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Abstract. Training children safe behavior in traffic situations is both important 

and challenging. One of the problems is children’s limited perceptual-motor abil-

ities and associated difficulties with important cognitive skills required to be safe 

pedestrians. Existing traffic education programs focus more on theoretical 

knowledge, while training practical skills in the real world is dangerous, expen-

sive and hard to organize. This paper presents a promising alternative – an intel-

ligent virtual reality training environment that allows children to practice their 

pedestrian skills. It describes the interface and architecture of the system, as well 

as the skill model of the pedestrian safety domain. The results of a pilot study 

showed that children of the target age group rarely had problems with applying 

(and acquiring) “basic” traffic skills in the developed virtual environment. How-

ever, when applying and learning “advanced” pedestrian skills, they required ad-

ditional support. 

1   Introduction 

Child pedestrians, especially aged 5 to 9, are endangered traffic participants [1]. Ac-

cording to statistics, just in 2013 in Germany, they were involved in over 3.000 traffic 

accidents [2]. In USA, more than 11.000 of pedestrian injuries in 2011 happened to 

children under 14 [3], and the numbers worldwide are also alarming [4]. There are many 

reasons for children to be especially endangered in traffic. They are hard to see, physi-

cally fragile, and their perceptual-motor abilities are still limited [4]. Mentally, children 

not only lack the knowledge about traffic safety, but also have difficulties with the cog-

nitive skills that are required to be safe pedestrians [1],[5]. On the bright side, several 

studies indicate that children’s behavior on roads can improve significantly through 

individualized practical street side training [6]. However, a number of requirements 

must be met for organizing such training. This includes particular weather and traffic 

conditions as well as sufficient personnel to guide the training and to ensure the safety 

of children. Yet, even when the requirements can be met, roadside training remains 

unpredictable and hard to control [5]. Therefore it is very challenging for educational 

institutions (such as schools and kindergartens) to provide a sufficient amount of prac-

tical traffic safety training. 



One promising way to tackle these problems is to employ Virtual Reality (VR) and 

conduct such training in virtual road environments that are not only realistic and im-

mersive, but also safe and controllable. With the increase in computing and graphical 

power of home PCs and the recent emergence of immersive displays and natural, ges-

ture-based input devices on the consumer market, VR can be even brought into private 

households, which enables parents and children to train whenever they want.  

In this paper, we present the SafeChild platform that combines a rich and open-ended 

virtual city environment with the functionality of Intelligent Tutoring Systems (ITS) to 

provide children with guided and assisted training in a wide range of training scenarios. 

We describe the architecture and the interface of the system, the designed domain 

model of pedestrian safety skills and the set of exercises training these skills. Further, 

we present a user study evaluating the feasibility of the system, discuss its results and 

outline plans for future work. 

2 Related Work 

A number of previous studies have investigated the use of Virtual Reality (VR) as a 

tool for practical child pedestrian training. In a study by McComas et al., children from 

4th to 6th grade attending urban and suburban schools went through a VR intervention 

that was intended to teach several pedestrian safety skills [7]. The results showed that 

children were able to significantly improve within the VR application but only the chil-

dren from suburban schools were able to transfer the improvement into the real world. 

Another study by Thomsen et al. focused on the skill of finding appropriate gaps in 

traffic to cross a road with children aged 7, 9 and 11 [8]. The outcome of the study 

indicated that, after VR training, children were able to cross faster, determine crossing 

times better and missed fewer opportunities to cross. Further studies that confirm the 

potential of VR as a tool for training child pedestrians include those conducted by Con-

giu et al. [9] and Schwebel et al. [10],[11]. VR was also used specifically as a tool for 

research toward understanding child-pedestrian’s deficits of hazard perception abilities 

by Oron-Gilad et al. [5]. They showed using VR that children are less sensitive to po-

tential hazards and that the ability to detect such hazards increases with age. 

