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Introduction
Traffic accidents are a major public health concern with 1.2 million fatalities occurring every year and with
millions more individuals getting injured [1]. More than 90% of the accidents are, at least partially, caused by the
driver [2]. Figure 1 shows the overrepresentation of younger and older drivers among these crashes. The
overrepresentation of younger drivers [1] can be explained by an increased willingness to take risk, poor
anticipation of hazards, and insufficiently learned lateral and longitudinal vehicle control [3]. Figure 1 also
shows the overrepresentation of elderly drivers which is caused by decline of cognitive and physical abilities [4]
such as visual impairment (e.g., glaucoma).
Generic predictors of crash risk exist (e.g., age, gender). However, detailed knowledge about how drivers control
their vehicle and combine various subtasks related to driving does not exist. Combining the visual scanning,
vehicle control and decision making tasks makes the driving task complex. Drivers not only control the vehicle
but also anticipate oncoming events (e.g., hazards, traffic) and combine the driving task with other tasks
(navigating, cell phone use). Driving is predominantly a visual task [6] and individual differences in visual
scanning behavior are found as a function of increasing driving experience [7], visual impairment [8] and
environmental complexities [9]. For example, novice drivers have less visual attention to latent hazards
compared to experienced drivers [10] and show visual scanning strategies that rely less on top down mechanisms
of visual attention [11].

Fatal crashes per driver 100,000 miles

In our research, we aim to distinguish safe from unsafe drivers based on their visual scanning behavior. In this
paper we will demonstrate two examples of visual scanning behaviors: (a) when using an in-vehicle system and
(b) when performing a highway driving task, both in a driving simulator. Using these results the differences of
drivers visual scanning in (multitask) driving and the applicability of non-intrusive eye tracker hardware in
driver behavior research will be demonstrated.
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Figure 1. Fatal accident involvement per driver 100,000 miles as a function of age [5].
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Methods
The driving simulator used in these studies is the Green Dino [12] driving simulator which is used for initial
driver training in the Netherlands. This medium fidelity, fixed-base driving simulator provides a 180 degree
horizontal field of view. A high field of view increases perceptual fidelity and is assumed to result in more
realistic scanning behavior. The simulator controls were based on controls from a real car and steering feel was
passively calibrated with respect to on-road vehicles [13]. This driving simulator has previously been used for
research of training and assessment of student drivers [14]. Head motion and gaze direction was measured in
both studies with a remote mounted eye-tracker system using infrared illumination. Cameras were mounted
outside of the visual scenery in the driving simulator and calibration took place for each individual participant.

Results
The visual scanning of novice drivers using a concurrent lane position feedback system [15] is shown in figure 2.
This feedback system allowed learner drivers to improve their lane keeping performance by using the feedback
on their momentary lateral position error presented on their vehicle dashboard. The figure shows how drivers
directed their gaze at the feedback area for longer periods of time.
In figure 3 the difference in visual scanning patterns are shown for two inexperienced drivers during a trafficfree highway driving task. One driver showed a small variance in horizontal fixations, with most fixations aimed
at the roadway. A second driver showed large horizontal variance in fixations and shorter fixation times
indicative of increased visual scanning of the roadway and its surroundings.

Figure 2. Raw gaze data for a rural road driving task. Gaze is mainly directed to the road ahead and the swirls left and right
indicate looking into corners. Gaze pattern of a novice driver showing extensive use of an in-vehicle system (right).

Figure 3. Visualization of fixations during a highway driving task, fixation duration is indicated by the dot size. Fixation
pattern of two inexperienced drivers showing differences in visual scanning.
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Discussion
Using driving simulators and high-end eye-tracking hardware, we have shown to be able to discriminate the
differences in visual attention while using an in-vehicle system and the different fixation patterns of drivers
performing the same task, showing the variability between drivers. In future work we will relate driving
simulator measures of both the vehicle (e.g., lane position) and driver performance (e.g., steering activity) with
gaze direction based metrics (e.g., fixation patterns) and measures of driver workload (e.g., heart rate
variability). With these relations we aim to distinguish safe drivers from unsafe drivers and apply this knowledge
in driver support systems, driver training and assessment.

