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	Introduction: Traffic safety education needs to be taught to children at an early age. Traffic safety training for children in a real-world environment has several challenges and difficulties. Letting children practice in the real traffic environment will expose them to potential hazards. The purpose of this study was to develop media promotion for traffic safety education using a virtual reality (VR) for elementary school students.
Methods: This research design used the 4-D model (define, design, develop, and disseminate). Data were collected qualitatively by conducting FGDs and interviews, while quantitative data were collected by distributing questionnaires.
Results: The traffic safety VR media tested 4 scenarios, namely: driving equipment, traffic lights, how to cross the road, and walking etiquette. The validity test results show that VR traffic safety is feasible to be used as learning media for elementary school students. Students and teachers responded positively to this media. The advantage of this media is that it is fun and interactive for children. 
Conclusion: Media promotion for traffic safety education using virtual reality can be applied in a wider scope in other elementary schools. Future research can develop more complex scenarios such as cycling, crossing railroad, and many more. The use of virtual reality (VR) in traffic safety training provides an immersive and interactive learning experience, which is more engaging compared to traditional methods.
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INTRODUCTION 
[bookmark: _Hlk80000636][bookmark: _Hlk80016671]Traffic safety around the world remains a major concern. The 2018 global status report on road safety, launched by WHO in December 2018, highlighted that the number of road traffic deaths each year has reached 1.35 million. Road traffic crashes are now the leading killer of children and young adults aged 5-29 years (1). The same concern also exists in Indonesia. Traffic accidents in Indonesia show a concerning trend. After a decrease in the number of accidents from 116,411 in 2019 to 100,028 in 2020, the number rose again to 103,645 in 2021 (2). The death rate from traffic accidents per 100,000 population is around 12 people. This is very high compared to neighbouring countries such as Singapore (4.8) and Australia (5.2) (3). 
Yogyakarta is one of the major cities in Indonesia. Geographically, Yogyakarta is a potential area for traffic movement on the southern route of Java Island. The route includes national roads. With these conditions, the movement of road traffic in Yogyakarta from year to year is quite high and tends to increase. Thus, the number of accidents is also predicted to increase along with the increase in traffic movement. Based on data from the Yogyakarta Police Traffic Unit, during the 2017-2020 period, there were 2,554 traffic accidents (4). Meanwhile, according to the 2018 Basic Health Research (Riskesdas) data, Yogyakarta has an accident rate of 31%, the majority of victims are children (17.4%) (5). 
Children are particularly vulnerable to traffic accidents because they are still developing physically and cognitively and lack the experience and awareness needed to navigate traffic safely (6). Study (7) found that the main causes of road traffic accidents involving children are: walking in the wrong lane, and crossing the road in a dangerous manner. Meanwhile, study (8) found that the most common cause of road accidents involving children as pedestrians was sudden entry into the centre of the road. Another study identified that inadequate play environment factors can increase the risk of accidents (9).  Study (10) found that the main causes of road traffic accidents among children in Northwest India were due to their lack of awareness of traffic rules and the absence of pedestrian crossings in many areas. Research by (11) investigated traffic accidents involving children in Japan, highlighting that a large number of accidents occurred on single-lane roads without barriers. Meanwhile, the main factors contributing to the severity of injuries in child road traffic crashes are the lack of use of safety equipment in driving, such as seat belts for car passengers and helmets for cyclists and motorcycle riders (12). 
The main factors contributing to the high rate of traffic accidents in Indonesia include human error, poor vehicle condition, inadequate road maintenance, and environmental factors. Human error is identified as the main cause of traffic accidents (13). Due to the significant impact of human factors as the cause of accidents, education plays an important role in traffic safety. The role of education in traffic safety is to increase knowledge, change attitudes, target behaviour change, and ultimately reduce road deaths and injuries (14–18). A study in Shandong Province, China found that traffic safety education can improve motorists' knowledge and awareness (15). In Vietnam, traffic education has a positive impact on confidence, awareness, independence, and driving skills (16). 
