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Abstract

Road traffic accidents are a leading cause of injury and death among adolescents, making
road safety education crucial. This study assesses the performance of and users’ opinions
on the Route 2 School (R2S) traffic safety education program, designed for secondary
school students (13–17 years) in Belgium. The program incorporates gamified e-learning
modules containing, among others, podcasts, interactive 360◦ visuals, and virtual reality
(VR), to enhance traffic knowledge, situation awareness, risk detection, and risk manage-
ment. This study was conducted across several cities and municipalities within Belgium.
More than 600 students from school years 3 to 6 completed the platform and of these
more than 200 students filled in a comprehensive questionnaire providing detailed feed-
back on platform usability, preferences, and behavioral risk assessments. The results
revealed shortcomings in traffic knowledge and skills, particularly among older students.
Gender-based analysis indicated no significant performance differences overall, though
females performed better in risk management and males in risk detection. Furthermore,
students from cities outperformed those from municipalities. Feedback on the R2S plat-
form indicated high usability and engagement, with VR-based simulations receiving the
most positive reception. In addition, it was highlighted that secondary school students
are high-risk groups for distraction and red-light violations as cyclists and pedestrians.
This study demonstrates the importance of gamified, technology-enhanced road safety
education while underscoring the need for module-specific improvements and regional
customization. The findings support the broader application of e-learning methodologies
for sustainable, behavior-oriented traffic safety education targeting adolescents.

Keywords: process evaluation; road safety education; secondary school students;
e-learning; game-based learning; gamification

1. Introduction
Road traffic accidents are the leading causes of unintended injury and death among

young people aged between 15 and 29 [1]. Around 220,000 children and adolescents aged
0–19 die annually in road traffic accidents [2]. In Western nations, road traffic accidents are
responsible for 35–40% of the injury-related mortality of adolescents and young adults [3,4].
They are considered the ninth most common cause across all age groups globally and are
expected to become the seventh leading cause by 2030 [1]. Thus, road safety is one of the
most serious worldwide public health issues to date [5].
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In the case of Belgium, the number of fatalities has decreased by 24% over the last
ten years, which resembles the EU trend [6]. In 2019, 646 people were killed in reported
traffic accidents in Belgium, and the frequency of fatalities has decreased for all transport
modes except for cycling, which increased by 13% over the last ten years [6]. Cycling is a
major mode of transport in Belgium, and cyclists are considered vulnerable road users [7–9],
and children mainly use bicycles as a mode of transport to go to school. From 2010 to 2012,
the home–school commute for children was recognized as an area where nearly 3/4 of
injuries or deaths involving children occurred in Belgium [10]. It is mainly because children
and adolescents aged 5–18 years are enrolled in school and are more exposed to the traffic
environment while commuting to school. Moreover, about 1/3 of the number of victims
are currently vulnerable road users, of which the majority (about 25%) are cyclists [10].

In Belgium, primary education covers children from approximately 6 to 12 years
old (school year 1–6), followed by secondary education from around 12 to 18 years old
(school year 1–6) [11,12]. The present study focuses on students in school years 3 to 6 of
secondary education, typically aged 13–17 years, who are in the later stages of secondary
school. Understanding this educational structure is important, as road safety knowledge
and behaviors may differ depending on prior educational exposure, mobility habits, and
developmental stage.

Because of the high accident rates among children, many parents take their children to
school by car instead of letting them go by bike or on foot [13]. Although cycling holds cul-
tural significance in Belgium, actual commuting choices are increasingly shaped by safety
concerns and practical considerations. Studies have shown that walking and car travel
are becoming more prevalent among school-aged children, particularly in urban settings
where traffic density and parental safety concerns influence transport decisions [14,15].
Also, this has adverse consequences for the development of their children as self-employed
road users, limits their knowledge of the environment, and damages their growing in-
dependence [16–18]. Research shows that experience and active exposure to traffic are
essential links in developing general skills and specific skills needed in traffic [19]. Given
this important share, a great deal of progress can therefore be made here to improve road
safety among children. Recent advances in reliability and risk-informed methodologies
have highlighted the value of integrating data-driven and simulation-based approaches to
improve safety-related decision-making [20]. Building on these trends, this study evaluates
the Route2School (R2S) platform, which leverages gamified content, virtual reality (VR)
modules, and scenario-based training to enhance students’ road safety knowledge and
decision-making skills.

1.1. Traffic Safety Education

As outlined by Vermont’s Safe Routes to School framework [21], road safety educa-
tion is one of the five core components, commonly known as the ‘5 E’s, that collectively
contribute to improving traffic safety. Education, in particular, plays a foundational role
in reducing road traffic accidents by increasing awareness, building skills, and shaping
attitudes. According to Rose et al. [22], effective road safety education rests on three pillars:
raising awareness of traffic regulations, improving practical skills, and promoting a posi-
tive attitude toward safety. These interconnected elements highlight education’s unique
position within traffic safety strategy [23].

Education has been identified as a critical approach for reducing traffic accidents [24–26].
Studies conducted on crash investigation showed that human variables contribute more
towards road accidents and dominate environmental and vehicle factors [27,28]. The type
of vehicle, the road environment, and human mistakes all impact the severity and frequency
of traffic accidents. Almost 95.4% of traffic accidents are caused by human mistakes, over-
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shadowing environmental and vehicle causes [29]. Many interacting factors contribute to
human mistakes, including practical inexperience with driving itself [30,31], but also norm-
breaking behaviors such as speeding, distracted driving, and sensation-seeking [32,33]. In
addition to their lack of experience and norm-breaking actions, their awareness of traffic
conditions and perception of road safety cause them to engage in a variety of risky driving
behavior [33]. Therefore, the emphasis should be on the human aspects and developing
techniques to limit human error.

Past research revealed that school-based traffic safety education initiatives successfully
raise participants’ awareness and encourage safer conduct worldwide [29]. Initiatives
aimed at vulnerable road users, such as programs focused on cyclist safety [34,35], have
proven effective in imparting knowledge to individuals using the road, whether it is about
cycling safely or enhancing adherence to helmet usage for motorcyclists [36]. Also, the
traffic safety education programs at the school level help students or novice drivers expand
their knowledge and skills while in different traffic situations. Road safety education
initiatives targeting learner drivers, using seminars and workshops that emphasize reduc-
ing risk-taking behaviors, have significantly decreased participants’ relative crash risk by
44% [37].

The capability of e-learning to effectively train and educate individuals has gained
considerable recognition across various disciplines. However, its application in the realm
of traffic safety remains relatively unexplored. While e-learning platforms and digital
educational tools have predominantly found utility in traditional academic settings, they
have also demonstrated their value in assisting non-traditional learners, such as out-
of-school children [38], and promoting positive behaviors like fostering healthy eating
habits [39].