In the above-mentioned studies, VR was used primarily as a tool for human teachers 

and researchers. As a consequence, the VR applications focused on providing a realistic 

representations of the real world scenarios but lacked diagnostics and tutoring capabil-

ities that could help analyze and interpret learners’ behavior, detect errors and deficien-

cies in higher-level cognitive skills, and guide or assist children through training. Fur-

thermore, these systems were limited in terms of interaction possibilities and training 

scenarios. 

On the other hand, the advantages of combining VR environments with Intelligent 

Tutoring Systems (ITS) have been addressed both conceptually [12] and practically in 

other domains. Successful implementations include STEVE – a system for training 

Navy personnel to use complex machines [13], HERA – a system for training opera-

tions at high-risk sites [14], PEGASE – a system used for training collaborative proce-

dures on aircraft carriers and for firefighters intervening high-risk areas [15], etc. 



Based on the success of VR as a tool for training child pedestrians and the promising 

work in other domains on combining VR and ITSs, we have developed SafeChild. It 

does not only provide a VR environment for training child pedestrian skills, but also 

analyzes user behavior during training to recognize problematic skills and carry out 

adaptive guidance. 

3 Child Pedestrian Safety Skills 

Any ITS requires a Domain Model that describes the knowledge to be taught. For the 

domain of child pedestrian safety, there are several behavior rules that children need to 

know and corresponding skills that they need to master in order to become safe pedes-

trians. In the reminder of this paper, we concentrate on the skills involved in different 

variations of the road-crossing scenario, which is at the core of any child pedestrian 

safety training. 

Although described with slight variations and different granularity, there is an agree-

ment on a number of core behavior rules with varying degree of difficulty for young 

children. Van der Molen et al. have analyzed the task of road crossing and decomposed 

safe execution of this task into 26 sub-tasks [16]. Further, Thomson et al. [17] defined 

three high-level skills that are mandatory: (I) making judgments about safety of a cross-

ing place; (II) identifying traffic that could pose a threat and (III) integrating infor-

mation from different aspects of the traffic situation. These high-level skills require a 

number of underlying abilities that are especially challenging for young children since 

their cognitive apparatus is still developing [5]. For instance for (I), it is essential to 

detect potential threats that might not be physically present at the moment. In experi-

ments described in [18], it has been shown that children aged 5 to 7 exclusively rely on 

visible presence of cars to determine whether a certain place is dangerous to cross. Fac-

tors such as obstacles obscuring the view are not recognized as threat by them. For (II), 

an important skill is to pay selective attention to those parts of traffic that are relevant 

for one’s safety. Hill et al. showed that children aged 4-9 have difficulty paying atten-

tion to relevant information and ignoring irrelevant one [19]. Last but not least, for (III), 

it is important to be able to observe the road from a global perspective, which is also 

more difficult for young children [20]. 

We have conducted a cognitive analysis of this domain informed by the existing 

literature on pedestrian traffics safety and in consultation with traffics safety experts. 

As a result, we have identified two groups of skills: the “basic skills”, which are less 

demanding cognitively and should be easier for children to apply and master, and the 

“advanced skills” that involve meta-cognitive processes, more complex planning and 

decision making procedures and maintaining the awareness of others. For SafeChild, 

the hierarchical organization of skills becomes an additional source of information to 

elaborate student modeling (by propagation) and adaptation strategies (e.g., by task se-

quencing). The complete hierarchy of skills is shown in Fig. 1. 

We plan to subject this model to further investigation and examine its robustness 

toward experimental data. Open research questions include: at which age a certain skill 

can be trained, whether particular skills should be further decomposed (or combined) 



and how well improvements of individual skills in VR translates to improvements in 

the real world. 

 

Fig. 1. Skills in SafeChild1 

4 SafeChild system 

The SafeChild system has been designed to support assessment and training of the iden-

tified pedestrian safety skills. In general, SafeChild consists of three major components: 

a VR city environment providing the training area, a flexible interface to interact with 

this environment and an ITS that monitors learner’s behavior, detects correct and in-

correct applications of target skills, maintains the detailed representation of learner’s 

pedestrian abilities and supervises the training process. 