Traffic safety education needs to be taught early to children as the early years are a critical time to introduce key concepts for lifelong learning (19). Traffic safety education in the early childhood curriculum can help children form realistic perceptions and theories about safe and unsafe actions (18,20–22). Research by (23)  explored the impact of traffic safety education on the road behaviour of Spanish children and adolescents, and revealed that knowledge of traffic rules is important in producing safer behaviour. Meanwhile, a study by (24) in Malaysia evaluated the effectiveness of traffic safety education interventions in primary schools in Malaysia from 2007 to 2010, targeting children aged 8 and 10 years. The findings showed a significant reduction in road crashes in the areas where the intervention was implemented. 
Teaching traffic safety education to children requires innovative learning methods that attract their interest. One of the most widely used learning methods is game-based learning. Game-based learning can improve knowledge of road rules and safety, showing significant improvements in participants' knowledge acquisition and retention (25). Games can also provide an immersive and engaging learning environment, which can increase interest in the subject matter and meet learners' needs more effectively than traditional methods. Moreover, game-based learning can bridge gaps in knowledge due to differences in age, prior experience, or beliefs, making it a versatile tool for education. Furthermore, games can improve cognitive achievement by providing authentic and engaging learning experiences in a safe environment (26). 
Traffic safety training for children in a real-world environment has several difficulties. Allowing children to train in an actual traffic environment exposes them to potential hazards (27–29). To overcome this problem, traffic safety training based on Virtual Reality (VR) technology seems to be a promising solution. In VR, the real-world environment is replaced by a realistic and safe virtual environment. Previous studies have confirmed the great potential of this approach (30). VR has the potential to facilitate knowledge acquisition, content comprehension, effective communication, and problem-solving skills (31,32). The implementation of fully functional virtual environments facilitates learning among people of different ages, and is safer than real-world experiences (33). VR is also cost-effective and able to reduce potential risks (34). 
Media promotion for traffic safety education using VR game have the potential to improve knowledge and recognition of dangerous situations, and how to properly handle these situations by providing a safe and immersive environment where users can practice road activities in a variety of dangerous situations (26). Several studies have been developed in traffic safety education using VR.  For example (35) developed the educational "Woodlands," a VR game designed to teach road safety to children in Ireland. The game combines theoretical and practical road safety skills, emphasising safe road crossing habits. The game received positive feedback from players.  Next (36) designed an interactive visual system to improve school children's road crossing behaviour. They confirmed an increase in children's road crossing knowledge after participation. Another study (37) evaluated an educational game designed to teach road safety to children aged 7 to 9, using an iPad-based platform and virtual reality. The game received positive feedback from the children, with the majority enjoying the game. The VR game showed significant improvement in terms of road crossing skills, indicating that immersive devices can effectively enhance traffic safety education. 
Yogyakarta showed an increase in the incidence of traffic accidents among children due to lack of knowledge and unsafe behaviour on the road (38). An effective intervention strategy that can be done for behaviour change is through safety education approach (39,40). The use of VR media has potential advantages in traffic safety education when compared to teaching in real traffic that can endanger children.  The use of VR in traffic safety education provides an immersive and interactive learning experience, which is more engaging compared to traditional methods. Currently, there is limited research in the development of traffic safety education media using VR for elementary school children in Indonesia. The purpose of this study was to develop a media promotion for traffic safety education using virtual reality for elementary school students. 