The purpose of traffic education is to develop safe movement and orientation in traffic,
to transfer survival tactics in the short term, and to promote safe and responsible behaviour
in the long term [40]. Traffic education must be age-appropriate as road safety is the
primary concern between 10–12-year-old children and their parents [41]. Consequently, it
is essential to craft traffic education while considering the child’s developmental phase.
This approach aids in the comprehension of traffic regulations among young individuals
and cultivates a positive stance towards road safety. Research has shown that initiating
such education at an early age reaps significant benefits [42]

Many people perceived conventional learning methods in school as ineffective and
boring, decreasing the students’ motivation and engagement [43]. With technological
advancement, traditional training methods have been replaced by gamified methods,
increasing the students’ engagement and helping them see real-life experiences via VR.
Computer-based training has been utilized successfully in road safety interventions for
driver education and training [44–46]. However, this study caters to students who have
obtained provisional licenses and will be driving soon.

1.2. Route 2 School (R2S) Education: An Online Road Safety Education Program

R2S, a gamified e-learning road safety education platform, was developed in 2017–2018
by the Transportation Research Institute (IMOB) in Belgium for pupils of primary schools
with a focus on safe cycling. Moreover, it is an online training of traffic knowledge and
skills that uses footage (i.e., pictures and videos) from Belgium and gamification elements
for students.

R2S Education aims to improve traffic knowledge and skills among pupils. Initially,
it was implemented in Belgium [40] among 2nd- and 3rd-grade primary education stu-
dents via an online platform. Later, it was implemented in Indonesia [47], Vietnam [48],
Palestine [49], and Pakistan [50]. The major concerns of all these studies were to increase
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awareness among school students about traffic safety and to deal with different situations
while on the road. Lessons learned from prior R2S implementations in Indonesia, Vietnam,
Palestine, and Pakistan highlighted the importance of cultural and contextual adaptation.
For example, in Indonesia and Pakistan, modules emphasized motorcycle safety due to the
prevalence of two-wheeled transport, while in Vietnam, local traffic patterns and helmet use
were prioritized. These international experiences informed the Belgian version by ensuring
local relevance, focusing on cycling and novice driving, and leveraging Belgium’s strong
digital infrastructure for VR integration and 360◦ imagery. Such adaptations were essential
to maintain user engagement and educational effectiveness across diverse contexts.

The motivational aspect of teaching is usually addressed in gamified learning using a
challenge-based approach, where students are challenged to do better [51]. Still, the self-
paced and different tasks in the module layout offer the learners a certain level of challenge,
a key motivation factor among students. This aligns with mastery-based learning, where
students are driven to achieve personal improvement and complete tasks without external
pressure [52].

The R2S platform utilizes modules that increase in difficulty as students advance. This
structured progression, where each level presents new challenges, reflects the concept of
incremental learning, gradually promoting traffic knowledge and skills development [53].
This type of progression is central to increasing student engagement, as it mirrors video
game mechanics that motivate learners by offering increasingly complex tasks [54].

The R2S education platform offered a question comprising multiple game rounds
that increase difficulty so that a structured learning process can be offered. This allowed
students to carry out the game rounds at home (e.g., spread over several weeks) with a
limited time investment (per week). Throughout the game rounds, the difficulty level
increases and students develop better insights into traffic situations in which knowledge
and skills such as situational awareness, risk detection and management are central.

Gamification employed in the R2S platform supplements the comprehension of the
material and improves knowledge recall and practical application of such skills. Since
secondary school students are more used to the digital environment, the game elements
ensure that the program is in harmony with students’ learning, hence the encouragement
that makes the content relevant and appealing [55].

Students can get immediate feedback after finishing each task or answering the ques-
tion. It involves an explanation of the right answers and points for improvement. Score
points and progression through levels are examples of reward systems, which are the key
components of gamification and positively influence learners’ engagement and knowledge
retention [56]. Research indicates constructive feedback is critical in helping learners stay
motivated by correcting errors on time [57].

Students learned the traffic rules (knowledge) [58,59], to pay more attention to all
elements in traffic (situational awareness) [60], to detect risks (risk detection) [61] and
to deal with these risks (risk management) [62]. However, R2S Education was recently
developed for secondary school students, focusing on safe driving.

1.3. Aim of the Study

This study’s main aim was to assess the new gamified e-learning traffic safety ed-
ucation platform for secondary school students in different municipalities and cities in
Belgium. The following research questions were formulated:

• How do students overall perform on the gamified e-learning platform? How do
student scores vary across school years, gender, and region (city/municipality)?

• Which module presents the most significant challenge for students regarding perfor-
mance and comprehension?
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• What are the students’ opinions about the R2S platform?
• How often do pupils perform risky traffic behavior and assess their knowledge

and skills?

2. Materials and Methods
2.1. R2S Education for Secondary School Students

R2S Education for secondary schools students is comparable with the version for
primary school students (e.g., gamified e-learning tool with a focus on feedback), with
some differences: (1) the target group is older: students from schoolyear 3rd to 6th of
secondary schools (13–17 years old), (2) the focus is not only on cycling but also on driving,
as in Belgium, a driver’s license can be obtained at 18 years old and provisional at 17 years
old. Also, some participants have already received their provisional or definitive licenses or
are novice drivers. (3) In addition to traffic knowledge and skills (i.e., situation awareness,
risk detection and risk management), the platform now also focuses on (virtual) traffic
behavior. Since traffic education must fit into the world of young people, Virtual reality
was used in the platform to simulate (cycling and driving) traffic behavior of participants
as VR enables the students to gain experience that is impossible to acquire in real life [63].
Therefore, it is a significant advancement in an online educational environment. Participants
experience realistic traffic scenarios in this virtual world, including intersections with right-
turn priority. They received feedback on their virtual behavior and had to re-ride until they
completed the journey without any mistakes.

Last but not least (4), along with the photos and videos from the cyclist’s point of
view, the platform also incorporated camera images along the road and drone images at
heights where certain traffic situations are visible. They also incorporated 360◦ images
where the participants could turn 360◦ and look in any direction to understand the traffic
situation. Lastly, the podcast was also added to the platform, which included the interview
of a traffic safety expert, and later, certain questions were asked of the participants. Overall,
the secondary school platform consists of six modules. Since it is an online platform, the
participants have the liberty to fill it out either at school or at home to minimize their
school workload. This study was performed in the upper region of Belgium (i.e., Flanders).
Around 14 schools showed interest in the R2S education program.

2.1.1. Development of R2S Platform for Secondary Education

The main concept of developing an online platform for secondary school students
was the same as the platform for elementary school. It mainly has four modules for
primary school students: traffic knowledge, situation awareness, risk detection, and risk
management. However, new teaching methods and materials were inserted, i.e., a podcast,
360◦ footage, and VR technology to improve students’ knowledge, skills, and behavior on
the road.

