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Introduction

Going to and from school with school transport is a daily activity done by a lot of children within Europe, with about 250 000 children in Sweden, 700 000 in Poland, 450 000 in Austria while there would be about 4.5 millions in Germany and 4 millions in France (Pauzié et al., 2010). Protecting children -one of the most vulnerable transport system's users -is of great importance for all societies, but solutions to increase safety of bus transport to school is a quite underinvested area in many EU-countries, even if several measures for children are recommended in the EU-report Road safety in school transport (2004). In terms of accidentology, the most frequent scenarios of accidents are the following:

• school bus manoeuvring at a slow speed on a square or on a parking space with the driver attention devoted to other pedestrians around the bus and to the surrounding traffic. • drivers missing the detection of a pedestrian located on the side of the bus in the blind spot.

• pedestrian running over by the bus with high gravity of injury [START_REF] Brenac | Typical accidents scenario involving pedestrians and elements for prevention (in French) INRETS report n° 256[END_REF].

• child falling down between the bus and the sidewalk, or falling dawn from the sidewalk to the road at the arrival of the bus or when it is leaving the stop (French National Council of Transport, C.N. T. report, 2003).

Generally speaking, data show that one of the most critical situations in terms of safety is dealing with pedestrians around bus stops, going in and out from the bus [START_REF] Vayre | The risk of accident for a Parisian pedestrian[END_REF]. Despite the several Information and Communication Technology (ICT) functionalities developed these last decades to improve road safety, the use of support systems for school transport related to children boarding, exiting or walking to/from or waiting at the bus stop, is quite scarce, a literature review showing only very few scientific papers evaluating such systems [START_REF] Bruneau | Evaluation of two school bus advance signalling devices: The eight-light system and hazard lights[END_REF][START_REF] Carson | Development and evalutation of an active warning device for school bus loading and unloading pints in the area of limited visibility[END_REF][START_REF] Johnston | An evaluation of electronic pedestrian detection systems for school buses[END_REF][START_REF] King | Review of safe school travel initiatives: flashing lights at school zones and high visibility bus strips[END_REF].

In this context, a system allowing to automatically detecting vulnerable road users around the bus and displaying information to the bus driver could have a great positive impact on safety. Nevertheless, a specific concern has to be dedicated to the fact that the information should be easy understandable and legible by the driver, in order not to interfere with the main driving activity management. Furthermore, the issue of integration of this information with other functionalities of the informative and assistive system potentially useful for the bus driver has also to be considered.

In this perspective, this research has been developed as part of the Safeway2School European project, focusing on the human centred design concept of a school bus Driver Support System (DSS), aiming at displaying informative and warning information to assist the driver in his/her task and to improve road safety of children on their scholar trip.

Human centred design approach for bus Driver Support System

Support system HMIs have to be designed aiming at supporting human capabilities and compensating human limitations, to reduce errors and to improve drivers' and children safety. In order to fulfil this goal, a human centred design approach for the school bus Driver Support System has been followed, according to these phases:

--Definition of use case for the innovative system --Ergonomic inspection of system --Survey to identify context of use among school bus drivers --Setting up of an ergonomic mock-up --Transcultural evaluation of the mock up functionalities among bus drivers

Definition of use case for the innovative system

A use case is used as a tool implemented in the system analysis to identify, clarify, and organize system requirements. The use case is made up of a set of possible sequences of interactions between systems and users in a particular environment and related to a particular goal and comprise a powerful tool to capture functional requirements for software systems to evaluate them.

The methodology followed on Safeway2School Use Cases consisted in identifying drivers' needs through focus groups investigation and questionnaires to experts in the area. Following this analysis, identification of DSS use cases has been conducted for the following functionalities: Intelligent Speed Adaption (ISA), Safety belt checker, Child approach to bus stop notification, Child at bus stop notification and Late arrival of the Child to the bus stop notification [START_REF] Chalkia | Use cases[END_REF].

Ergonomic inspection of system

Heuristic evaluation is a usability engineering method for finding and assessing usability problems that can be encountered while designing user interface as part of an iterative design process. Based upon ergonomic design literature (10 Nielsen's heuristics, Nielsen & Mack, 1994), three major criteria have been highlighted to fit ergonomic inspection in the context of the bus driver support:

Inter consistency: When using a set of systems/functionalities that is aiming for the same overall goal, it is important that this set of systems/functionalities is consistent and follows the same standards in order to make the task of the bus driver easier by, for example, reducing memory load and the likelihood of error due to faulty interpretation of system messages. It is also of importance that the systems/functionalities are consistent with the road network (e.g. the information displayed on the on-board system should strictly respect the road signs design in terms of colors and shape).

