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Crossing a road intersection, a driver must collect a certain amount of visual information from various locations. The allocation of visual attention, which allows this collection, mainly relies on top-down processes. This study focuses on three top-down factors which inuence the collection of visual information: the value of visual information for the ongoing task, their bandwidth, and the familiarity with the environment. These factors are studied according to the priority rules at intersections (Give way, Stop or Priority), the expected trac density (Lower or Higher) and the number of passages (First or Second passage).

Fourteen participants were installed in an instrumented vehicle equipped with an eye-tracker. They drove during 1h45 along a 80-km long route, mainly on rural roads, which included 19 intersections. Visual attention was studied by means of the head and gaze horizontal eccentricity. Eects were found for each of the three factors, in agreement with Wickens' theoretical framework and with previous studies, despite the important variability in the data due to the experimental situation.

Introduction

Anticipation is paramount when driving in a complex environment. A large part of the eort of understanding what is going on around us is allocated to predictions about the state of the environment in the near future [START_REF] Endsley | Toward a theory of situation awareness in dynamic systems[END_REF][START_REF] Montel | Voies urbaines : représentations et attentes des conducteurs de jour, de nuit et en soirée[END_REF][START_REF] Engström | Great expectations: a predictive processing account of automobile driving[END_REF]. This is particularly true with regard to the road environment, where it is possible to make predictions with reasonable chances of success. In particular, the road trac regulations dene formal rules: the road is an articial environment designed to make anticipation easier and to facilitate the collection of visual information. It is composed of elements of the road landscape (e.g. crosswalks, intersections, road markings) together with contextual and variable elements (e.g., road trac, weather, time of the day) [START_REF] Solt | La navigation urbaine des enfants-piétons : Approche développementale et ergonomique[END_REF]. Sometimes, semantic information is explicitly delivered (e.g., trac lights, road signs, road markings).

Visual attention is the rst step of information collection during the driving task, selecting relevant items in the eld of view and allowing them to appear in central vision, where the human visual system provides better perception of details and colors.

The number of accidents at intersections each year makes this situation particularly important. In 2017 in France, 18,507 accidents with personal injuries occurred at intersections (608 deaths and 7,559 hospitalizations), which corresponds to 18% of road deaths and 27% of hospitalizations [START_REF] Onisr | La sécurité routière en France. Bilan de l'année 2017 . La documentation Française[END_REF]. It should be noted that 17% of the accidents at intersections occur outside urban areas, while they cause 53% of the deaths.

Approaching an intersection requires a specic behavior involving the detection and anticipation of a possible collision. The driver needs to collect visual information on all branches of the intersection, together with the information needed for vehicle control. Specic visual information is required to anticipate the behavior of the other vehicles, and to decide whether to stop or not. All in all, this includes most of the driver's visual eld, while the focus of attention can be directed to only one location at a time.

According to the three cognitive levels of driving described in most models of the driving task [START_REF] Allen | Driver information needs[END_REF][START_REF] Michon | A critical view of driver behavior models. What do we know, what should we do[END_REF], the decision-making subtask associated to intersection crossing belongs to the tactical level (maneuvering): it needs a short-term decision (in seconds), and needs visual information about the road environment and the vehicles around. Simultaneously, during the intersection approach, the vehicle control subtasks (at the operational level of the hierarchy), that is, the control of the heading and of the lateral and longitudinal position, are still needed and require specic visual information.

Relevant information for the intersection crossing decision subtask is located where the danger comes from: on the lanes that the driver is about to cross (see the lateral branches yellow boxes on Figure 1). For the sensorimotor subtasks of vehicle control, most of the information is taken in central vision 1 from the driver's own roadway: the lane edges, the vanishing point, the tangent point, a vehicle in front, the far and near points, or even the road texture, depending on the trac and the road geometry [START_REF] Donges | A two-level model of driver steering behavior[END_REF][START_REF] Land | Which parts of the road guide steering?[END_REF][START_REF] Chatziastros | The eect of eld ofview and surface texture on driver steering performance[END_REF][START_REF] Salvucci | A two-point visual control model of steering[END_REF][START_REF] Lappi | Future path and tangent point models in the visual control of locomotion in curve driving[END_REF][START_REF] Lappi | Visuomotor control, eye movements, and steering: A unied approach for incorporating feedback, feedforward, and internal models[END_REF] (see the driver's road yellow boxes on Figure 1).

Before reaching an intersection, the driver needs to collect information about the trac on the lateral branches. Therefore, the main source of visual information for the decision-making task comes from those areas. But some trade-o is 1 The optic ow also gives important visual cues [START_REF] Mole | Optic ow speed modulates guidance level control: New insights into two-level steering[END_REF].
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Figure 1: Top: bird's view of a stop intersection (intersection A in Table 1). The image is extracted from www.geoportail.gouv.fr. Bottom: view of the same intersection from the onboard camera. The lateral branches yellow boxes refer to the areas where visual information can be collected for the decision-making subtask, while information for the vehicle control subtask is taken from the driver's road yellow box. Top-down factors. When the allocation of visual attention is task-driven, it is called top-down attention, and depends on the current goals. On the opposite, bottom-up allocation of visual attention (data-driven) depends on the characteristics of the visual scene [START_REF] Koch | Shifts in selective visual attention: towards the underlying neural circuitry[END_REF][START_REF] Wolfe | What attributes guide the deployment 765 of visual attention and how do they do it[END_REF].