Traffic Knowledge Module

This module was developed to test users’ knowledge about traffic safety. It consists of
two submodules. The first module tests students’ knowledge regarding traffic rules, i.e.,
traffic signs, symbols etc. The main aim is to test the participants’ traffic knowledge based
on ten questions. Also, feedback is provided immediately after participants answer the
question, where additional explanation is given about the correct answer.

Similarly, the second submodule consists of two parts. Firstly, the participants were
presented with a podcast on hand-free calling, in which a traffic safety expert is being
interviewed. After the podcast was finished, ten questions were asked about the podcast.
Therefore, the participants must listen to the podcast carefully to answer those questions.
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Situation Awareness Module

This module was a new addition to the online platform as it was made based on
360◦ images. It consists of a module with ten questions about different traffic scenarios.
Thanks to 360◦ images, the participants had the liberty to rotate the image left and right
to view the entire environment. The feedback after each question was also displayed
with an additional explanation of the answer. The feedback improved the participants’
understanding of different traffic situations.

Risk Detection Module

This module was developed to check the skills of risk detection among the participants.
It also consists of three sub-modules. The first submodule, entitled “Find the danger”, aims
to test the risk detection of participants. The participants were shown ten images to ask
where they should pay attention first. After each question, the feedback was provided with
a detailed explanation of the risk in the given image. Similarly, the second submodule,
entitled “Traffic in Everyday Life,” aimed to search for traffic violations in different video
clips. Feedback was also provided after each question to make the participants understand
the traffic violations.

Moreover, the third sub-module was a new addition to the platform as the drone was
added. This module’s main aim was to assess participants’ ability to detect risk behaviors
or irregularities of other road users. It has two types of questions. Firstly, the video clip
was shown to the participants, and they had to identify where the traffic violation took
place. The drone was placed at a certain height where the participants could overview
the entire traffic situation. A specific box was added in the video for the second type of
question. The participants intended to look at the situation within the box and answer the
question after the finished video. As mentioned above, feedback was provided after every
question to provide a better understanding of the situation. Figure 1 illustrates examples of
the risk detection questions, showing both the general traffic scene and the version with
a highlighted focus box. These visual aids supported participants in identifying traffic
violations or risks with greater precision.

 

Figure 1. Aerial traffic scenario from the R2S platform. Left: “Where do you see a traffic violation?”
Right: Focused view within the orange rectangle.

Risk Management Module

This module was similar to risk management, where different traffic safety scenarios
were shown in the images, and participants had to answer them correctly. This module
is intended for the participants to indicate the best possible behavior to exhibit. The ten
multiple-choice questions were asked with an image to visualize the situation. After each
question, detailed feedback was provided so the participants knew about different traffic
risk situations and acted accordingly.
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Virtual Behavior Module

This module was innovative compared to other traffic education initiatives because
the VR technology was used. No joystick or VR glasses were used to make it friendlier and
more economical. The participants can navigate and look right and left using the arrows on
the keyboard. The module examined how participants behaved in a virtual world if they
encountered different traffic situations (i.e., an intersection with priority from the right,
an intersection with a stop sign, a pedestrian who wants to cross at a zebra crossing, a
pedestrian who wants to cross without using a zebra crossing). In addition to this, the
module also measured whether participants showed the right viewing behavior (i.e., looked
at least 1x left and right when crossing the street) and whether they followed the speed limit
when driving. Participants had to go through the process again until they got it perfectly.
Figure 2 displays the virtual interface used in the ‘Take a Bike Ride’ and ‘Take a Car Ride’
modules. These images show the navigation layout and user interaction elements, allowing
participants to engage with realistic traffic scenarios without specialized hardware.

 

Figure 2. Take a Bike Ride (Left), Take a Car Ride (Right).

2.1.2. Gamification Elements Used in the Platform
Interactive Simulations and VR

The platform uses distinct VR elements where students drive or cycle through a
simulated road environment. This approach provides an excellent opportunity for students
to engage in simulated traffic decisions, which can be regarded as applying theoretical
knowledge in practical activities [64]. The effects of using VR education aid are that it
enhances spatial intelligence and problem-solving, making it an essential component in
educational road safety [65].

Engaging Visual and Audio Elements

Incorporating 360◦ visuals, drone footage, and podcasts in the platform supports the
gamification strategy by providing diverse sensory inputs that enhance learner engagement.
Studies show that students prefer viewing videos and listening to podcasts, which helps
them better understand concepts because knowledge is delivered in different formats [66].

2.2. Questionnaire

This study also utilized a comprehensive structured-based questionnaire to gather data
on participants. This questionnaire explored demographic details, transportation habits,
self-reported traffic knowledge and skills, and behavioral tendencies, such as distraction
and red-light violations. Moreover, participants gave feedback on the platform. Likert scale
and frequency-type questions were used. Participants could fill this in voluntarily.

It began with consent-based participation, which is necessary for proceeding, and
demographic questions such as gender, age, and education level. Participants were then
asked about their experiences with online traffic education and preferences regarding the
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specific R2S educational modules like quizzes, podcasts, and interactive features such as
360◦ images and virtual rides.

The questionnaire extensively employed Likert scale questions to measure participants’
levels of agreement or satisfaction with various aspects of the online traffic education plat-
form, such as its clarity, informativeness, and ease of use. Open-ended questions allowed
participants to suggest improvements to traffic education and share additional thoughts.

Additionally, Likert scales were used to assess self-reported behaviors and perceptions
of traffic safety, such as adherence to traffic rules, attention levels, and the perceived
danger of risky behaviors like using a phone while cycling or crossing streets without
looking. Questions also addressed participants’ transportation habits, involvement in
traffic accidents, and experiences with traffic violations.

Behavioral tendencies were explored through frequency-based questions, asking
participants how often they engaged in specific actions such as crossing streets unsafely,
running red lights, or using phones while navigating traffic.

The questionnaire further examined participants’ self-assessed traffic knowledge and
skills across different modes of transportation (e.g., pedestrians, cyclists, or drivers).

This questionnaire was administered to participants who had started the R2S platform.
By filling out the questionnaire after using the platform, participants could provide feedback
specifically to assess the platform’s content, design, and impact on their traffic-related
knowledge and behaviors.

