) + (Q5 – 1) + (Q9 − 1) = (5 – 1) + (4 

– 1) + (4 – 1) + (5 – 1) + (4 – 1) = 17 

Meanwhile, the SUS score for even questions is used to reduce the value of 5, 

so for example, respondent 1 will have an even score as follows: 

Even score = (5 − Q2) + (5 − Q4) + (5 − Q6) + (5 − Q8) + (5 − Q10) = (5 – 1) + 

(5 – 1) + (5 – 1) + (5 – 1) + (5 − 1) = 20 

So the SUS value for respondent 1 is the result of the number of odd scores plus 

the number of even scores multiplied by the value 2.5. So the SUS for the first 

respondent is: 

SUS-R1 = (odd score+ even score) × 2.5 = (17 + 20) × 2.5 = 92.5 

After each respondent’s SUS value from 1 to 10 is calculated, the next step is to 

calculate the average SUS value and obtain a value of 97.5. This value based on the 

classification is included in grade A, the best performance. The road map 

information system application for driving safety that will cross railroad crossings is 

feasible to develop and use by users. 

Recommendations for improving the double awareness application for drivers 

who will pass a level railroad crossing based on the results of the usability test are 

improving the red zone distance and improving the display of train position 

information by drivers. The red zone on the first design appearance appears when the 

distance of entering 50m from the railroad crossing point is felt by the respondents to 

be too close, so nine respondents suggested further testing at a distance of 100 m, 

and the results were very helpful for driver preparation. While the second 

recommendation appears in writing that informs the position of the train, it is felt by 

7 respondents that the writing is too small to display on the mobile phone screen. 

The new design concept is improved by changing the size of the writing to be bigger 

and adding the audio of the position of the train. 

After assessing the usability test, which reflects how well the human (user) 

interacts with the DAD application, it is necessary to know how much impact using 

the application has on the driver’s concentration. It is hoped that the use of DAD can 

increase driver awareness by better understanding railway crossings. Carofiglio et al. 

(2019) define emotionality as a measure of how concentrated a person is in using a 

product/application to carry out their tasks or activities. Concentration assessment 

can be done by installing Electroencephalogram (EEG) equipment on several 

respondents (Rahman et al., 2021). To determine changes in drivers’ alertness scores 

at railroad crossings, compare drivers without using the DAD application and with 

the DAD application when crossing railroad crossings. EEG will continuously 

monitor the driver’s focus value while crossing a level railroad crossing. EEG works 

with electrodes to record brain activity, which is reflected in the electrical voltage 

profile that appears. The EEG data collected in real time can be used to predict a 

person’s concentration level with good accuracy (Kaushik et al., 2022). 

EEG values are mapped according to the parts of the brain, namely the front, 

right, left, middle and back. The EEG wave frequency classification consists of alpha, 

beta, theta, and delta. Delta waves are in the frequency range between 0–4 Hz, Theta 

4–8 Hz, Alpha 8–13 Hz, and Beta above 13 Hz. Different brain waves have different 
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signal intensities at certain locations on the scalp and usually arise from different 

thought activities. The graph in Figure 4 shows a comparison of recorded driver 

concentration values before and immediately crossing a level railroad crossing using 

a DAD map and without a map. Based on field data collection with 10 driver 

respondents, it was found that the average concentration when not using the DAD 

application was 48.97 and after using DAD it was 59.58 or an increase of 21.66%. 

The graph further shows that the DAD map can maintain driver concentration better. 

In detail, it can be said that there is a gradual increase in the concentration value of 

drivers towards the railway crossing. For the green zone (distance > 500 m) the 

concentration value is 52.72, while the yellow zone (500 to 100 m) has a 

concentration value = 58.60, and for the red zone (distance < 100 m) the average 

concentration is = 66.39. 

 

Figure 4. EEG recording results to assess driver concentration with and without 

DAD map. 

The advantage of the Double Awareness Driving (DAD) map for the safety of 

drivers crossing railway crossings is that this application is mobile phone-based, 

which makes it easy to download and install. This application also allows it to be 

installed on various devices, including being integrated into the vehicle’s visual 

display. DAD is the first map that works with other applications such as Google 

Maps or can be integrated with Google Maps and is able to provide “guidance” to 

drivers in real time before crossing railway level crossings. This application can be 

developed in the future not only for drivers, but will also integrate with driver 

information systems and warning alarms at crossings without gate/attendant barriers. 

While the weakness of the current DAD application is that it is still limited to 

railway crossings, in the future it could be equipped with road maps that provide 

information and early warnings about sources of danger on other highways. The 

application still uses the internet network to continuously update the road map that 

will cross the railway crossing. In the future, a database needs to be built so that it 

can be used on roads where there is no internet connection. 
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5. Conclusion 

Driving accidents at railroad crossings are still very high, resulting in the loss of 

lives and material losses. The double awareness information system was built to 

increase focus and caution for drivers. The information system that was built 

provides information on the number of railroad tracks that will be traversed, both 

with gatekeepers and without gatekeepers or officers. In addition, the double 

awareness roadmap also provides dynamic guidance on the distance to the nearest 

railroad crossing in the form of 3 zone stages, namely the green zone for 

distances >500 m, the yellow zone for 500 m to 100 m, and the red zone for < 100 m. 

In addition, during the red zone, drivers will also receive updates on the position of 

the train, so they will continue to focus on preparing to stop when a train passes. The 

application that has been made has been tested for its ease of use through a visual 

display test in the form of a usability test. The usability test carried out resulted in a 

learnability value of 86.70, efficiency of 0.29 goals/s, errors of 0%, and a SUS score 

of 97.50 or category A (ready to use). The results of the EEG recording show that the 

DAD map can increase the driver’s concentration by up to 21.66%. The closer driver 

get to a level railroad crossing, the higher the driver’s level of alertness. 
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