The present research focuses on the factors that inuence top-down attention, especially since top-down processes seem to be more inuential, compared to bottom-up processes, when the task is particularly complex [START_REF] Foulsham | The where, what and when of gaze allocation in the lab and the natural environment[END_REF][START_REF] Land | Looking and acting: vision and eye movements in natural behaviour[END_REF] as well as in natural settings [START_REF] Hayhoe | Eye movements in natural behavior[END_REF][START_REF] Land | The knowledge base of the oculomotor system[END_REF][START_REF] Trick | Paying attention behind the wheel: a framework for studying the role of attention in driving[END_REF][START_REF] Land | Eye movements in daily life[END_REF][START_REF] Tatler | Eye guidance in natural vision: Reinterpreting salience[END_REF].

According to [START_REF] Senders | A re-analysis of the pilot eye-movement data[END_REF], top-down visual attention is driven by two factors: the expectancy and the value of the information. The value refers to the relevance of an element of information for a given task. In the case of the intersection approach, the lateral branches provide the relevant information to make the decision, namely the speed, distance and behavior of the approaching vehicles. However, the relevance of this information depends on the priority rule (Priority, Stop or Give way), which modulates the value of this information.

In the sense of [START_REF] Senders | A re-analysis of the pilot eye-movement data[END_REF], the expectancy associated to a given area of interest is the quantity of information in this area relevant for the task at hand. He also introduced in this context the notion of information ow, the bandwidth, which corresponds to the frequency of information renewal. It is considered as modulating the expectancy associated to a given source of information, and as such it is expected to impact the allocation of visual attention towards this source.

Senders theoretical model was consolidated in the literature by experimental studies to test its predictions through the visual occlusion protocol, which provides a dynamic approach to the visual requirements of driving [START_REF] Senders | The attentional demand of automobile driving[END_REF][START_REF] Kujala | The attentional demand of automobile driving revisited: occlusion distance as a function of task-relevant event density in realistic driving scenarios[END_REF]. [START_REF] Wickens | Pilot Task Management: Testing an Attentional Expected Value Model of Visual Scanning[END_REF][START_REF] Wickens | Attentional models of multitask pilot performance using advanced display 760 technology[END_REF] have proposed a model for the allocation of visual attention based on Senders theoretical model. If some relevant information in a given area change over time, the bandwidth associated to this area will be more important, because the information already collected quickly become obsolete.

During the approach of the intersection, one may speculate that the expected trac density in the lateral branches modulates the bandwidth, that is, the speed at which previous information becomes useless.

The information already in memory may also tune the allocation of attention in a top-down way [START_REF] Awh | Top-down versus bottomup attentional control: A failed theoretical dichotomy[END_REF]. Studies from [START_REF] Mourant | Mapping eye-movements patterns to the visual scene in driving: an exploratory study[END_REF] and [START_REF] Martens | Does road familiarity change eye xations? A comparaison between watching a video and real driving[END_REF] on familiarity showed that after three drives on the same route, the amount of visual search and the number of gaze on road signs decreases. Indeed, information available in memory inuences how the driving task is performed [START_REF] Shinoda | What controls attention in natural environments[END_REF][START_REF] Lappi | Systematic observation of an expert driver's gaze strategyan on-road case study[END_REF], and previous knowledge associated with the task may aect the allocation of visual attention [START_REF] Logan | An instance theory of attention and memory[END_REF]. This explains why visual exploration may dier depending on the number of times the task has already been completed. In other words, a learning eect is expected. In our study, familiarity was considered, comparing the rst and second crossing at some of the intersections.

The aim of this paper is to test the impact of these three factors the priority rule, the expected trac density and the familiarity on the allocation of visual attention in a real driving situation. For that purpose, we propose predictions for each of these factors, detailed below; they will be compared to observations in the eld.

Predictions concerning the priority rule. This study considered three priority rules at intersections: Stop, Give-way and Priority. These rules require specic behaviors, and therefore should inuence the driver's decision to stop or not.

In the Stop condition, the decision to stop is mandatory. Therefore, the value of the information from the lateral branches should be close to zero when approaching an intersection with a Stop sign.

In the Priority condition, the decision not to stop is strongly suggested.

However, the associated behavior implies some potential interactions with the other road users. Indeed, even through other drivers ought to give way, a collision is possible, and the driver can decide to stop if he perceives such a risk. For these reasons, the value of the information from the lateral branches should be higher than in the Stop condition.

In the Give-way condition, the decision is not imposed; it strongly depends on the information collected in the environment. The visual information from the lateral branches are more useful in this condition than in the two others, so their value is expected to be the highest.

Considering that the more relevant an information is, the more it is looked at, our hypothesis is that the visual exploration of the environment is more important in the Give-way condition than in the Priority condition, and in the Priority condition than in the Stop condition.

Predictions concerning the expected trac density. In the Give-way condition, the task diculty depends on the trac, as the drivers continuously need to check for a possible collision. But how does the task diculty changes with the trac density? This is not straightforward. In previous studies, heavy trac has been associated with a more dicult driving task, but the specic driving task was often dierent from the present scenario. For example, [START_REF] Werneke | What does the driver look at? the inuence of intersection characteristics on attention allocation and driving behavior[END_REF] showed that when the driver stops at a T-junction with the intention of turning right, more gaze allocation is observed on the left lane with increasing trac density. This suggests that visual exploration increases with trac density. But in their study, the task was to decide when to restart, not whether to stop or not.

In a study similar to the one presented in this paper, but in a driving simulator, visual exploration was studied in relation to the driving subtasks [START_REF] Lemonnier | Discriminating cognitive processes with eye movements in a decision-making driving task[END_REF][START_REF] Lemonnier | Gaze behavior when approaching an intersection: Dwell time distribution and comparison with a quantitative prediction[END_REF]. Various exploration patterns were found while the driver decided whether to stop or not, showing a completely dierent exploration prole for the decision to stop compared to the decision to restart. In our case, at least with a Stop or a Give Way sign, it can be speculated that the task diculty would decrease with increasing trac density, as the decision to stop becomes easier. Thus, our hypothesis with Stop and Give Way is that visual exploration on the lateral branches decreases with increasing trac density.