2.3. Participants

This study was conducted among the different schools in Belgium. Around nine cities
and four municipalities were involved in this project. The students subscribed to this
platform were from schoolyear 3rd to 6th and were around 13–17 years old. Participation
in this platform was voluntary. Almost 1264 participants subscribed to this platform;
the maximum number of participants was from cities (835 participants) compared to
municipalities (429 participants). In this study, we refer to ‘cities’ as larger urban centers
with higher population density and more extensive transportation infrastructure, while
‘municipalities’ refer to smaller, often semi-rural or rural administrative units with their
own local governance but typically fewer resources and lower population density [67].
Male, Female and X (do not want to recognize) participated in this study. For analysis, the X
data were omitted as it was only 3% of the data, and it may affect data analysis since gender
differences were investigated. Of these 1264 participants, 1199 started with the modules,
and of the 1199 participants, 602 completed the whole platform, meaning a dropout rate of
50.2%. The data were collected at the end of the academic year (April–May 2023).

Among the 1264 participants who subscribed to the platform, a questionnaire was
offered to participants from two schools. Of these, 272 gave consent and started filling in
the survey; however, 30 were deleted since they did not follow the platform completely,
and another 30 were deleted since they did not complete the survey. Hence, data analysis
was conducted on 212 participants.

2.4. Analysis

This study processed the statistical analyses using SPSS (IBM Statistics 29.0.1.1) and
Python (version 3.9). To examine the results on the platform, descriptive statistics were
used to examine the performance of secondary school students in Belgium across different
demographic groups and educational modules. To find the effect of gender and school year,
one-way analysis of variance (ANOVA) and t-test were performed. These were mainly
performed to compare the score distribution among different school years. The post hoc
Tuckey (HSD) test with Bonferroni correction was used for pairwise comparisons to identify
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specific group differences. These analyses were conducted to explore variations in per-
formance by gender, school year, and region, providing an understanding of educational
outcomes and improvement areas. Only the corrected F and probability values are reported.
A confidence level of 0.05 was maintained for all statistical tests. Descriptive analyses were
conducted to examine the questionnaire results and explore the demographics, partici-
pants’ feedback about the platform, the strengths and challenges of the platform, and the
participants’ perception of traffic safety.

3. Results
3.1. R2S Platform
3.1.1. Demographic Analysis

This study examines the demographic characteristics of 1264 participants in secondary
school in Belgium, as shown in Table 1. The sample showed more female respondents (56%)
than males (44%). Regarding education level, most participants were in the middle of the
school year, with 3rd- and 4th-year students collectively representing 66% of the sample.
The 5th- and 6th-year school students accounted for one-third of the participants.

Table 1. Demographic statistics of secondary school students.

Demographic Data (N = 1264)

Gender Number (%)
Male 550 (44)

Female 714 (56)

School Year Number (%)
3rd year 418 (33)
4th year 420 (33)
5th year 207 (16)
6th year 219 (18)

3.1.2. Students’ Performance Across Modules

This study comprises five main modules and nine sub-modules in total. Each module
addresses the unique aspects of traffic safety and transportation. Participants varied across
modules, ranging from 602 to 1199 students. Among all the modules, the “Take a bike ride”
module was the most successful, with the highest mean score of 96.69 (see Table 2) and the
lowest standard deviation of 5.85. This suggests that the students performed consistently
better in this module, with scores ranging from 60 to 100.

Table 2. Score distribution across different modules for students.

Modules Sub Modules Number Mean/
Submodule Std Dev Min

Scores
Max

Scores

Traffic Knowledge Test your knowledge about the traffic rules 1199 70.35 17.35 0 100
Learn from an expert! 628 75.25 16.13 0 100

Mean Score of Module 72.80
Situation Awareness Look carefully around you in traffic! 781 77.91 16.95 50 100

Mean Score of Module 77.91

Risk Detection
Look for the danger! 810 62.15 17.33 0 100
Traffic in everyday life! 618 77.62 24.74 0 100
Take a look through the eyes of a drone! 695 58.59 24.13 0 100

Mean Score of Module 66.12
Risk Management Be careful with the risks in traffic 742 81.89 15.34 10 100

Mean Score of Module 81.89

Virtual Behavior Take a car ride! 602 81.28 20.27 0 100
Take a bike ride! 697 96.69 5.85 60 100

Mean Score of Module 88.99
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On the other hand, the submodule ‘Take a look through the eyes of a drone’ of the
“Risk detection” module had the lowest mean score of 58.59 and a maximum standard
deviation of 24.13. This indicates that the students found this more challenging, and there
was a wide range of performance levels, with scores spanning from 0 to 100. Moreover, the
“Traffic Knowledge” module had the highest number of participants (1199) but a relatively
low mean score (72.80). In addition, most of the modules had a minimum score of 0 and a
maximum score of 100, indicating a wide range of student performance levels. The score
distribution across different modules for students can be seen in Table 2.

3.1.3. Gender-Based Analysis of Module Performance: Mean Scores and Variability

Table 3 indicates distinct performance patterns across different gender groups and
educational modules. There was no significant difference between the mean scores for
males (73.24) and females (74.24) (F: 0.536, p-value: 0.464). However, both groups showed
high proficiency in the VR module, particularly in “Take a bike ride” (Male: 97.12, Female:
96.23), as children in Belgium started riding bikes at the age of five [68]. On the other
hand, the lower score observed in the Risk Detection module (Male: 67.87, Female: 65.77)
suggested that this module presents more challenges to the participants. Some differences
were revealed in particular sub-modules: i.e., female respondents scored higher in the
specified Risk Management module: ‘Be careful with the risks in traffic’ (Male: 77, Female:
83.02). Equally, both male and female mean scores are relatively low in the Risk Detection
sub-module ‘Find the danger’ (Male: 59.77, Female: 62.15).

Table 3. Summary of mean scores and variability in each module by gender.

Gender Module Sub-Modules Mean/
Module

Mean/
Submodule Std Dev

Male

Traffic Knowledge Test your knowledge about the traffic rules 69.10 67.36 19.33
Learn from an expert! 70.85 16.53

Situation Awareness Look carefully around you in traffic! 75.58 75.58 15.58
Risk Detection Find the danger

67.87
59.77 22.15

Traffic in everyday life! 79.76 22.84
Take a look through the eyes of a drone! 64.10 27.60

Risk Management Be careful with the risks in traffic 77.00 77.00 20.53
Virtual Behavior Take a car ride! 86.76 76.40 19.98

Take a bike ride! 97.12 6.96
Overall Mean 75.26

Female

Traffic Knowledge Test your knowledge about the traffic rules 71.96 69.12 17.08
Learn from an expert! 74.80 15.45

Situation Awareness Look carefully around you in traffic! 79.65 79.65 16.58
Risk Detection Find the danger

65.77
62.15 18.99

Traffic in everyday life! 76.47 27.72
Take a look through the eyes of a drone! 58.69 24.46

Risk Management Be careful with the risks in traffic 83.02 83.02 12.91
Virtual behavior Take a car ride! 89.39 82.56 20.25

Take a bike ride! 96.23 5.53
Overall Mean 77.96

3.1.4. Gender-Based Performance Trends Across School Years

Figure 3 represents the mean score value across different school years for gender
groups: Male and Female. Overall, the data showed an upward trend in mean scores in-
creases as students’ progress through their school years, indicating academic improvement
over time. However, this trend is not significant. Although there is a minor fluctuation
among genders performing better in specific years, the overall difference remains small. By
the final year, similar academic results were shown by both males and females, indicating a
general balance in performance over time.
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Figure 3. Mean scores across Gender and school years.