Conflict avoidance: Possible conflicts between the bus driver's main driving task and tasks related to use of the support system, as well as conflicts between the uses of two or more sources of information from the bus cockpit have to be inspected. Conflicts are divided into conflicts of information (e.g. incompatible messages from two sources) and conflicts of task (e.g. the main task of the bus driver and a system demand action at the same time).

Flexibility: Systems should meet requirements of the bus driver's level of experience and his needs. Therefore the possibility of shutting systems off and adjusting which information that should be apparent is needed. This criterion is important because the bus driver competence can vary in terms of experience and needs. (e.g., a navigation system that cannot be shut off would be problematic because the information would be superfluous for a school bus driver that has driven the same route for many years, thus being an unnecessary distraction). However, this criterion should take into account related safety issues since some systems safety benefits might overweigh the bus driver's preferred preferences.

These criteria constituted a theoretical framework and has been used for the future ergonomic design and evaluation of the DSS for the school bus drivers [START_REF] Dukic | Ergonomic inspection based on selected systems from the Benchmarking database[END_REF].

Survey to identify context of use among school bus drivers

A survey was conducted in two French bus companies, one managing exclusively school transport, covering rural school transport, as well as urban school transport, the other one based in the city in charge of urban public bus transport, with some of their lines stopping in front of schools. Overall, 28 drivers have filled out the questionnaire from the two bus companies, aged between 27 to 63 years, working in the companies between 1 to 32 years. The questions were related to the following aspects of the context: characteristics of the route, including visibility of bus stops, density of the traffic, speed and regulation, disturbance about children and pedestrians surrounding the bus, usefulness of identifying of children at bus stop and inside, opinion about information on seat belts fasten, support for management of time schedule and proposition of future technological solutions to assist their driving task. Interviews have been carried out in focus groups and through individual questionnaire.

The following table summarised some of the main results related to characteristics of the rural, urban school and public transport in addition to needs and requirements about potential ICT functionalities of a school bus DSS. This first investigation allowed showing that the driving context for school bus drivers is quite complex and under high constraints in terms of timing. The overall opinion of bus drivers about potential support brought by ICT functionalities is diversified and quite indecisive. Part of this uncertainty was linked to reluctance to modify activity as a consequence of the system implementation; part of it was linked to the difficulty to conceive in which way this system can be supporting the task.

Setting up of an ergonomic mock up

One of the objective of the mock up development was to overcome concern related to bus drivers' difficulty to conceive the future system, by illustrating in a concrete and dynamic way the DSS interface displaying a number of functionalities to be able to test their acceptability. Another one was for the human factors team to test various design options in a flexible way.

Based upon the previous data, several versions of the mock up display (2D, 3D, without pictograms) have been tested in the lab, and after several iterations, 3 versions of the dynamic ergonomic mock up have been selected to be presented to the bus drivers samples. To summarise, objectives of these mock-ups was:

• To test the integration and the organisation of the various available functions on the screen.

• To assess the HMI usability and acceptability by bus drivers in an iterative process by conducting a second survey in relation to the designs.

Evaluation of the mock up functionalities

A second survey has been conducted regarding the understandability, acceptability and usefulness of the warning and notification messages displayed on the dynamic ergonomic mock up. This survey has been conducted among a sample of school bus drivers in France, in Italy and in Sweden. The objective was to gather transcultural opinions and preferences of the school bus drivers in relation to the DSS concept (utility of each function during the route), as well as the human machine interface (easy or not to understand, to read and to perceive). Only some main results of this investigation are presented in this paper; due to limitation of space, only results from urban school transport company are presented in this paper.

French participants

The questionnaire has been filled in by 27 drivers, aging from 24 to 63 years and with working experience in the bus companies was between 2 and 28 years (figure 5). 

Ranking of Functions : Urban School Transport

Italian participants

The age of these 10 drivers was between 30 and 45 years and their seniority in the bus company between 3 and 11 years (Figure 6). 

Swedish participants

The average age of the10 drivers was 48,7 years with an average seniority in the bus company of 18 years (Figure 7). 

Similarities between the 3 countries

Location of pedestrians/children around the school bus: most of the bus drivers have positive opinion about this function that was judged useful, especially when children are located in the rear area of the bus and when pedestrians and children are crowded around the bus. Some French bus drivers indicated they have enough experience not to rely on electronic support, some Swedish ones rejected the principle.

Unfasten automatically seatbelt: This function has been identified after the analysis of the first survey, where the French drivers explained that one of their concern was the difficulty to release quickly all the children from the bus in case of crash because of the fasten seat belts. They proposed a system allowing unfastening all the seat belts by a simple push of button. The relevancy of this proposition was confirmed widely by the Italian and the Swedish population in the framework of the second survey.