Predictions about the familiarity. In a driving simulator study, [START_REF] Martens | Stimuli xation and manual response as a function of expectancies[END_REF] asked participants to cross the same intersection several times. With training, she observed a decrease of the total dwell time in certain areas of interest associated with the task. She reproduced her study in real settings [START_REF] Martens | Does road familiarity change eye xations? A comparaison between watching a video and real driving[END_REF], and similarly observed a decrease of the total xation times and of the total number of xations in areas of interest related to the task over the course of the trials (one circuit per day over three days). These results are consistent with the idea that when the environment becomes familiar, the relevance (value) of visual information from the lateral branches decreases, and so does the visual exploration.

In our study, the participants had to cross some of the Give-way intersections twice. Our hypothesis with respect to route familiarity is that the visual exploration decreases between the rst and the second passing of these intersections.

Material and method

Participants

Fourteen participants (11 men, 3 women) took part in the experiment. They were recruited within the Cerema and the DDTM (this includes various departments of the ministry of Transport, Public Works and Environment, Saint-Brieuc, France). All participants had a normal or corrected-to-normal vision, and had their driving license for at least six years. On average, these participants were 44 years old (SD = 11), had their driving license for 25 years (SD = 13), and estimated they drove 311 km per week (SD = 229).

The instrumented vehicle

The vehicle was a Renault Clio III with a manual transmission instrumented by Cerema.

The eye-tracker

The eye-tracker was a Smart Eye Pro 5.9. It was xed inside the vehicle and had a sampling frequency of 60 Hz. It used four monochromatic cameras (XC HR50; Sony) xed on the dashboard to record the driver's face from four dierent angles (see Figure 2,A).

The eye-tracker allowed collecting the head and gaze directions with respect to the vehicle axis (which was xed in the eye-tracker system conguration).

For each participant, a head model is computed, then the gaze direction can be calculated. These settings allowed the collection of head angles (horizontal, vertical and roll) and gaze angles (vertical and horizontal). Two infra-red light sources pointed at the driver, allowing the cameras to detect corneal reection (see Figure 2,B). Three cameras were xed under the rear-view mirror (see 

Vehicle data

Speed and position of the vehicle were recorded with a dedicated computer (DIRCO, developed by the LIVIC-IFSTTAR and Lolitech company), connected to the Controller Area Network (CAN) bus and a GPS receiver. GPS data were used to select the data along the road sections and intersections under investigation. These data were collected at a sampling rate of 25 Hz.

Synchronization

A third computer, equipped with The Observer XT software (Noldus Information Technology) managed the system, launching the eye tracking software (SceneRecorder and Smart Eye Pro 5.9; SmartEye), the video acquisition from indoor cameras and microphone (MediaRecorder; Noldus Information Technology) and sending a synchronization signal to the DIRCO computer. This conguration allowed automatic synchronization of the CAN bus and GPS data with the videos. The eye-tracker data were synchronized with the above data thanks to The Observer XT software.

The route and the intersections

The route was about 80 km long near the city of Saint-Brieuc, France (see Figure 3). It provided mostly single carriageway road sections in rural environments but also included dual carriageway sections and single carriageway sections in urban areas.

On this route, eight intersections composed of two roads intersecting at 90

• were selected for analyses. These intersections were chosen in order to sample the three types of priority rules (Stop, Give way and Priority). They were all interurban, except one in an open urban area (intersection H).

The same intersection could be crossed several times, either from another direction, or in the same direction but later in the experiment. It was these crossings, not the intersections, that formed the trials of our experimentation.

Given that we were interested in the approach of the intersections (the last 100 meters) and not in their crossing, a trial corresponded to an approach. There were 19 trials, each one being described based on its priority rule, the expected trac density at this intersection and the Passage order (see Table 1). 

Procedure 220

The experimenter rst explained to the participant the general course of the experiment. The participant was then asked to complete an informed consent form. He entered the instrumented vehicle and was asked to sit comfortably, with the option of adjusting the seat and mirrors. To become familiar with the vehicle, he was asked to drive in the presence of the experimenter on a 225 5-minute tour. Then, he completed a general purpose questionnaire, while a second experimenter prepared the vehicle. The calibration of the eye-tracker was done with the second experimenter.

The positions of the four cameras on the dashboard were adjusted to the participant. A head model was then calculated by the software, then the gaze calibration was made using ve points, four on the car hood and one on the windshield. This calibration was checked with various control points inside and outside the vehicle (the latter were more than 10 meters away in front of the vehicle).

The participant was told to drive as if he was alone in the car, even though the rst experimenter sat in the right rear seat. A GPS navigator was used to

give auditory information about the directions to follow. In case of doubt, it was suggested that it would be better to make a decision without asking the experimenter. The GPS navigator was behind the passenger's seat, so that it could not be seen by the participant. Only auditory information was available to him, in order to avoid an additional source of visual information. Then, the participant started to drive. The experiment lasted on average 3h, including 1h45 driving (never more than 2h).

Independent variables

Road sections. To account for behavioral changes during an intersection approach, a road section factor was also dened. The last 100 meters before the intersection were divided into three sections: from 100 to 66 meters, from 66 to 33 meters, and from 33 to 0 meters before the intersection.

Priority rule. The rst independent variable was the priority rule, with the following conditions: Give way, Stop and Priority.

Expected trac density. In the Stop and Give Way conditions, the expected trac density was dened at each intersection as an a posteriori factor.

In a previous study [START_REF] Lemonnier | Gaze behavior when approaching an intersection: Dwell time distribution and comparison with a quantitative prediction[END_REF], the bandwidth of visual information was modulated by controlling the actual trac density on the intersecting road. The authors suggested that it is not the actual trac that modulates the allocation of visual attention, but the expected trac. Indeed, the environment gives implicit information that the driver gets from visual cues, such as the road width, roadside environment and the like, which contribute to suggest the level of trac at any given intersection.