3.1.5. Performance Comparison Across Municipalities and Cities

Students from cities scored higher on average (Mean = 75.26) than those from munic-
ipalities (Mean = 69.95), with a mean difference of 5.30 points, indicating a performance
advantage for city students. An independent samples t-test confirmed this difference is
statistically significant (t = 4.117, p < 0.001) even when accounting for unequal variances.
The 95% confidence interval for the mean difference (2.78 to 7.83) supports that city stu-
dents significantly outperformed municipality students, suggesting a meaningful gap in
traffic safety knowledge favoring those from urban areas. Table 4 shows the regional
performances across different RSE modules.

Table 4. Performance of municipalities and cities across different RSE modules.

City/Municipality N Mean Mean Difference Std. Deviation Std. Error Mean

Scores City 835 75.26 5.30 19.89 0.69
Municipality 429 69.95 22.55 1.09

3.1.6. School Year Distribution Analysis

Similarly, one-way ANOVA was applied during the school year to determine the
significant difference in the distribution among the groups, as seen in Table 5. The result
showed a significant difference (F:11.019, p-value < 0.001) during the school year. The post
hoc test (Tukey HSD) was performed to assess further which school years show significant
differences, as seen in Table 5. The result shows a significant difference in score distribution
between certain school years. Specifically, in school year 3, students consistently performed
worse than in other school years 4, 5, and 6 with statistical differences (all p < 0.01) and
lower mean differences. In contrast, no significant differences were found between school
years 4, 5, and 6, indicating similar performance levels among these groups.

3.2. Questionnaire Results
3.2.1. Demographic Statistics

The demographic data in Table 6 provide an overview of the gender and education
levels of the 212 students who participated in the online questionnaire. Among the respon-
dents, 62 (29%) identified as male and 143 (68%) as female. Regarding their education levels,
the participants were distributed across various academic years. A total of 31 students
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(15%) were in their 3rd year, 68 (32%) in their 4th year, 57 (27%) in their 5th year, and 56
(26%) in their 6th year of study. This distribution reflects a diverse representation of both
genders and academic stages, offering an understanding of the demographic profile of
the respondents.

Table 5. Pairwise comparison among the school year using the Tukey method.

Multiple Comparisons
Tukey HSD

(I) School Year (J) School Year Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval
Lower Bound Upper Bound

3 4 −6.19 * 1.43 <0.001 * −9.87 −2.51
5 −5.95 * 1.76 0.004 * −10.47 −1.42
6 −9.13 * 1.72 <0.001 * −13.57 −4.67

4 3 6.19 * 1.43 <0.001 * 2.51 9.87
5 0.24 1.76 0.999 −4.28 4.76
6 −2.94 1.72 0.323 −7.38 1.50

5 3 5.95 * 1.76 0.004 * 1.42 10.47
4 −0.24 1.76 0.999 −4.76 4.28
6 −3.18 2.01 0.388 −8.34 1.98

6 3 9.13 * 1.73 <0.001 * 4.67 13.57
4 2.94 1.73 0.323 −1.50 7.38
5 3.18 2.01 0.388 −1.98 8.34

* The mean difference is significant at the 0.05 level.

Table 6. Demographic statistics of students who participated in a questionnaire.

Demographic Data (N = 212)
Gender Number (%)

Male 62 (29)
Female 143 (68)

School Years Number (%)
3rd year 31 (15)
4th year 68 (32)
5th year 57 (27)
6th year 56 (26)

Mode of Transport (Multiple choice) Number
Pedestrian 185

Cyclist 120

Car Passenger 166
Driver 32

Moped Passenger 10
Driver 7

Moreover, the mode of transport data, which allowed for multiple responses, indicate
that pedestrian travel was the most common choice, with 185 participants using this mode.
Car passengers (n = 166) and cyclists (n = 120) followed this. Fewer participants reported
being car drivers (n = 32), moped passengers (n = 10), or moped drivers (n = 7).

3.2.2. Participant Feedback on the R2S Education Platform

This section provides an overview of participant feedback on the R2S education
platform, focusing on key modules, strengths, challenges, and areas for improvement, as
highlighted by qualitative responses.

Feedback on Key Modules

This provides an overview of participant feedback on three key modules of the R2S
education platform: podcasts, 360◦ images, and take a bike/car ride. When it comes to
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the podcast, most of them found that their experience with it is informative and precise.
The numbers are as follows: they totally agree with 15.1% and rather agree with 24.5%
for the informativeness item. However, 53.8% of the respondents were neutral about the
statement. Approximately one-third of the questions on the podcast were considered
clear by 33.5%.” rather agreed,” and another largest percentage (46.2%) of the participants
remained “neutral.”

From the respondents’ feedback for the 360◦ images module, 24.5% strongly agreed,
36.3% rather agreed that the feedback given was informative, and 33.5% were relatively
neutral. Likewise, 36.8% “rather agree” that the number of questions was enough, 31.1%
remain “neutral.” Regarding the statement that turning in the images has been seen as
easy, 32.1% of respondents said “rather agree”, 18.9% replied “totally agree”, and 30.2%
remained neutral.

The simulated bike/car rides generally received well in the provided feedback. Re-
garding the ‘moving with the arrows’ participants, 32.1% ‘totally agree’ and 29.7% ‘rather
agree’ the ‘enjoying moving through this environment’, and 37.7% ‘totally agree’. More-
over, traffic signals were found fairly easy to understand, with 38.7% of participants ‘rather
agreeing’ and 32.5% ‘totally agreeing’. Overall satisfaction with car rides was slightly
higher than bike riding, as 35.4% agreed on car riding, whereas 26.4% agreed only on a
bike ride.

Strengths and Challenges of the Platform

Figure 4 summarizes students’ opinions on the R2S Education Platform, highlighting
strengths and areas for improvement. The platform excels in ease of account creation
(51.2% “Totally Agree”) and clarity of questions (71.1% “Agree”), reflecting strong usability.
Feedback is primarily seen as instructive (58.3% “Agree”), while the adequacy of questions
and time investment received mixed responses, with 43.4% and 29.3% neutral, respectively.
The difficulty of online traffic education is not a significant concern, with 33.5% “Rather Dis-
agree.” However, the lack of badges as incentives leaves 49.6% neutral, pointing to potential
improvements in engagement and motivation. While clarity and usability are key strengths,
enhancements in engagement and incentives could further improve user satisfaction.