The VR city environment consists of realistic urban architecture and a traffic simu-

lation developed with the Unity3D game engine. It is freely explorable by the user who 

can engage in typical pedestrian activities such as crossing the road under different 

conditions. Several simulation parameters can be adjusted, including car speed, traffic 

density and walking speed of the user. 

The flexible interface supports different display configurations and input devices. 

The basic setup consists of a standard monitor as the display and a standard keyboard 

                                                           
1 Zebra crossings are common pedestrian walks consisting of light and dark stripes. Unregulated 

crossings describes crossings that do not have designated crossing places for pedestrians. 



as the input device. This is still the most common setup for home computers nowadays 

and, since one of the goals for SafeChild is to provide child pedestrian training in pri-

vate households, the support of this setup is mandatory. However, one can assume that 

interfaces enabling children to practice in a more natural and immersive way would 

lead to higher engagement, easier control and better transfer of skills. Therefore, 

SafeChild has been designed to support a wide range of different input and output de-

vices including multi-monitor setups, Head-Mounted-Displays (HMDs), Gamepads 

and gesture trackers. Although research on the usability and applicability of such im-

mersive interfaces is still in an early stage, first promising results have been already 

achieved by combining the Oculus Rift as a display and a combination of Myo armband 

and Leap Motion hand tracker as input devices [21]. 

The overall architecture of SafeChild is presented on Fig. 2. It consists of the four 

typical ITS components [22]: the Domain Model presented in Section 3, the Student 

Model representing child’s current states of learning, the Pedagogical Model that de-

fines how to teach the child and the Interface Model that serves road-crossing exercises 

(described in Section 4.1). In SafeChild, the Interface Model can be interpreted as the 

combination of the VR city environment and the flexible interface. The Interface Model 

is connected to the other ITS components via a designated Instructor Agent described 

in Section 4.2. 

  

Fig. 2. SafeChild architecture 

4.1 Road-Crossing Exercises 

In order to help children train skills described in Section 3, SafeChild provides a set of 

ten road-crossing exercises. Each exercise requires the learner to cross the road under 

different conditions and, consequently, involves a unique sequence of skills. Fig. 3 

shows examples of two exercises with the corresponding skills. 



  
1. Keep distance to road 

2. Stop at curb 

3. Cross at green light 

4. Make sure the cars have stopped 

5. Cross in designated area 

6. Cross straight without stopping 

1. Recognize shortcomings of the 

crossing place (road curvature) 

2. Find a suitable place to cross 

3. Keep distance to road 

4. Stop at curb 

5. Look both sides for incoming cars 

6. Recognize dangerous cars 

7. Cross straight without stopping 

8. Keep observing cars while crossing 

Fig. 3. Traffic light and unregulated crossing exercise and corresponding sequences of skills 

The complete set of exercises consists of three tasks related to using traffic light; three 

tasks related to using zebra crossing, three tasks related to unregulated crossings and 

one combination exercise. For traffic light and zebra crossing, the learner starts once 

directly in front of the designated crossing area; once, within a small distance, but with 

the traffic light / zebra crossing still in sight; and once, further away, where a turn in 

the virtual city environment is required to find the designated place to cross. In all cases, 

the final goal is directly visible and the learner is supposed to utilize the available reg-

ulated crossing to reach it. For the unregulated crossings tasks, the user starts once on 

a sidewalk next to a straight road without obstacles; once, with a parking truck as an 

obstacle; and once, close to a road curve obstructing the field of vision. The task is to 

recognize shortcomings of the crossing place if they are present and cross the road 

safely. In the final exercise the learner can plan own route to the goal and is given the 

opportunity to either cross the road once with an unregulated crossing or to cross twice 

using traffic light and zebra crossing; the expected behavior is to prefer the combination 

of traffic light and zebra crossings over the unregulated crossing. The left part of Fig. 4 

shows a screenshot of an exercise execution process, with the yellow arrow designating 

the goal. The top-right part of the figure shows the feedback screen generated by 

SafeChild if the learner fails to achieve the goal (is hit a by a car). The top-bottom part 

shows the feedback produced after reaching the goal. 