As a rough estimate of the trac density, the onboard experimenter noted the number of vehicles crossing the intersection from the lateral branches during each approach. From these data, the average trac across participants was computed for each intersection. Two categories of trac density have been constructed from these data, Lower and Higher.

The observed mean trac density (across participant) was labelled as Lower or Higher, depending on a specic threshold. This threshold was dierent for Familiarity. A third factor was built to account for the driver's familiarity with the environment. It was only relevant at the three Give-way intersections that the participants crossed twice, so that the analyses were restricted to a subset of the data. This factor has two conditions, First and Second passage, and concerns three zones (see Table 1).

Dependent variables

The visual exploration is studied through the horizontal eccentricity of the head and gaze angles of the driver. Horizontal eccentricity is dened as the absolute value of the horizontal component of the gaze (and head) direction angle; a zero value corresponds to the vehicle roll axis. We used mean absolute value because we had no hypothesis regarding the right/left symmetry of gaze.

This was allowed on the one hand by the research question, related to the search for information in relation to the vehicle control and intersection crossing subtasks; and on the other hand by the symmetry of the chosen intersections.

An increase in horizontal eccentricity will be interpreted as an increase in visual exploration, increasing the amount of relevant visual information collected from the intersecting road.

Data analyses

The analyzed data are those collected during the last 100 meters before crossing each intersection. The choice of this distance was determined by the constraints of the eld situation. Indeed, the intersections were selected so that the road section before each intersection was as similar as possible across intersections in terms of visibility and trajectory. Given the topography of the road network, it was decided to focus on the last 100 meters. The end of a trial was either when the participant arrived at the intersection entrance, or when the vehicule speed dropped below 1 m/sec (3.6 km/h). This allowed focusing on the data related to the approach, not on the stop and the restart.

The rst part of the Results section is devoted to descriptive analyses of the vehicle data: number of stop behaviors and average speed per condition.

Then, the gaze and head horizontal eccentricity are analyzed. Two series of 3×3 within-subject repeated measures ANOVAs, for the head and for the gaze, 3. Results

Stop behavior and speed

All participants systematically stopped at intersection with either a Stop or a Give-way, and conversely, they all passed without stopping with a Priority.

We did not observe any non-stop behavior with the Stop and Give-Way priority rule conditions, which can be explained by the presence of the experimenter. The average speed of the participants are shown in Figure 4. The speed is rather constant with a Priority sign during the 100 meters of the approach, whereas it decreases in the Stop and Give-way conditions, which is consistent with the systematic stopping behaviors in these two conditions. The patterns are very similar to those observed in a previous study in a driving simulator [START_REF] Lemonnier | Discriminating cognitive processes with eye movements in a decision-making driving task[END_REF].

The priority rule and the road section

Individual data of the gaze eccentricity is plotted in Figure 5, for three intersections, with each of the three priority rules. It gives some intuitive sense of the data. 1).

In order to study the eects of the priority rule (Priority, Give-way, Stop)

and of the position with respect to the intersection (the three road sections), 3×3 For each of these analyses, when a signicant eect was found, the contrasts between each condition of the priority rule for each road section, as well as between each road section for each of the priority rule conditions, were tested.

Given the large number of contrasts, a post-hoc multiple comparisons test was more suitable than a planned comparison and a Tukey HSD test (Honestly Signicant Dierence) was therefore conducted.

Gaze eccentricity. Signicant eects of the priority rule and of the road section were found: the priority rule, F (2,26) = 25.32, MSE = 3.03, p < .001, η 2 = 0.661; the road section, F (2,26) = 14.70, MSE = 3.90, p < .001, η 2 = 0.531. A signicant interaction was also found, F (4,52) = 3.25, MSE = 1.80, p = 0.019, η 2 = 0.200.

For the 100-66 meters road section, there was no dierence between the three priority rule conditions (Give-way vs. Stop: p = 0.082; Give-way vs. Priority: p = 0.892; Priority vs. Stop: p = 0.782). For the 66-33 meters and 33-0 meters sections, the gaze horizontal eccentricity was smaller in the Priority condition than in the Give-way (66-33 m: p < .001; 33-0 m: p < .001) and Stop (66-33 m: p= 0.020; 33-0 m: p < .001) conditions, without any signicant dierence between these last two conditions (66-33 m: p = 0.798; 33-0 m: p = 0.994), see Figure 6.

In the Give-way condition, the gaze horizontal eccentricity increased between the 100-66 and 33-0 meters road sections (p < .001), without any dierence between the 100-66 and 66-33 road sections (p = 0.156), or between the 66-33 and 33-0 sections (p = 0.084). In the Stop condition, the horizontal eccentricity did not change signicantly between the 100-66 and 66-33 meters sections (p = 0.241), but increased between the 66-33 and 33-0 sections (p = 0.011). In the Priority condition, the gaze horizontal eccentricity did not change signicantly between the 100-66 and 66-33 sections (p = 1), or between the 66-33 and 33-0 sections (p = 0.974).

Head eccentricity. Signicant eects of the priority rule and of the road section were found on the head horizontal eccentricity: the priority rule, F (2,26) = 21.53, MSE = 4.81, p < .001, η 2 = 0.624; the road section, F (2,26) = 48.14, according to the road section ahead of the intersection and the priority rule. MSE = 7.29, p < .001, η 2 = 0.787. A signicant interaction was also observed, F (4,52) = 10.06, MSE = 4.34, p < .001, η 2 = 0.436 (see Figure 6).