 

Figure 4. Student satisfaction with the R2S education platform.
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Qualitative Feedback for Improvement

The following areas for improvement of online traffic education were produced from
the analysis of the open-ended responses to the question, “In what ways do you think
online traffic education can be Improved?” As such, the participants frequently mentioned
technical difficulties such as slow loading of the webpage, unresponsiveness of features like
the 360 image, car/bike ride and compatibility with school computers. To address this issue,
it was suggested that the platform speed, the quality of the simulation, and the usability
of the platform on different devices be improved. Also, participants stressed that content
should be more comprehensible and activities more engaging; some participants suggested
including more practical tasks, like test drives and better demonstrations. Some stated they
would like traffic education to be introduced at an earlier year in school and that the visuals
used should be more appealing and more ‘gaming’ features. These studies underscore that
usability issues should be solved and interactivity improved to optimize the effectiveness
of innovative online traffic education R2S. It is recommended that subsequent versions
of the platform consider the areas highlighted by the students as essential to meet the
expectations and learning outcomes.

3.2.3. Behavioral Risk Assessment Among Secondary School Students

Figure 5 analyzes the risk behaviors among pedestrians, cyclists, car drivers, and
moped riders. Cyclists declare the use of cell phones—sometimes (24.1%) and rarely (24.1%),
while pedestrians pointed out that they use cell phones often (22.6%) and sometimes (20.8%).
On the other hand, car drivers and moped riders mostly respond to “never” most of the
time, which shows that they possess safer behaviors (20.3% and 2.8, respectively). Similarly,
cyclists (24.1% “sometimes” and 24.1% “rarely”) and pedestrians (22.6% “often” and 20.8%
“sometimes”) display higher incidences of unsafe behaviors like red-light violations. In
contrast, car drivers and moped riders show higher conformity; 20.3% of car drivers record
‘never’, and all moped riders display low risky behavior by all standards.

 

Figure 5. Behavioral non-compliance trends: distraction and red-light infractions.

Similarly, Figure 6 concerns non-compliance with the rules of giving way to other
road users and speeding among cyclists, car drivers, and riders of mopeds. Cyclists
violate both behaviors to the greatest extent. In terms of frequency for not giving the
right of way, the majority indicate ‘sometimes’ (23.6%), followed by ‘rarely’ (29.7%), with
only a fraction giving the response ‘never’ (17.9%). On the other hand, car drivers have
comparatively better compliance, where the highest percentage fell under the ‘never’
category, 12.3% and the ‘rarely’ category, 6.1% followed by moped riders. Under the ‘never’
category, there is only 2.4%, and the rest brought only minimal violations to the researcher’s
attention. Cyclists are the most non-compliant once more concerning speed limit violations;
the majority said ‘sometimes’ (24.5%), ‘often’ (20.3%), and ‘mostly’ (18.9%). Car drivers
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provided “never” 10.4%, “rarely” 3.8% and moped riders gave their report as “never” 1.4%,
“rarely” 1.4%.

 

Figure 6. Compliance and speeding behavior among students.

3.2.4. Perception of Road Safety Hazards

Most pedestrians feel comfortable about their activities but express moderate worries
about looking at phones and crossing streets against traffic signals. Interestingly, walking
through a red light is the most alarming behavior, with nearly 71% of pedestrians perceiving
it as rather or very dangerous.

Cyclists tend to identify detailed risks in transportation situations. Most cyclists
(66.5%) regard cell phone use on their ride as rather or very dangerous. Participants who
ride bikes through red lights and unauthorized areas are deeply concerned about their
safety because they understand better the dangers of two-wheeled transport.

Car and moped riders care more about safety risks than other drivers. Car drivers
worry about safety risks in multiple activities equally because 17% of them name cell phone
use and running a red light, along with other behaviors, as very dangerous. Only 2.4% of
moped drivers view these behaviors as threatening their safety.

3.2.5. Self-Assessment of Traffic Knowledge and Skills

The graphs shown in Figure 7 present a self-assessment of traffic knowledge and
skills among four road user groups: pedestrians, cyclists, car drivers, and moped riders.
Pedestrians and cyclists reported the highest confidence in their traffic knowledge and
skills compared to car drivers and moped riders. Among pedestrians, 15.1% rated their
knowledge as “very good” and 43.9% as “rather good,” while cyclists followed closely
with 13.7% “very good” and 43.4% “rather good.” Similarly, for traffic skills, 15.6% of
pedestrians rated themselves as “very good” and 43.4% as “rather good,” with cyclists
reporting 13.2% as “very good” and 42.5% as “rather good.” In contrast, both car drivers
and moped riders displayed lower confidence. For traffic knowledge, car drivers reported
only 4.2% “very good” and 10.8% “rather good,” while moped riders had 1.4% “very good”
and no responses in the “rather good” category. Similarly, for traffic skills, car drivers
reported 3.8% “very good” and 7.5% “rather good,” while moped riders had only 0.9%
“very good” and 0.9% “rather good.”
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Figure 7. Self-assessment of traffic knowledge and skills.

4. Discussion
This study explored the implementation of the R2S platform among secondary school

students in Belgium. The platform focuses on road safety knowledge, behaviour, and skills.
The findings shed light on the efficiency of this e-learning platform and its potential to
improve road safety education for adolescents.

4.1. Student Performance and Educational Impact

Students’ performance using the R2S platform was analyzed across various dimen-
sions, including general performance, gender-based differences, school year progression,
and regional variations. The results provide an understanding of adolescent road safety
knowledge and skills.

4.1.1. General Performance and Gender Differences

Considering the results, there was no gender difference in the overall performance of
the R2S modules. This finding supports earlier studies showing that gender differences
in traffic safety knowledge and performance are negligible among adolescents [26,69].
However, regarding student performance, it can be stated that the results were compara-
ble but differed slightly depending on the specific modules taken. For example, females
provided slightly better results in the risk management module, while males scored better
in the drone module. These variations may reflect underlying differences in risk percep-
tion, spatial awareness, or learning preferences, as suggested by Twisk et al. (2014) [26],
who highlighted the influence of individual characteristics on safety-related education
outcomes [70].

These findings showed the need to build online learning tools that meet all learn-
ing styles and help participants deal with their unique learning challenges. Future plat-
form updates should include specific features that match each gender group to make
learning better.

4.1.2. Progression Across School Years

This study also showed higher performance as the students progressed through school
years, especially between the third and subsequent years. This trend confirms that the R2S
platform constructs students’ knowledge and experience. Thus, it is agreed that traffic
safety education and awareness should be a progressive process during adolescence [24].
No significant variations between the 4th, 5th, and 6th years suggest that platform materials
remain relevant and challenging for older students, which is important for continuous
learning progress.