 

Fig. 4. Road Crossing Task from user perspective and GUI overlays for getting hit by a car and 

reaching the goal. 

4.2 Interaction Agent 

The Instruction Agent (InA) has two main tasks. First, it observes exercise performance 

in real-time and determines at any point during training, which skills are required and 

whether they are being carried out correctly. In the pedestrian safety domain, correct 

behavior is dependent on dynamic objects such as cars and traffic lights and requires 

time dependent decision making such as finding the correct time window to cross a 

road. In order to meet these requirements, a novel method has been developed based on 

Behavior Trees (BT) [23]. Each exercise is represented by a BT that hierarchically or-

ganizes all behaviors required to perform this exercise. One or more skills described in 

Chapter 3 can be associated to a behavior. During exercise performance, the state of the 

BT is updated in real-time and indicates for each behavior   whether it is currently 

needed or has already been completed (successfully or not). Depending on the state of 

the BT, different information about the city environment needs to be enquired in order 

to carry out the update. However, not all information can be directly retrieved from the 

raw data of the simulation. For many pedestrian safety skills, it is important that the 

learner is aware of task-related information within the environment. Therefore, a Short-

term Memory Model (SMM) is maintained as well during exercise execution. This 

model contains information about which objects were visible to the user and at which 

state the objects had at that time.  

The second main task of InA is to carry out in the city environment adaptive instruc-

tional interventions produced by the Pedagogical Module. For this purpose, InA in-

cludes an Adaptation Controller that is able to change simulation parameters, to manip-

ulate objects in the VR and generate instruction and feedback in the city environment. 

A complete update cycle that is performed in every frame is shown in Figure 5 and 

consists of 4 steps. Due to the update mechanisms of a BT, this can be achieved in an 

efficient manner and is, therefore, suited for real-time environments. 



 

Fig. 5. Instruction Agent (InA) update cycle 

1. The current field of view of the learner based on her/his current position and orien-

tation within the simulation is analyzed to update the SMM; 

2. Additional information from the simulation is processed together with the Memory 

Model to update BT; 

3. The state of the BT passed to the Pedagogical Model and analyzed to decide whether 

direct intervention or a student model update is required; 

4. Necessary interventions are implemented in the city simulation through the Adapta-

tion Controller and Student Model updates are performed. 

 

Fig. 6. BT state and instructions (1) 

In Fig. 6, the behavior tree is shown next to instructions for the following situation. The 

learner has seen the goal on the other side of the road (which means a crossing is re-

quired), but has not yet explored the environment. Thus, a number of nodes within the 

BT are in the “Running” state, including “Crossing” and “Find a place to cross”. Based 

on this information, SafeChild can provide the learner with instruction directly adapted 

to his/her specific situation. Once the learner turns his/her head in the virtual environ-

ment and detects the traffic light (Fig. 7), several steps execute. First, the SMM is up-

dated with the information about a safe place to cross the road. Next, the BT is updated 

and the behavior “Find a place to cross” switches to the “Success” state and causes the 

behavior  “Go to a place to cross” to switch to the “Running” state. As a consequence, 

the new instructions are presented. Besides generating instructions in the form of direct 

guidance, a number of additional functionalities can be integrated based on the given 



information. For instance, the skill “Keep distance from road” is assigned to the behav-

ior “Find a place to cross” and “Go to a place to cross”. Thus the system keeps track of 

the distance of the learner to the road in this situation and would notice an error and 

display a warning if it fell below a threshold.  

 

Fig. 7. BT state and instructions (2) 

5 Experiment 

5.1 Experiment design 

The experiment was designed for German-speaking children from 6 to 9 years old to 

match the critical age group (see Section 1). 5 year olds have been excluded, because 

(1) we believed that the controls would be too hard for them to use; (2) they are rarely 

exposed to traffic situations when alone, since they do not go to school yet. The partic-

ipants were supposed to conduct the experiment at home, under the supervision of their 

parents. The required application was provided to the volunteers as a Web-application 

and also as a download. The application itself contained detailed information and in-

structions for parents and children. Parents were involved for several reasons. As they 

hold the main responsibility for traffic safety education of their child, by supervising 

the study, they could detect her or his individual weaknesses and misconceptions and 

work on them after the study. Parents could help children with the controls and com-

pleting the questionnaires (but were asked to avoid helping with completion of the ex-

ercises), and provide us with valuable feedback on the SafeChild approach and imple-

mentation. Last but not least, they could choose the most convenient time and place to 

conduct the study. 