METHOD 
The research method used in this study is research and development (RnD). RnD is a research method used to make products and test the effectiveness of these products (41). The product developed in this study is media promotion for traffic safety education using virtual reality for elementary school students. The research design used a 4-D model approach (42) as presented in figure 1. 

Figure 1. Research design with 4-D model

The stages in the 4-D model consist of: define, design, develop, and disseminate. At the define stage, problems related to traffic safety in schools were identified and the need for traffic safety education development was identified. The design stage is carried out by selecting the educational media to be used and developing learning media. At the development stage, an expert validity test is carried out with experts in the fields of content, media, and language. At the dissemination stage, feasibility testing was conducted with teachers, and pilot test with students to get feedback.
The research data were collected through qualitative and quantitative approaches. Qualitative studies were conducted to identify the problems and needs for the development of traffic safety education for primary school students in Yogyakarta City with principals, teachers, parents, and security, as well as interviews to obtain feedback from students and teachers.  Focus group discussions (FGDs) and interviews were conducted to collect data. The research informants were taken using purposive sampling technique. The informants in this study were 31 people consisting of principals, teachers, parents, and students from 5 elementary schools in Yogyakarta City. The schools selected in the study were with the criteria of elementary schools located on the edge of the highway with heavy traffic. The selected schools consisted of public and private schools.  The quantitative study was carried out through the distribution of questionnaires in the validity test with experts. The expert criteria are as follows: 1) the criteria for media experts are: able to assess the aesthetics of the display of teaching materials, able to validate learning media products, mastering learning media, 2) the criteria for content experts are traffic safety experts, while, 3) the criteria for language expert is to have in-depth knowledge of linguistics through scientific studies. In addition, language experts must also have a certificate of proficiency in Indonesian language. The experts in this study validity test were: content experts from the Indonesian National Police, media experts from informatics engineering experts, and Indonesia language experts from Indonesian Language study programme lecturers. The expert validation questionnaire consists of 3 questionnaires, namely: media, material, and language validation questionnaires. The learning media expert validation questionnaire includes aspects of content feasibility, language, presentation, graphics, display design, video, animation, and ease of use. The material expert validation questionnaire includes: suitability of the material to the curriculum, suitability of the material to the learning objectives, suitability of the assessment technique to the learning objectives. The aspects of language validation include: the use of language in accordance with Indonesian language rules, the use of communicative language, the use of simple and easy to understand language. The questionnaire used a 4-point Likert scale: very good (4), good (3), less good (2), not good (1). The expert validity test is carried out by giving a questionnaire to the expert, then the expert provides suggestions and input for product improvement.
Qualitative data analysis started during the data collection process. FGDs recording were transcribed verbatim. A comprehensive understanding of the data was achieved by reading the transcripts several times. Data were analysed using Collaizi's approach (43), including re-listening to the recorded FGDs with the four different groups. Subsequently, the study extracted important phrases and statements from the transcripts and the step was to formulate meanings from these important statements, followed by organizing the findings into themes. Meanwhile, quantitative data was analysed descriptively. The media is considered feasible if it scores above 80.
  
Ethical Approval
This study was approved by the Ethic and Research Committee of Universitas Ahmad Dahlan (Approval Number: 012411345). All participants, including parents or guardians for participants under 18, provided informed consent prior to participating in the study. The confidentiality of all participants was strictly maintained throughout the research process.

RESULTS 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In the development of promotional media for traffic safety using virtual reality, the stages are; analysis of problems and needs for the development of traffic safety educational media, VR design, product validity testing, pilot test with teachers and students to get feedback on VR products that have been developed.

Problem Identification and Development Needs of VR Traffic Safety 
The results of problem identification found that there were unsafe behaviours of children while on the road, namely; crossing the road suddenly and running, not wearing helmets when riding motorbikes, and walking on the road in groups. A common unsafe behaviour among children is crossing the road suddenly, without looking left and right.
"Children often cross the road without looking to the right and left first, and sometimes they even cross while joking with their friends" (School Principal 1).
The results of identifying the needs of traffic safety education materials found that there are four materials that need to be taught: procedures for crossing the road, traffic lights, walking on sidewalks, and safe driving equipment. 
"The most basic knowledge that needs to be taught to children is how to cross the road safely and walk on the pavement" (teacher 6).
“Educational materials that need to be given to children are about traffic lights, and the importance of wearing a helmet when riding a motorbike" (security personnel 3).