In the 100-66 and 66-33 meters road sections, there was no signicant dier-380 ence between the dierent priority rule conditions (Give-way vs. Stop, 100-66 m: p = 0.996, 66-33 m: p = 1; Give-way vs. Priority, 100-66 m: p = 0.940, 66-33 m: p = 0.737; Priority vs. Stop, 100-66 m: p = 1; 66-33 m: p = 0.866).

In the 33-0 meters road section, the head eccentricity was smaller in the Priority than in the Give-way (p < .001) and Stop conditions (p < .001), without any signicant dierence between these last two (p = 1).

The head horizontal eccentricity did not change signicantly between the 100-66 and 66-33 meters road sections for any of the three priority rule conditions (Give-way: p = 1; Priority: p = 1; Stop: p = 0.982). However, it increased between the 66-33 and 33-0 meters sections in the Give-way (p < .001) and Stop (p < .001) conditions, not in the Priority condition (p = 0.619).

Expected trac density

The modalities of the expected trac density factor were built a posteriori, and only on Give-way and Stop intersections.

Two 2×3×2 repeated measures ANOVAs were conducted on the gaze and head horizontal eccentricity. The factors of interest were the priority rule (Giveway and Stop), the road section (0-33, 33-66 and 66-100 m), and the expected trac density (Lower and Higher). Planned contrasts analyses were also conducted. The average values and standard deviations of the dependent variables are presented in Table 3 F (1,13) = 3.84, p = 0.072; expected trac density × road section, F (2,26) = 3.14, p = 0.060. A signicant double interaction eect was found between the priority rule, the road section and the expected trac density, F (2,26) = 12.92, MSE = 3.30, p < .001, η 2 = 0.498 (see Figure 7).

The planned contrasts analysis did not indicate any signicant dierence between the Lower and Higher expected trac densities in the Give-way condition for the 100-66 and 33-0 meters sections (100-66: p = 0.804; 33-0: p = 0.409).

In the same Give-way condition, a dierence between Lower and Higher trac density was found for the 66-33 meters road section (p = 0.005), with higher eccentricities in the Lower (M = 10.02°, SD = 2.36°) than in the Higher condition (M = 5.93°, SD = 3.58°). In the Stop condition, no signicant dierence between the Lower and Higher expected trac density was found, whatever the section (100-66: p = 0.087; 66-33: p = 0.173; 33-0: p = 0.416).

Head eccentricity. One signicant main eect was observed, for the road section: F (2,26) = 18.24, MSE = 6.18, p < .001, η 2 = 0.584. The eect of the priority rule, F (1,13) < 1, p = 0.932, and the expected trac density, F (1,13) < 1, p = 0.878, were not signicant.

No signicant interaction was observed: priority rule × road section, F (2,26) = 1.14, p = 0.335; priority rule × expected trac density, F (1,13) = 3.41, p = 0.088; expected trac density × road section, F (2,26) = 1.76, p = 0.192. No double interaction was observed, F (2,26) < 1, p = 0.819.

Familiarity

The analyses were restricted to six out of the seven Give-way conditions (see Table 1). Two 2×3 repeated measures ANOVAs were conducted respectively on the gaze and head horizontal eccentricity. The factors of interest were the familiarity (First and Second passage) and the road section. The average values and standard deviations are presented in Table 4. two passages on the 100-66 and 33-0 meters road sections (100-66: p = 0.215; 33-0: p = 0.863), but a dierence was found in the 66-33 meters road section (p = 0.002), with larger horizontal eccentricities during the First (M = 10.80°, SD 440 = 3.71°) than during the Second passage (M = 6.83°, SD = 1.60°), see Figure 8. Head eccentricity. There was no main eect of the familiarity on head eccentricity, F (2,26) < 1, p = 0.815, but there was a signicant main eect of the road section, F (2,26) = 12.45, MSE = 3.80, p < .001, η 2 = 0.490, and a signicant eect of interaction between familiarity and road section, F (2,26) = 3.66, MSE 445 = 2.12, p = 0.040, η 2 = 0.220.

The planned contrast analysis did not indicate any signicant dierence between the First and Second passages, regardless of the road section (100-66: p = 0.213; 66-33: p = 0.095; 33-0: p = 0.109).

In order to understand the dierences that lead to a signicant interaction eect, a post-hoc analysis of multiple comparisons was conducted (Tukey HSD).

For the First passage, this analysis did not nd any signicant dierence between the 100-66 and the 66-33 meters road sections (p = 0.160), or between the 66-33 and the 33-0 meters road sections (p = 0.259), but a dierence was found between the 100-66 and the 33-0 meters road sections (p < .001). For the Second passage, no dierence was found between the 100-66 and 66-33 meters road sections (p = 0.997), but a signicant dierence was found between the 66-33 and 33-0 meters road sections (p < .001).

Discussion

This study investigated the eect of three factors, the priority rule, the expected trac density and the familiarity, on visual exploration during road intersections approaches. Two indexes of visual exploration have been considered: the gaze and head horizontal eccentricities. The intersection approach was split into three road sections, 100-66 m before the intersection, 66-33 m and the last 33 m.

The results for each factor of interest will be discussed as follows. First, the main results are discussed. Then, the rst two factors of interest, the priority rule and the expected trac density, are discussed together in reference to previous studies conducted in a driving simulator [START_REF] Lemonnier | Discriminating cognitive processes with eye movements in a decision-making driving task[END_REF][START_REF] Lemonnier | Gaze behavior when approaching an intersection: Dwell time distribution and comparison with a quantitative prediction[END_REF].

The familiarity refers more specically to the work of [START_REF] Martens | Does road familiarity change eye xations? A comparaison between watching a video and real driving[END_REF] and is be discussed in this regard.

Gaze and head eccentricities.