The application for the pilot study was a customized version of the SafeChild plat-

form. Once started, it guides the participant through the three steps of the experiment: 

(1) A pre-questionnaire, (2) a set of road crossing tasks within the SafeChild city envi-

ronment and (3) a post-questionnaire. The application does automatically log experi-

ment data to a webserver. This data includes questionnaire answers as well as replay-

able log files for each road-crossing task.  



5.2 Pre- and post-questionnaires 

The pre-questionnaire consisted of seven questions; it focuses on children’s demo-

graphic data (age, gender) and prior experience with traffic safety education and digital 

gaming. The post-questionnaire also continued seven questions asking about the just 

completed road-crossing tasks and the overall SafeChild experience. This included chil-

dren’s general attitude toward the approach, their opinions on whether they could learn 

something in such an environment, and whether the environment was realistic. Further 

children were asked if they got tired during the experiment, and whether or not the 

controls and the tasks were too hard or too easy. The last two questions asked the par-

ents whether they helped their child and if so, to provide comments on how they helped 

(in the beginning of the experiment parents were instructed to avoid helping with the 

tasks themselves). They were also given the opportunity to provide comments on the 

general approach. 

5.3 Road crossing tasks 

All ten exercises describe in Section 3.1 and a familiarization task at the beginning had 

to be completed in the experiment. The simulation parameters used for the road-cross-

ing task were chosen to match the real-world conditions: car speed was around 50 km/h 

(the upper speed limit in German cities) and the walking speed of the child was set to 

1.2 m/s (a common speed for 6 year olds [24]). For the “unregulated crossing” tasks, 

the frequency of incoming cars was high in the beginning and decreased over time to 

create larger gaps. Since the study was designed to be conducted by parents with their 

children in their own home, the standard interface configuration consisting of one mon-

itor and keyboard was used. The controls were based on 6 keys for forward and back-

ward movement, turning left or right and turning the head left or right. Head turning 

were included as separate action to allow the participant to look to both sides while 

crossing the road. The preliminary ITS functionalities were not activated for the study 

due to the immature state and because the goal was to obtain baseline performance data. 

6 Discussion of the results 

6.1 Questionnaire analysis 

The general feedback about the current version of the SafeChild platform was positive. 

Most children (8 out of 10) liked the overall experience, and, even more important, 

most of them believed that they could improve their pedestrian skills through such train-

ing (9 out of 10). Children also considered the traffic simulation realistic (9 out of 10). 

However, when it comes to navigating in this simulation, only 4 out of 10 thought the 

controls were easy to use – all of them were the older children. This indicates that the 

current keyboard control method could be too demanding, and/or requires additional 

training, especially for 6-year-olds. Half of the children considered the exercises to be 

too easy, although none of them was able to demonstrate all required skills and three of 



them failed on more than a half of the advanced skills. An explanation could be that 

when these children were able to complete most of the tasks, they assumed that they 

performed correctly even when exhibiting unsafe pedestrian behavior. Regarding the 

level of fatigue caused by the tasks during the experiment, most of the children said 

that they did tire while participating. This result matches with the observation of the 

tasks performances where children sometimes needed more than six minutes to finish 

an exercise. As a comparison, adults are able to finish the entire sequence of exercises 

within the same time. The problems with the controls also may be a factor here. Finally, 

seven parents reported that they helped their child a little, but limited the help to the 

controls and not completing the tasks. 

To summarize these results, the SafeChild approach appears to be on the right track, 

when it comes to delivering appealing, realistic, and potentially useful pedestrian safety 

training, but we need to solve the problems with controls. It also indicates that children 

do need additional support and guidance during such training. Therefore, we believe 

that implementing intelligent tutoring functionality can be an effective solution here. 