Traffic Safety VR Design
In the development of promotion media for traffic safety education using VR, there are 4 scenarios created, namely: preparation before driving, understanding traffic signs, road crossing skills and walking etiquette. The first scenario played in VR traffic safety is preparing driving equipment. Players must first collect driving equipment consisting of: helmet, jacket, gloves, and shoes. 
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Figure 2. VR initial view (left) and collecting riding gear (right)

The second scenario played by players is driving and understanding traffic signs. There are three signs that will be passed, namely a red light where the player must stop, a yellow light to be careful, and a green light indicating to continue driving. Furthermore, the third scenario played by players in this VR game is the ethics of walking. Participants are asked to walk on the sidewalk with one row to the back.
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Figure 3. Knowledge of traffic lights (left) and practice of walking etiquette (right)

The last scenario in this traffic safety VR is the skill in crossing the road. In this scenario the player must cross at the zebra cross, look to the right and left before crossing, and giving signal by raising their hands before crossing. 
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Figure 4. Practice crossing the road

Product Validity of VR Traffic Safety
Promotional media for traffic safety using VR has been developed, followed by product validity testing. Product validation was carried out by media experts, material experts, and Indonesian language experts. The experts used the assessment sheet that had been provided. The assessment of the experts received a score of 85.79 so that it can concluded that the promotional media for traffic safety media using VR is considered feasible for use in learning.

[bookmark: _Hlk177069744]Table 1. The results of the expert validity test of VR traffic safety
	No. 
	Assessed component
	Percentage Value (%) 
	Category 

	1. 
	Media 
	87,5 
	Feasible 

	2. 
	Content
	85,94
	Feasible

	3. 
	Indonesian language 
	85,94
	Feasible

	Total Value
	257,38 
	- 

	Average
	85,79
	Feasible



The results of expert validity show that VR traffic safety is feasible to be implemented for elementary school students with some improvements: VR media is interesting for children, but if children have used it repeatedly it will cause boredom so that various scenarios with various levels of difficulty can be made.

Feedback
Students involved in the pilot test of the use of traffic safety promotional media using VR were very enthusiastic and very happy to try the VR traffic safety game. Most of them had never used VR before. They enjoyed the scenarios and tasks that they had to do, starting from collecting driving safety equipment, riding a motorbike and learning the traffic lights, walking on the sidewalk, and crossing the road at the zebra crossing. After trying out the VR some of the students had a good understanding of the equipment that must be used before riding and the meaning of traffic lights and they demonstrated their ability to cross the road.
Feedback from the teachers was also very good. They really appreciated that the traffic safety material taught was very useful and in line with the problem of unsafe behaviour that many children do, especially the behaviour of crossing the road carelessly. The teachers also emphasised that this type of activity is beneficial for children, especially at their age. They are very satisfied with this in-depth training procedure and highly recommend this type of activity for children in schools. 
"Setting the traffic environment as real so that children learn happily” (teacher 2)
“Usually, we find it difficult to teach traffic safety material directly to children, for example, when children cross the road, we have to line them up and supervise them while crossing the road. With this VR game, the risk is lower but the learning is still realistic and fun for the children” (teacher 5).
With the various advantages of VR, teachers and students expressed challenges in using VR. The challenge of using VR for students is that they feel dizzy if they use VR for a long time. Meanwhile, for teachers, they do not have sufficient understanding of VR technology, as well as constraints in terms of funding because the procurement of VR equipment is quite expensive.
“We feel that we are not familiar with this VR technology. Besides, this VR tool is quite expensive, so schools may find it difficult to buy it” (teacher 1).