Zoom and road map: school bus drivers of the 3 countries have a similar mixed opinion about these functions: part of the sample was positive, part was neutral and part was positive. Indeed, the view of the successive bus stops located on a map has been found relevant by drivers with low experience or having a new route, while regular and experienced drivers found it unnecessary.

Differences between the 3 countries

Information about children/pedestrian waiting at bus stop: Swedish bus drivers appreciated this function; warning about existing children at bus stop would allow them to adapt their speed when getting close to the stop in dark condition with low visibility. Italian bus drivers judged this function useful especially for a driver having a new route. French bus drivers were in favour of using this function only in the case where the same bus stop was used by several bus lines.

Location of children close to the bus stop around the street corner (a badge allows each child to be detected by the driver when walking to the bus stop even if he/she is not still visible but close): this function was appreciated and judged useful by Swedish bus drivers in case of darkness and bad weather conditions. Indeed, in Sweden, the weather can be so cold that it is dangerous to let a child in the country side. Italian bus drivers were more or less in favour of using this function to avoid that children miss the bus. French bus drivers judged this information not being relevant because it could encourage children to be systematically late at bus stops.

Send pre-recorded SMS: sending automatic SMS was not evaluated as being useful by Italian and French, due to the will for this population to explain in detail reasons of the delay linked to the context, and raising the potential ambiguity of pre-recorded messages, while Swedish drivers identified this functionality as a good opportunity to gain time.

Call company, colleagues and school: the function of calling external actors was moderately appreciated by the school bus drivers, especially the French ones and even worst the Italian ones. All of these drivers were belonging to urban school transport, and the negative opinion came from lack of time and potential distracting effect of phone call in heavy traffic.

Warning about late or early arrival at bus stops: this function was poorly appreciated by drivers from the three countries, as the possibilities to catch delays is highly restricted (precisely defined route, speed limit, …), leading bus drivers to feel powerless. The only positively rated information was the one in case of early arrival at bus stop where bus drivers can regulate better the route, by waiting children and driving slowly. But in case of delay, bus drivers thought generally that this information can be a problem of distraction during driving and a stress factor.

Warning about delays on arrival at the terminus: While Italian and French bus drivers considered useful to have a warning in case of delays on arrival time at the school, to increase their awareness and to be able to adjust their speed when it is necessary, the Swedish sample of drivers considered that this warning is stressful, especially when it is not possible to catch the delay, and rejected it.

Eco driving: these functions (fuel consumption and change gear information) were more or less appreciated by Swedish bus drivers but not at all by French and Italian bus drivers. Indeed, some Swedish drivers judged it useful in order to take care of the environment, whereas French and Italian bus drivers considered these functions as optional. Some drivers thought that it could contribute to improve driving style. Furthermore, it has to be noted that some French school buses are now equipped by automatic gearbox, so the eco-driving advice related to the appropriate change of gear would be not useful for them.

Speed limit: this function was not appreciated by French and Swedish bus drivers, especially with an auditory alarm, the first one considering they never overcame speed limit in urban area and the second one considering it could scare children. However, some Italian bus drivers judged it useful for the safety of children on board.

Automatic counting of children while boarding inside the bus: the function was not considered as very useful, but was not rejected either by Italian and Swedish bus drivers, while the French drivers appreciated it. Considering the details of the results, it appears that there is an important difference between rural dedicated school bus and urban public transport school bus: in the first case, the driver knows the children, so this function is less useful than in the second case where the information of exact number of children allows to adjust the frequency of the bus on the line, and so increase the quality of the management and avoid to have crowded bus.

Conclusion

Following a human centred design process to develop a Driver Support System for school bus drivers, this investigation allowed first of all identifying the diversity of opinions related to the implementation of a DSS in relation to the cultural backgrounds of the bus population at the European level. Nevertheless, some of these functions were unanimously positively rated, mostly regarding road safety such as detection of pedestrians around the bus, and corresponding to a real issue in terms of road safety confirmed by the statistics in accidentology. The dynamic schema proposed as HMI for this functionality was well accepted, considered as being clearly understandable and a useful support, especially to overcome blind spots. Secondly, following questionnaires results and confirmed through exchanges and discussions with the drivers, it was identified that part of the level of acceptability of these functionalities is strongly connected with the high timing constraints and the stress of the task. The issues were managing and controlling both children safety and time schedule at the successive bus stops and at the final destination. Some of the functions were more or less rejected by some drivers with the concern of a potential impact by increasing their level of stress. This approach brought concrete data regarding the priorities of ICT functionalities to be implemented to support the school bus drivers based upon an analysis of their context, needs and requirements. The diversity of opinions linked to the cultural belonging at the European level has been also identified and will have to be taken into consideration in a perspective a future implementation of these functionalities.
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