6.2 Performance on traffic task 

Any traffic task implemented in SafeChild can have only two outcomes: if a child 

crosses the street and reaches the goal, it is a success; if a child is hit by a virtual car, it 

is a failure. Out of 96 completed tasks, 82 constituted successful attempts and 14 – car 

hits. However, even when the goal is reached, it does not mean that the child has ex-

hibited correct (safe) behavior and successfully demonstrated all the pedestrian skills 

involved in the task. In fact only 15 times were tasks solved without a single failed skill. 

It is important to understand, that due to the fact the SafeChild problem-solving envi-

ronment is highly dynamic with random-generated elements, children can get lucky and 

complete a task without applying some necessary skills. However failing skills on a 

regular basis will eventually result in a car hit, which is rather similar to real-life traffic 

situations. We formulated the following hypotheses to analyze how successfully chil-

dren apply and improve different skills in SafeChild: 

 learners perform significantly better on basic skills than on advanced skills. 

 learners learn basic skills significantly more easily that advanced skills. 

In order to test our first hypothesis, for each learner, we have computed his/her average 

basic skill performance and average advanced skill performance. Then we could com-

pare their means using the paired t-test. The test shows that on average a learner per-

forms significantly better on basic skills (M = .93; SD = .04) than on advanced skills 

(M = .53; SD = .17), t(9) = 8.11, p << .001, d = 2.56. Both the p-value and the Cohen’s 

d indicate a very strong difference between the two variables. 

The version of the SafeChild environment used in the study did not provide children 

with many opportunities to learn new skills. Basically, the only instructional support 

that the system gave was the immediate knowledge-of-result feedback at the end of a 

task completion. A failure to apply a particular skill, which leads to a car hit, triggered 

an error message. This allowed a child to self-reflect on what s/he had done wrong and, 

next time, exhibit a safer behavior. Having this in mind, we analyzed the logs of 14 



incorrect task attempts and identified the skills responsible for each failure. In some 

cases a combination of skills was causing an incorrect attempt (e.g. “find an appropriate 

gap to cross” and “keep observing traffic while crossing”); and in some cases, it was 

hard to decide, which of the two skills is responsible (e.g. “recognize shortcomings of 

crossing place” and “find a suitable place to cross”). In such situations, both skills were 

treated as the cause. After each such case, we looked if there was another opportunity 

for a child to reflect on her/his error and apply the skill correctly. We found seven such 

occurrences: three, when the causing skills were basic and four, when they were ad-

vanced. Remarkably, in all three “basic” cases, children have been able to correctly 

apply the failure-causing skills on the next iteration and never failed it again, including 

the new context of the combined traffic tasks. On the other side, all four cases of failed 

advanced skills were followed by more occurrences of the same behavior. This means, 

even with minimum instructional support children could improve their incorrect traffic 

behavior, when they need to acquire a basic skill and even transfer it to a novel context, 

but, without additional support, they cannot master the advanced skills and keep exhib-

iting the same dangerous behavior even after failing several traffic tasks.  

This, essentially, confirms the results previously reported in the traffic education 

literature [5] that children have far more problems with the advanced pedestrian skills 

and additionally indicates that any tutoring software built for child pedestrian safety, 

should focus on these skills. 

6.3 Limitations of the study  

Despite the interesting results obtained during the study, there are a number of limita-

tions that need to be considered when analyzing the results. First, the experiments were 

conducted in a home environment and the level of support provided by parents was not 

observable. Second, there was no sound in the simulation that could have warned chil-

dren of incoming cars and third the interface and especially the keyboard based controls 

were difficult for many participants. The results of the study are nonetheless valuable 

to pilot the approach, elicit the general attitude of the target population towards the 

system and validate important hypotheses that will influence the future design and to 

define the next steps for the SafeChild platform. We have been able to achieve all these 

goals with the conducted study. 