DISCUSSION
Our findings revealed that the unsafe behaviour that is commonly found in children is crossing the road suddenly. This is due to the impulsive instincts of children, and the lack of knowledge and understanding of traffic procedures (44). Young children have limited abilities in crossing the road, such as awareness of traffic rules, visual search skills, risk detection and perception. As these abilities are acquired with age and experience, younger children are more at risk (17,45–47). Children must avoid distracting activities that could cause them to ignore important environmental cues and cross within the lines of the crosswalk in order to cross safely (48,49). 
The findings of this study are consistent with the study conducted by D.C. Schwebel and colleagues investigates the pedestrian behaviors of children crossing a busy street near a primary school in Changsha, China. The research highlights that children often cross without adult supervision, frequently ignoring safety advice and engaging in risky behaviors such as not checking for oncoming traffic (50). For a variety of reasons, kids may disregard safety precautions and participate in dangerous activities. One contributing aspect is the presence of adults, which may cause kids to assume they are safe since the adult will keep them safe. Children may disregard safety instructions as a result of this false sense of security. Furthermore, especially in the afternoon, children frequently cross streets with their friends rather than adults, which might result in hazardous behaviours such failing to check for traffic. The complexity of the cognitive-perceptual task of crossing a street, especially in dense traffic environments, can also contribute to risky behaviors, as children may struggle to quickly judge the speed and distance of oncoming traffic.
According to the findings of this study on the demands for traffic safety education materials, four things must be taught: safe driving equipment, traffic lights, sidewalk walking and crossing techniques. The analysis of educational content aligns with those of several other nations. Understanding traffic signs and wearing a helmet when driving are two safety education strategies that are advocated in Cambodia (51).  In Saudi Arabia, elementary school pupils are taught road safety through the use of cell phones while driving, seat belt use, blind spots, safe distances, and traffic signs (52).  Students' understanding of traffic safety improved because to the useful teaching resources offered. The educational materials provided proved to be effective in improving students' knowledge of traffic safety.
The results of this study indicate that VR traffic safety education is feasible to be implemented in elementary schools. Thus, schools can integrate traffic safety education into the learning curriculum. In addition, schools need to provide training for teachers related to VR technology so that they understand and are familiar with how to operate VR. Stakeholders such as the education office are expected to support the implementation of VR traffic safety education with policy and budget support for the implementation of traffic safety education using VR in schools, establish cooperation with technology companies to support the application of VR technology in schools, and increase awareness of the use of VR for traffic safety education widely to schools and the community. 
Teachers and students gave positive feedback on the advantages of using VR. The VR system allows children to engage in realistic simulations where they can practice road safety exercises without the risk of real-world dangers. This setup uses a 3D realistic virtual city with intelligent traffic systems, enabling children to learn and practice traffic rules in a controlled environment. Additionally, the use of VR has been shown to significantly enhance children's learning skills, allowing them to transfer improved behaviors from the virtual environment to real-world situations (53). Study by (54) evaluated the effectiveness of VR environments in teaching children aged 7-12 how to cross streets safely, finding that VR training significantly improved street crossing skills in both virtual and real-life scenarios. These findings suggest VR simulations can be a valuable tool in improving pedestrian safety skills among children.

Limitations and Cautions
The limitation of this study is that the pilot test was limited to 5 schools in Yogyakarta Special Region. It is recommended that traffic safety education using VR can be applied more widely in other cities in Indonesia that have a high number of traffic accidents. A further limitation of this study is that the scenarios developed are still simple and limited to four traffic safety skills. The weakness of VR is that it can cause motion sickness, so it is recommended for users if they feel dizzy to stop using it immediately.

Recommendations for Future Research
For future research, it is expected to develop more complex VR Traffic Safety Education scenarios such as cycling to school, being a passenger in a car, crossing railroad tracks, etc.

CONCLUSION
Traffic safety education needs to be taught to children as early as possible. Learning traffic in a real environment setting is very difficult and can be dangerous for children. Learning with VR technology is very beneficial. The unsafe behaviour of children on the road is crossing the road suddenly and running. Thus, we designed a VR game to simulate traffic safety knowledge and skills. There are 4 scenarios trained in this VR which are; pre-driving equipment, traffic lights, how to cross the road, and walking etiquette. The VR traffic safety product has obtained valid test results from the validity test with material experts, media experts, and language experts. The advantage of using VR is that the learning process becomes interesting for children. Further study can be improved by adding more complex scenarios, such as more difficult activities like bicycling, securely crossing a railway, and many more.  To scale up the implementation of traffic safety education using VR more widely in Indonesia, the main steps that are urgent to do are policy support and funding from the ministry of primary and secondary education, making standard operational procedures for developing VR traffic safety education, infrastructure support, cooperation and collaboration with technology companies, training and awareness campaigns.
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