The observed eects for the head horizontal eccentricity seem less marked than for the gaze. According to [START_REF] Land | Looking and acting: vision and eye movements in natural behaviour[END_REF], in everyday life, gaze changes are made by moving the head and eyes. Up to 30°changes, one third of the rotation is supported by a head rotation. Beyond 30°, the contribution of the head becomes more important. Below 20°, the movement would be ensured almost exclusively by a change in the gaze position. In our study, the gaze and head angles are on average below 20°(see Figure 6), which may explain that eects were stronger on the gaze than on the head.

A temporal shift between the gaze and head horizontal eccentricities was observed. Specically, in the Give-way conditions, the gaze angles begin to increase during the second road section (66-33 meters), while the head angles only increase in the third section (last 33 meters). The following pattern may be speculated: drivers begin to shift their gaze to the left and right to make their decision, and then the head follows for a better muscular comfort. Moreover, the accuracy of spatial perception is lower when the eyes and head are oriented in dierent directions [START_REF] Blohm | Depth estimation from retinal disparity requires eye and head orientation signals[END_REF][START_REF] Burns | Head roll inuences perceived hand position[END_REF]. Arriving at an intersection, the drivers need to shift their gaze more often from the lateral branches (for decision making) to the road ahead (for vehicle control).

Even though the gaze horizontal eccentricity corresponds better to visual exploration, η 2 was always more important for the head than for the gaze horizontal eccentricity. This implies less variability with the head than with the gaze, which makes the head horizontal eccentricity a more robust measure.

The value and the bandwidth of visual information

Road section. The rst factor studied was the road section, i.e. the distance to the intersection, which accounted for the dynamic aspect of driving. We did not have a specic hypothesis about it; it was the interactions with the other factors that was under study. We therefore analyzed this factor in conjunction with other factors.

It can be speculated that the position of the driver relative to the intersection inuences the pattern of visual exploration [START_REF] Lemonnier | Gaze behavior when approaching an intersection: Dwell time distribution and comparison with a quantitative prediction[END_REF]. As the distance to the intersection decreases and temporal pressure increases, the eects of each of the three previous factors, the priority rule, the expected trac density and the familiarity, are expected to increase. Priority rule. Concerning the priority rule, similar average gaze and head horizontal eccentricities were found in the three priority rule conditions in the beginning of the intersection approach (100-66 meters): 6°for the gaze and 5°for the head. Then, approaching the intersection, these two dependent variables the gaze and head horizontal eccentricities seem to increase in the Give-way and Stop conditions, without any dierence between these two conditions, whereas they do not change in the Priority condition.

Larger horizontal eccentricities in the Give-way than in the Priority conditions is consistent with our predictions. More visual exploration is needed, because the lateral information value is higher in the Give-way condition.

An interaction was found with the road section factor: there is an increase in gaze eccentricity in the Give-way condition between the rst (100-66 meters) and the last road section (last 33 meters) while gaze eccentricity only increases between the second and last section in the Stop condition.

In a previous work in a similar situation of intersection approach in a driving simulator [START_REF] Lemonnier | Discriminating cognitive processes with eye movements in a decision-making driving task[END_REF], the presence of a second task of decisionmaking was speculated to come into play once the decision to stop had been taken: deciding when to restart. The gaze horizontal eccentricity during the last section in the Stop condition is consistent with this additional decision-making process, which may explain the increased search for visual information from the lateral branches near the intersection. The decision would therefore not occur during the rst (100 -66 meters) but during the second (66 -33 meters) section, and would be followed by an anticipation process, as proposed by [START_REF] Lemonnier | Discriminating cognitive processes with eye movements in a decision-making driving task[END_REF].

Expected trac density. The expected trac density is a factor of interest that was built a posteriori. The only dierences observed between the two trac conditions were at Give-way intersections. The gaze horizontal eccentricity was higher with a Lower than with a Higher expected trac; this stands for the 66-33 meters road section only.

During this study, participants systematically decided to stopped at Giveway intersection. It can be assumed that this decision was more dicult to take when the situation was more ambiguous, that is, when the participant was in a situation where he could have considered passing. With a Lower expected trac density, the decision to stop was probably more dicult to make. Conversely, when the expected trac density was Higher, the decision to stop was more obvious.

We have seen that the decision-making task to stop or not at an intersection can be categorized as a tactical task, in the sense of [START_REF] Michon | A critical view of driver behavior models. What do we know, what should we do[END_REF], and that it is performed in parallel with the ongoing operational task of controlling the vehicle. Thus, we can rephrase the absence of any eect in the Higher expected trac density condition as a disinvestment from the tactical task in favor of the operational task. This explanation is consistent with our observations, where the dierence between Lower and Higher trac appears on the one hand, with a decrease of the gaze horizontal eccentricity in the Higher condition along road sections, which can be interpreted as focusing on the information relevant to the operational task; and on the other hand, with the increase in the gaze horizontal eccentricity in the Lower trac condition when approaching the intersection, which can be interpreted as an increase of information collection relevant to the decision-making task.

In short, at 100-66 meters, the visual exploration appears to be minimal under all three priority rule conditions. At 66-33 meters, it remains close to this baseline in the Priority and Stop conditions, and begins to increase in the Give-way condition with the need to make the decision to stop or not.

The mean horizontal eccentricity is more important with Lower trac. In the last 33 meters, the need for information from the lateral branches is also due to the anticipation of the next decision, when to restart, as well as in the Stop condition. In the Priority condition, the information on the lateral branches of the intersection only weakly contributes to the decision to stop or not, the value of this information is near the baseline. The expected trac density only has an inuence when it modulates the decision-making, so when the decision is the hardest to take, in the Give-way condition 66-33 meters from the intersection.