Another important drawback of the experiment is the small number and high varia-

bility of subjects. It is important to underline, that 6-years-olds and 9-years-olds are 

very different categories of traffic safety learners. Not only do they possess very une-

qual amounts of real worlds traffic experience, but also they significantly differ in terms 

of development of cognitive and perceptual-motor abilities important for mastering pe-

destrian safety skills, controlling themselves in a VR and cognitive transfer. We have 

been able to observe it firsthand, as the data generated by 9-years old children and 6-

years-old children vary substantially. For examples, according to Piaget, before the age 

of 7, children remain egocentric in their thinking, having problems perceiving the world 

from the viewpoint of others. In the future, SafeChild will explicitly account for age as 

one of core learner parameters. 



7 Conclusion and future work 

In this paper an analysis of the child pedestrian safety education domain was presented 

with regard to its requirement toward an intelligent VR training application. The main 

focus of this work was on the extraction of skills that such a system should target and 

support and forming a foundation for a structural representation and a method for de-

termining these skills for an individual learner. For this purpose, a user study was con-

ducted with 6-9 years old children using the SafeChild platform. The results of the study 

indicate that while having almost no problems with applying and acquiring basic traffic 

skills in SafeChild, children require additional tutoring support on applying and learn-

ing advanced pedestrian skills.  

Our future work will continue along the two main directions. We will use the results 

of the described study to develop (in consultation with pedestrian safety experts) the 

pedagogical model of the SafeChild ITS that will especially target the advanced skills 

and support children in mastering them. We will continue our analysis of the pedestrian 

safety domain to refine a more structured representation taking into account types of 

relations between the skills and adding important conceptual knowledge elements. We 

also plan to conduct another user study of SafeChild using a more immersive VR setup 

and more convenient set of controls. This last goal might require development of a more 

elaborate mechanism for modeling learner perception and intention, as the flexibility 

of the interface would inescapably cause the input channel to become more noisy and 

low-level [26]. 

Acknowledgements. This research was conducted within SafeChild project funded by 

BMBF (grant 01IS12050) under the Software Campus program.  

References 

1. Whitebread, D., Neilson, K.: The contribution of visual search strategies to the development 

of pedestrian skills by 4-11 year-old children. British Journal of Educational Psychology 

70.4, 539-557 (2000). 

2. Federal statistical office of Germany: Child pedestrian injury in traffic 2013, 

https://www.desta-

tis.de/DE/Publikationen/Thematisch/TransportVerkehr/Verkehrsunfaelle/UnfaelleKinder5

462405137004.pdf (Last accessed: 04/01/2015). 

3. National Highway Traffic Safety Administration: Traffic Safety Facts 2011 Data, 

http://www-nrd.nhtsa.dot.gov/Pubs/811767.pdf (Last accessed: 04/01/2015). 

4. Toroyan, T., & Peden, M. (Eds.): Youth and road safety. WHO, Geneva (2007). 

5. Oron-Gilad, T., Meir, A., Tapiro, H., Borowsky, A.: Towards understanding child-

pedestrian’s deficits in perceiving hazards when crossing the road. Final Report (2011). 

6. Schwebel, D.C., Aaron L. Davis, and Elizabeth E. O’Neal: Child Pedestrian Injury A 

Review of Behavioral Risks and Preventive Strategies. American Journal of Lifestyle 

Medicine 6(4), 292-302 (2012). 

7. McComas, J., MacKay, M., Pivik, J.: Effectiveness of virtual reality for teaching pedestrian 

safety. CyberPsychology & Behavior, 5(3):185–190 (2002). 

https://www.destatis.de/DE/Publikationen/Thematisch/TransportVerkehr/Verkehrsunfaelle/UnfaelleKinder5462405137004.pdf
https://www.destatis.de/DE/Publikationen/Thematisch/TransportVerkehr/Verkehrsunfaelle/UnfaelleKinder5462405137004.pdf
https://www.destatis.de/DE/Publikationen/Thematisch/TransportVerkehr/Verkehrsunfaelle/UnfaelleKinder5462405137004.pdf
http://www-nrd.nhtsa.dot.gov/Pubs/811767.pdf


8. Thomson, J.A., Tolmie, A.K.,  Foot, H.C.,Whelan, K.M., Sarvary, P., Morrison,S.: Influence 

of virtual reality training on the roadside crossing judgments of child pedestrians. Journal of 

Experimental Psychology: Applied, 11:175–186 (2005). 