To make the platform more effective for older students, including more complex
and/or culturally relevant modules will be helpful. This could include situations where
students are depicted as more autonomous and mobile and have more complicated travel
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behaviour as they get close to the legal driving age. However, as students approach the
legal driving age, introducing more advanced and contextually relevant modules, such
as simulations of complex traffic scenarios or risk assessment for novice drivers, could
enhance learning outcomes. For instance, integrating modules based on real-world driving
challenges has improved adolescent risk detection and decision-making skills [37].

4.1.3. Regional Variations Between Cities and Municipalities

Performance differences between students from urban and municipal regions were
notable, with city students outperforming their counterparts. Contextual factors may
influence this difference, such as better exposure to diverse traffic environments [71] or
additional safety campaigns in urban areas. Research by Obregón-Biosca et al. (2018)
highlights how localized traffic safety initiatives can significantly impact educational
outcomes [25]. However, other unmeasured factors, such as differences in school-level
resources, socioeconomic backgrounds, or prior exposure to traffic safety platform, may
also have contributed to this performance gap. These variables were not collected in this
study, which limits a deeper understanding of the underlying causes.

The observed differences in scores between different cities and municipalities imply
that context-specific factors should not be excluded when it comes to road safety edu-
cation [72]. The higher achievement of students in specific areas suggests that the R2S
platform might be complemented by some local factors, like the actions made by local
authorities and public organisations in improving road safety or community involvement
in the campaign [73].

Conversely, the lower scores observed in other areas indicate that more work may
be needed or that specialized assistance and techniques are required. Localized content
incorporating specific traffic challenges students face in rural or suburban areas could make
the platform more relatable and effective. For example, studies have shown that integrating
local scenarios and culturally relevant content enhances the applicability and engagement
of road safety education [34,74].

These findings further support the need for a localized approach to road safety educa-
tion [75]. In future implementations of the R2S platform, the content should include local
traffic scenarios and challenges. These changes will make the content more appealing to
students from different regions.

4.2. Perception of the R2S Platform

Student feedback on the R2S platform was positive, with high usability, clarity, and
engagement ratings. Incorporating gamification elements, such as immediate feedback,
progressive difficulty, and VR simulations, was instrumental in maintaining participant
motivation and enhancing knowledge retention. These findings are consistent with prior
studies highlighting the effectiveness of gamified approaches in education [54]. However,
participants also noted areas for improvement, such as technical challenges (e.g., slow
performance, unresponsive 360◦ images) and the need for more evident questions in some
modules, like drone footage. This module was a big step forward in traffic education
because the virtual behavior can also be measured along with reported behaviour. Rec-
ommendations included adding practical exercises, refining usability, and introducing
incentive mechanisms like badges or leaderboards to boost engagement further and foster
a sense of accomplishment [76,77].

4.3. Behavioral Risk Patterns

The questionnaire data highlighted behavioral non-compliance among cyclists and
pedestrians, particularly in using mobile phones and violations of red-light rules. These
findings highlight cyclists and pedestrians as higher-risk groups for unsafe transit behav-
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iors. These findings align with studies identifying cyclists and pedestrians as vulnerable
road users [69,78], with distractions and violations significantly increasing their risk of
accidents. The survey shows how different people understand road hazards based on their
specific travel methods. Most people walking feel safe, but 71% believe crossing the street
against traffic is extremely risky. Most cyclists understand transportation risks, with 66.5%
seeing cell phone use as dangerous while riding. Despite their proficiency in theoretical
knowledge, students displayed inconsistencies in translating this knowledge into safe
practices. These behavioural trends are also reflected in the transport choices reported by
participants, where pedestrian travel and car passenger modes were more prevalent than
cycling. This aligns with broader patterns observed in Belgium, where safety concerns
often lead parents to discourage cycling as a school transport mode, despite its cultural
importance. Interestingly, the data revealed that car drivers overestimated their traffic
knowledge while simultaneously underestimating their traffic skills. Notably, car and
moped riders exhibited varying risk perceptions: 17% of car drivers considered multiple
risky behaviors very dangerous, in contrast to only 2.4% of moped drivers perceiving
similar activities as safety threats. These differences may reflect not only confidence biases
but also the influence of daily commuting habits on students’ risk perceptions and learning
engagement. For instance, students who walk or cycle regularly may engage more deeply
with pedestrian and cyclist content, while those who are primarily car passengers may
overlook certain vulnerabilities. This highlights the potential benefit of tailoring road safety
education to students’ actual travel routines. Such findings support our proposition that
skill-enhancement exercises like VR training should be incorporated to increase usability
readiness. This gap underscores the importance of integrating behavior-focused interven-
tions, such as immersive VR simulations, to reinforce practical applications of learned
concepts [74,79].

Comparing the Belgian R2S implementation with its international counterparts reveals
both shared challenges and contextual differences. While gamified approaches proved ef-
fective across settings, Belgium’s higher baseline of road safety knowledge and widespread
cycling culture required tailored content to sustain engagement. Additionally, the inte-
gration of (VR) and 360◦ visuals capitalized on Belgium’s digital readiness, offering an
advancement over prior implementations in lower-resource contexts such as Palestine [49]
and Pakistan [50]. These observations suggest that although the core gamification elements
are adaptable, local infrastructure, transport patterns, and cultural factors play a crucial role
in shaping the program’s design and outcomes. Incorporating such contextual reflections
strengthens the international relevance of this study and highlights potential pathways for
future cross-country applications.

4.4. Limitations and Further Research

This study suggests that the R2S education platform has great benefits among sec-
ondary school students in Belgium. Although this study has some strengths, the following
limitations should be considered when analyzing the findings and designing subsequent
research. First, the cross-sectional design restrains the authors from establishing causality
and identifying long-term changes in reaction to the platform, which is why a longitudinal
setup is needed. Future research should employ longitudinal designs to track students’
progress over time, allowing for a better understanding of the platform sustained impact
on knowledge retention and behavioural changes. Additionally, the fact that the students
were volunteers may mean that their outcome differs from the rest of the cohort due
to self-selection bias, and the results may portray the platform as more effective than it
is. Future studies should consider using randomized controlled trials or sampling meth-
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ods that mitigate self-selection bias to obtain results more representative of the general
student population.

A potential limitation of the R2S platform is that it does not show actual behavior in
traffic situations. While it effectively measures virtual and reported behavior, the absence of
real-world behavior analysis limits its applicability to real traffic scenarios. Future research
should incorporate observational studies or real-life simulations to measure students’ actual
behavior in traffic settings and assess how the platform translates into practical safety skills.
This would help bridge the gap between theoretical learning and real-world application.