Acknowledgements
This work was funded by the Dutch Ministry of Economic affairs through the High Tech Automotive Systems
(HTAS) program, grant no. HTASI09004–E!5395 of the Driver Observation in Car Simulators project. The
research of Joost de Winter is supported by the Dutch Technology Foundation (Stichting voor de Technische
Wetenschappen, STW), the Applied Science Division of the Netherlands Organization for Scientific Research
(Nederlandse Organisatie voor Wetenschappelijk Onderzoek, NWO) and the Technology Program of the
Ministry of Economic Affairs.

References
1.

Williams, A. F. (2006). Young driver risk factors: Successful and unsuccessful approaches for dealing
with them and an agenda for the future. Injury Prevention 12, i4-i8.

2.

Smiley, A. & Brookhuis, K. A. (1987). Alcohol, drugs and traffic safety. In J. A. Rothengatter & R. A.
de Bruin (eds) Road users and traffic safety (Assen: Van Gorcum), 83-105.

3.

Lee, J. D. (2007). Technology and teen drivers. Journal of Safety Research 38, 203-213.

4.

Stelmach, G. E., & Nahom, A. (1992). Cognitive-motor abilities of the elderly driver. Human Factors
34, 53-65.

5.

Janke, M. K., Masten, S. V., McKenzie, D. M., Gebers, M. A., & Kelsey, S.L. (2003). Teen and senior
drivers (Report No. 194). Sacramento, CA: California Department of Motor Vehicles

6.

Sivak, M. (1996). The information that drivers use: is it indeed 90% visual? Perception 25, 1081-1089

7.

Underwood, G. (2007). Visual attention and the transition from novice to advanced driver. Ergonomics
50, 1235-1249

8.

Medeiros, F. A., Weinreb, R. N., Boer, E. R. & Rosen, P. N. (in press). Driving simulation as a
performance-based test of visual impairment in glaucoma. Glaucoma.

9.

Crundall, D. E. & Underwood, G. (1998). Effects of experience and processing demands on visual
information acquisition in drivers. Ergonomics 41, 448-458

10. Pradhan, A. K., Hammel, K. R., DeRamus, R., Pollatsek, A., Noyce, D. A., & Fisher, D. L. (2005). The
use of eye movements to evaluate the effects of driver age on risk perception in an advanced driving
simulator. Human Factors 47, 840-852.
11. Vlakveld, W. P. (2011). Hazard anticipation of young novice drivers : assessing and enhancing the
capabilities of young novice drivers to anticipate latent hazards in road and traffic situations (Doctoral
dissertation). University of Groningen, the Netherlands.
12. Green Dino. (2012). Retrieved March 27, 2012, from http://www.greendino.nl/.

42

Proceedings of Measuring Behavior 2012 (Utrecht, The Netherlands, August 28-31, 2012)
Eds. A.J. Spink, F. Grieco, O.E. Krips, L.W.S. Loijens, L.P.J.J. Noldus, and P.H. Zimmerman

13. Katzourakis, D., De Winter, J. C. F., De Groot, S., & Happee, R. (in press). Driving simulator
parameterization using double-lane change steering metrics as recorded on five modern cars. Simulation
Modelling Practice and Theory.
14. De Winter, J. C. F., De Groot, S., Mulder, M., Wieringa, P. A., Dankelman, J., & Mulder, J. A. (2009).
Relationships between driving simulator performance and driving test results. Ergonomics 52, 137-153
15. Van Leeuwen, P. M., De Groot, S, Happee, R, De Winter, J. C. F. (2011). Effects of concurrent
continuous visual feedback on learning the lane keeping task. Proceedings of the Sixth International
Driving Symposium on Human Factors in Driver Assessment, Training and Vehicle Design, 482-488.
Retrieved from:
http://drivingassessment.uiowa.edu/sites/default/files/DA2011/Papers/070_vanLeeuwendeGroot.pdf

Proceedings of Measuring Behavior 2012 (Utrecht, The Netherlands, August 28-31, 2012)
Eds. A.J. Spink, F. Grieco, O.E. Krips, L.W.S. Loijens, L.P.J.J. Noldus, and P.H. Zimmerman

43