9. Congiu M, Whelan M, Oxley J, Charlton J, D'Elia A, Muir C.: Child pedestrian: Factors 

associated with ability to cross roads safely and development of training package. Victoria: 

Monash University Accident Research Centre (MUARC) (2008). 

10. Schwebel, D. C., Gaines, J., Severson, J.: Validation of virtual reality as a tool to understand 

and prevent child pedestrian injury. Accident Analysis & Prevention, 40(4):1394–1400 

(2008). 

11. Schwebel, D. C., McClure, L. A., Severson, J.: Usability and feasibility of an internet-based 

virtual pedestrian environment to teach children to cross streets safely. Virtual reality, 

18(1):5–11 (2014). 

12. Lane, H. C., & Johnson, W. L. (2008). Intelligent tutoring and pedagogical experience ma-

nipulation in virtual learning environments. The PSI Handbook of Virtual Environments for 

Training and Education, 3. 

13. Johnson, W. L., & Rickel, J. (1997). Steve: An animated pedagogical agent for procedural 

training in virtual environments. ACM SIGART Bulletin, 8(1-4), 16-21. 

14. Amokrane, K., Lourdeaux, D., & Burkhardt, J. M. (2008). HERA: Learner Tracking in a 

Virtual Environment. IJVR, 7(3), 23-30. 

15. Buche, C., Bossard, C., Querrec, R., & Chevaillier, P. (2010). PEGASE: A generic and 

adaptable intelligent system for virtual reality learning environments. International Journal 

of Virtual Reality, 9(2), 73-85. 

16. Van der Molen, H. H., Rothengatter, J. A., & Vinjé, M. P. Blueprint of an analysis of the 

pedestrian's task I. Accident Analysis & Prevention, 13(3), 175-191 (1981) 

17. Thomson, J.A., Tolmie, A., Foot, H.C., McLaren, B.: Child Development and the Aims of 

Road Safety Education. Road Safety Research Report No. 1. London: HMSO (1996). 

18. Ampofo-Boateng, K., Thomson, J.A.: Children’s perception of safety and danger on the 

road. British Journal of Psychology, Vol. 82, 487-505 (1991). 

19. Hill, R., Lewis, V., Dunbar, G: Young children's concepts of danger. British Journal of 

Developmental Psychology, 18, 103–120 (2000). 

20. Underwood, J., Dillon, G., Farnsworth, B & Twiner, A.: Reading the road: the influence of 

age and sex on child pedestrians' perceptions of road risk. British Journal of Psychology, 98, 

93-110 (2007). 

21. Orlosky, J., Weber, M., Gu, Y., Sonntag, D., & Sosnovsky, S. (2015). An Interactive Pedes-

trian Environment Simulator for Cognitive Monitoring and Evaluation. In Proc. of the 20th 

International Conference on Intelligent User Interfaces Companion, 57-60 (2015). 

22. Corbett, A.T., Koedinger, K.R., Anderson, J.R.: Chapter 37 Intelligent Tutoring Systems. 

Handbook of Human-Computer Interaction. Elsevier Science B. V. (1997). 

23. Millington, I., Funge, J.: Behavior Trees. Artificial Intelligence for Games, 2nd ed. 334-370. 

Morgan Kaufmann Publishers Inc., San Francisco, CA, USA. (2009) 

24. David, K. S., Sullivan, M.: Expectations for walking speeds: standards for students in 

elementary schools. Pediatric Physical Therapy, 17(2), 120-127 (2005). 

25. Piaget, J. (1952). The origins of intelligence in children. New York, NY: International Uni-

versities Press. 

26. Gu, Y., & Sosnovsky, S. Recognition of student intentions in a virtual reality training envi-

ronment. In Proceedings of the companion publication of the 19th international conference 

on Intelligent User Interfaces, 69-72 (2014). 