In a previous driving simulator study [START_REF] Lemonnier | Discriminating cognitive processes with eye movements in a decision-making driving task[END_REF], the decision to stop or not was made on average 60 meters before the intersection [START_REF] Svenson | Dierentiation and consolidation theory of human decision making: A frame of reference for the study of pre-and post-decision processes[END_REF][START_REF] Quétard | Dierential eects of visual uncertainty and contextual guidance on perceptual decisions: Evidence from eye and mouse tracking in visual search[END_REF]. This distance seemed to correspond to the time when the information collected was sucient to make the decision regardless of the priority rule. Indeed, 60 meters is the minimum distance of comfort to stop at an average speed of around 90 km/h. Our results in this eld study are consistent with these previous observations as the Give-way decision occurs during the 66-33 meters road section. It would have been interesting to describe more precisely the driver's positions with respect to the intersection, to estimate if this critical zone is precisely at 60 meters. One of the dierences between simulator and real-life experience here is the poor visual environment in the simulator, and more data is needed to understand whether this critical area is determined by the amount of visual information available or by the motor constraints of the task.

Familiarity

The familiarity was only considered in the Give-way conditions. With respect to gaze, higher horizontal eccentricities were found during the First than during the Second passage at 66-33 meters (no dierence was found in the other two road sections). Then, it seems that the familiarity increased between the First and the Second passage with a behavioral eect between 66 and 33 meters. It might be less demanding to activate a mental map of the environment than to conduct an active search for information [START_REF] Martens | Stimuli xation and manual response as a function of expectancies[END_REF]. Thus, during the Second passage, we can postulate the activation of such a mental map by the drivers, at least in the most critical road section in terms of decision-making and information gathering.

During the First passage, higher head horizontal eccentricity were found at 33-0 meters than at 100-66 meters. During the Second passage, a dierence was found between 66-33 meters and 33-0 meters, but not between 100-66 meters and 66-33 meters. It might be that the active search for visual information related to the decision-making task starts later when the driver is even slightly familiar with the environment. Another hypothesis is that the information initially collected during the intersection approach will not be used directly for decision-making, but will provide a rst impression of the environment in order to prepare the information gathering for this decision making.

The variability of the gaze horizontal eccentricity was more important during the First (SD = 3.71°) than during the Second (SD = 1.60°) passage. This is consistent with the results from [START_REF] Martens | Does road familiarity change eye xations? A comparaison between watching a video and real driving[END_REF], where the standard error also decreases with the number of passages. [START_REF] Martens | Does road familiarity change eye xations? A comparaison between watching a video and real driving[END_REF] have analyzed the xation duration and the number of xations in predened areas containing information (e.g., signs, markings, etc.) to study the learning eect. They found a decrease in the duration and frequency of xations in these predened zones with learning. Our results are in agreement with their study, with the dierence that we used mean horizontal eccentricity, not regions of interest (ROIs). In addition, the learning eect in our experiment was already present during the Second passage, while in [START_REF] Martens | Does road familiarity change eye xations? A comparaison between watching a video and real driving[END_REF], participants conducted three consecutive days in a row. It is therefore important to note: 1/ that there is an eect of familiarity as soon as the Second passage, and that this eect is present despite the very important experimental noise and the low number of participants; 2/ that it is conceivable to apprehend the level of information need associated with the decision making task, and therefore the diculty of the task, simply by collecting the gaze horizontal eccentricity, which opens the way to possible applications based on embedded eye tracking systems.

In terms of methodology, the head and gaze horizontal eccentricities are found to be useful behavioral data in real driving situations. They can be easily collected, as more and more vehicles are equipped with oculometric systems, as well as in immersive virtual environments [START_REF] Hu | Sgaze: A data-driven eye-head coordination model for realtime gaze prediction[END_REF]. In addition, they do not require dynamic ROIs to be dened, either a priori or a posteriori. 

Conclusion

The model proposed by [START_REF] Wickens | Attentional models of multitask pilot performance using advanced display 760 technology[END_REF] is a very general model of attention allocation in multi-task situations. It has been validated in several experimental situations, mainly in the lab with driving and ight simulators.

Our study can be seen as a partial eld validation of this general model in a specic situation: the intersection approach. Importantly, the predictions of the model have been validated despite the experimental noise and all the uncontrolled factors that obviously occur in the eld. Thus, the eects of the priority rule, the expected trac density and the familiarity seem particularly robust factors to understand the driver's gaze allocation on the road.

  needed between collecting visual information for the intersection crossing subtask and for vehicle control. Information collection (and gaze allocation) in the lateral branches and on the driver's road should therefore vary according to what each new piece of information will bring to the driver, resulting in alternate gaze allocation. Let's see what factors may modulate the gain associated 55 with each type of visual information.

Figure 2 ,

 2 Figure 2, C) to capture the environment in front of the vehicle. The eye tracking system was managed by a computer placed in the trunk of the vehicle (SST-SG01-B; SilverStone Technology) equipped with two video capture cards, Smart Eye Pro 5.9 software, and SceneRecorder software.

Figure 2 :

 2 Figure 2: Photograph of the instrumented vehicle. A: Cameras to collect gaze information. B: Infra-red lamps. C: Scene cameras.

Figure 3 :

 3 Figure 3: Top view of the route. The red circles indicate the intersections. Their label from A to H corresponds to those presented in Table 1. The GPS coordinates of these intersections are A: 48°27'22.2"N 2°48'04.4"W; B: 48°27'38.2"N 2°48'44.2"W; C: 48°25'14.6"N 2°49'55.5"W; D: 48°25'01.8"N 2°50'29.4"W; E: 48°24'31.0"N 2°50'59.1"W; F: 48°27'30.9"N 2°45'20.8"W; G: 48°27'00.1"N 2°42'00.3"W; H: 48°30'00.8"N 2°45'04.2"W. The red (resp. black) dot indicates the start (end) of the route; the arrows give a general idea of the direction of the circuit. Map taken from Google Maps.