A potential limitation of the survey is the risk of socially desirable answering, particu-
larly in questions related to self-reported risk behaviors. Although anonymous reporting
was applied to the task to reduce these concerns, it remains probable that participants may
have described behaviors in a manner they deemed less objectionable. It is recommended
that future studies use additional procedures, including but not limited to mixed-methods
analysis or observational data, to reduce this bias to a further extent. The R2S platform
does not integrate a level of competition with the participants. Future research could
explore incorporating competitive elements, such as leaderboards or team challenges, to
enhance engagement and motivation while assessing their effectiveness in improving
learning outcomes.

The study area coverage was focused on the Flemish area, which may limit the gener-
alization of results to other places with different traffic practices or teaching methodologies.
Future research should explore the platform effects in diverse geographic and cultural
contexts to enhance generalizability, assessing its adaptability to various traffic safety norms
and educational environments. This study also focused on performance within the R2S
platform without directly assessing the real-world application of the acquired knowledge
and skills. Future studies could incorporate follow-up assessments or observational meth-
ods to assess how students apply the skills learned through the R2S platform in real-life
traffic situations.

The absence of qualitative data (e.g., interviews and focus groups) may have missed
valuable insights into students’ experiences. Incorporating qualitative data would provide
deeper insights into the participants’ perceptions, engagement levels, and attitudes towards
the R2S education platform. This study also collected limited demographic information,
considering only gender and school year, without examining potentially relevant factors
like socioeconomic status, prior traffic education, or personal experiences with road acci-
dents. Future research should include a broader range of demographic variables, such as
socioeconomic background and previous exposure to traffic safety education, to identify
potential moderating factors that could influence platform effectiveness.

Another limitation is that the number of participants was gradually reduced as they
moved through the modules. This study initially recruited 1264 participants, and enrolment
was reduced across the various modules. This decrease could be caused by several factors,
including the progression of the difficulty level, reduced motivation, or any other factors
within or outside the class that cut down the time that a student has to undertake the
modules. Such degradation could negatively affect the performance data and impact the
representativeness of the results for other modules and the overall population of partici-
pants. Future studies should investigate the reasons for participant reduction and consider
strategies to improve retention, such as enhancing engagement or providing incentives
to encourage continued participation. Although overall dropout rates were documented,
no systematic module-wise analysis of attrition was performed. Therefore, it is unclear
whether dropout was driven by technical issues (e.g., VR usability), content complexity, or
external factors such as time constraints. Informal feedback suggests that time limitations
and declining motivation over time played a role, but this remains speculative. Future stud-
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ies should incorporate module-specific analytics and user experience metrics to identify
and address the root causes of attrition.

Another limitation concerns the reliance on self-reported behavioral risk data, which
may be influenced by recall errors or social desirability bias. No external validation, such
as observational data or traffic records, was conducted due to the large-scale and anony-
mous nature of this study. To minimize bias, students were assured anonymity and were
instructed that there were no correct or incorrect responses, encouraging honest report-
ing. Future studies should consider triangulating self-reported data with observational or
mixed-method approaches to improve reliability.

Additionally, this study did not collect data on contextual variables such as socioe-
conomic background, prior exposure to traffic safety education, or school-level resources.
These unmeasured factors may have contributed to the observed performance differences
between city and municipality students, limiting our ability to fully interpret these dis-
parities. Future research should include these covariates to better understand the role of
local contexts. Lastly, a methodological and ethical limitation of this study is the exclusion
of non-disclosed gender participants due to the low percentage compared to males and
females, which may inadvertently contribute to the invisibility of non-binary individuals
in educational research. Future studies should aim to include and explore patterns among
this group to enhance inclusivity and representation.

These limitations present opportunities for future research to expand on this study’s
findings and further enhance our understanding of effective road safety education for
secondary school students. Despite these constraints, this study offers valuable insights into
the potential of e-learning platforms like R2S in promoting traffic safety among adolescents.

Challenging Modules and Implications for Platform Improvement

The data indicated that ‘Drones’ was the module the students understood the least, as
shown by the lowest mean and the highest standard deviation. This finding suggests that
interpreting traffic situations from an aerial perspective can be challenging for numerous
students. Despite this, the current module presents a good chance for developing situational
awareness and risk perception from the perspective that might benefit future drivers [60].

Conversely, the high performance in the “Take a Bike Ride” module reflects the strong
cycling culture in Belgium and children’s early exposure to cycling [68]. This success could
be leveraged to introduce more advanced cycling scenarios or to draw parallels with safe
driving behaviors as students approach driving age.

The variable performance across modules indicates areas for potential improvement
in the R2S platform. For instance, despite high participation, the relatively lower scores in
the knowledge module suggest a need to review and potentially revise the content delivery
method for traffic rules and regulations.

4.5. Policy Recommendation

Several recommendations can be made for the future development and implementa-
tion of the R2S platform. First, tailored content progression is necessary, particularly for
older students in their 5th and 6th years, to maintain the challenge and relevance of the
material as they approach driving age. This could include more complex traffic scenarios
and decision-making exercises for novice drivers. Additionally, integrating local traffic con-
ditions, rules, and challenges specific to various municipalities could increase the platform
relevance and engagement for students in diverse areas.

Enhancing support for challenging modules, such as drones, is also crucial. Providing
preparatory activities or Supplementary Materials may help students build the foundational
skills they need to succeed in these areas. A longitudinal study design should also be



Appl. Sci. 2025, 15, 8557 21 of 24

implemented to assess the platform long-term effects on students’ road safety knowledge,
attitudes, and behaviors, particularly as they transition to becoming licensed drivers.
Furthermore, methods could be developed to evaluate how well students apply their
knowledge and skills in real-world traffic situations, possibly in collaboration with local
driving schools or through supervised traffic observation exercises. Lastly, while the
platform appears equally effective for both genders, it is essential to continue monitoring
and ensuring its inclusivity, ensuring it remains engaging for students with different
learning styles or special educational needs.

5. Conclusions
The R2S education platform demonstrates significant potential as an innovative ap-

proach to road safety education for secondary school students in Belgium. This study’s
findings provide valuable insights into the performance and satisfaction with the plat-
form and highlight areas for improvement. Overall, the R2S platform engages students
across different secondary school years, with performance generally improving as students’
progress through school years.

However, performance variability across different modules reveals the strengths and
areas needing refinement within the platform. For example, challenges in the drone module
suggest that students may require additional support in certain areas like situational
awareness. Incorporating innovative technologies like virtual reality and drone footage
aligns with modern pedagogical practices and enhances student engagement. Moreover,
variations in performance across different municipalities and cities highlight the importance
of local context in road safety education, suggesting that a one-size-fits-all approach may
not be sufficient. Although there is room for improvement of the platform, the survey
findings confirm that students are satisfied with the platform’s usability and engaging
features, reinforcing the platform’s relevance and potential for broader implementation.
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