Give

  Way and Stop intersections, because we wanted to have nearly the same number of intersections in each of the two trac classes, both at Give way and Stop intersections. In the Priority condition, the number of vehicles on the intersecting road was too low to have signicant trac data (0.08 vehicles on average on the lateral branches during the approach), and no analysis could be conducted with respect to the trac density factor.Every Stop and Give way intersections were therefore included in one of two classes, labelled as Lower and Higher trac conditions based on the average level of trac. The distribution for this factor was as follows. Four Giveway intersections had Lower trac, with an average of 0.53 vehicle crossing the junction during the approach, and three had Higher trac, with 2.64 vehicles on average. For Stop intersections, there were three Lower trac, with 0.40 vehicle on average, and two Higher trac, with 1.16 vehicle on average. The thresholds for the Lower and Higher expected trac density have been determined for each of the two priority conditions, and are therefore dierent. The analyses with respect to this factor were restricted to Give way and Stop intersections.

  were conducted to study the priority rule (Give way, Stop and Priority) and the position ahead of the intersection (the three road sections). Additional 2×2×3 within-subject repeated measures ANOVAs were conducted in order to study the expected trac density (Lower and Higher), the priority rule (Give way and Stop) and the position (the three road sections). Finally, 2×3 within-subject repeated measures ANOVAs were conducted to study the familiarity (First and Second passage) and the position (the three road sections).The gaze and head horizontal eccentricities were normally distributed. The signicance threshold was set to .05, but in order to be consistent with[START_REF] Johnson | Revised standards for statistical evidence[END_REF] and[START_REF] Benjamin | Redene statistical signicance[END_REF], the values of p are given when p>.001. In each of the upcoming gures presenting the observed results, the error bars represent the Standard Error of the Mean (SEM).

Figure 4 :

 4 Figure 4: Average speed during the intersection approach for each of the three priority rules (Give way, Stop and Priority).

Figure 5 :

 5 Figure5: Horizontal eccentricity of the rst participant's gaze during the approach of three intersections (Stop at intersection A, trial 1; Give way at intersection B, trial 2; Priority at intersection A again, trial 5; see Table1).

Figure 6 :

 6 Figure 6: The absolute value of gaze and head horizontal eccentricity angles (in degrees)

Figure 7 :

 7 Figure 7: Horizontal eccentricity of the gaze (in degree) in the Give-way and Stop conditions, depending on the road section and of the expected trac density.

Figure 8 :

 8 Figure 8: Horizontal eccentricity of the gaze (in degree) in the Give-way conditions according to the road section and the familiarity.

  Indeed, ROIs outside the vehicle change continuously during the drive if they are based on semantic cues (e.g. the road ahead or the "intersected road). Most eye tracking systems lack automatic tools allowing dening dynamic ROIs from semantic cues. It is interesting to note that such simple dependent variables as the head and gaze horizontal eccentricities are relevant to describe some aspect of the visual exploration in relation to these semantic ROIs. It is then possible for embedded applications (driver monitoring, ADAS, autonomous vehicles) to extract these data in increments of a few meters, to analyze them, and to propose a diagnosis of road exploration, almost in real time.

Table 1 :

 1 

	Trials	Intersections	Priority rule	Expected trac	Passage
	1	A	Stop	Lower	/
	2	B	Give way	Lower	First
	3	B	Give way	Lower	Second
	4	A	Stop	Lower	/
	5	A	Priority	/	/
	6	C	Priority	/	/
	7	C	Give way	Higher	First
	8	C	Give way	Higher	Second
	9	D	Give way	Higher	/
	10	E	Stop	Lower	/
	11	D	Priority	/	/
	12	C	Priority	/	/
	13	F	Stop	Higher	/
	14	F	Priority	/	/
	15	G	Give way	Lower	First
	16	G	Give way	Lower	Second
	17	G	Priority	/	/
	18	G	Priority	/	/
	19	H	Stop	Higher	/

The chronological order of the trials (intersection approach) is given in the rst column. Column 2 gives the intersections label from Figure

3

. The priority rule, the expected trac density and (when needed) the crossing order is given in the last column.

Table 2 :

 2 Mean and standard deviation values (in degrees), for the head and gaze horizontal eccentricity, according to the priority rule and the road section.

  .

			Give-way	Stop
	Trac	Road section	Head	Gaze	Head	Gaze
		100-66 m	3.93 (1.35)	7.00 (1.62)	4.42 (2.01)	5.30 (1.57)
	Lower	66-33 m	4.55 (2.54)	10.02 (2.36)	5.25 (1.92)	6.96 (1.46)
		33-0 m	6.46 (1.84)	9.38 (2.78)	8.05 (3.73)	9.74 (4.18)
		100-66 m	5.74 (2.59)	6.82 (2.25)	4.06 (2.51)	7.14 (3.59)
	Higher	66-33 m	4.65 (2.15)	5.93 (3.58)	4.21 (2.38)	8.13 (2.96)
		33-0 m	7.09 (3.21)	10.24 (2.74)	6.63 (2.21)	8.87 (2.52)

Table 3 :

 3 Mean and standard deviation values (in degrees) for the head and gaze horizontal eccentricity, according to the expected trac density and road section.

	Gaze eccentricity. A signicant main eect was found for the road section:
	F (2,26) = 16.13, MSE = 7.89, p < .001, η 2 = 0.554. The priority rule, F (1,13)
	= 2.85, p = 0.115; and the expected trac density, F (1,13) < 1, p = 0.702,

Table 4 :

 4 Mean and standard deviation values (in degrees) for the head and gaze horizontal eccentricity, according to the familiarity and road section.