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The Impact of Vehicle Automation 
on the Safety of Vulnerable Road 
Users (Pedestrians and Bicyclists)  

 

Forward roadway collision 

warning systems can reduce 

rear-end collisions, among other 

unsafe behaviors. Previous 

studies have shown that young 

drivers fail to scan adequately 

for latent hazards (Insurance 

Institute for Highway Safety, 

2017; Hatfield and Fernandes, 

2009).  

The current study investigated 

how presenting head-up display 

(HUD) alerts at different onset 

latencies influenced the hazard 

anticipation, hazard mitigation, 

and attention maintenance 

behaviors of young drivers 

across two latent hazard types 

(pedestrians and vehicles).  

This experiment examined the 

latent hazard anticipation 

behavior of 48 young drivers 

aged 18-25 across eight unique 

scenarios both in the presence 

and the absence of visual 

collision warning alerts. 

The participants’ hazard 

anticipation, hazard mitigation, 

and attention maintenance 

behaviors were evaluated on a 

driving simulator. An eye 

tracker was used throughout 

to gather eye behaviors; 

vehicle behaviors were 

automatically recorded by the 

driving simulator. The control 

group received no warning 

information about the 

potential latent threat. The 

three experimental groups 

received the warning 

information about the 

potential latent threat either 2 

s, 3 s, or 4 s before the latent 

hazard. 

The results indicate that 

appropriately timed HUD alerts 

can improve the latent hazard 

anticipation ability of young 

drivers in the presence of 

potential threats such as 

vehicles and pedestrians. 

 

 

A sample of the HUD warning 

alert. 

 

 

 

 

The placement of the alert on 

the windshield as the driver 

navigates a scenario with a 

latent threat. 
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Drivers who received HUD alerts 

anticipated a greater proportion 

of latent pedestrian and vehicle 

hazards compared to drivers 

who navigated the same 

scenarios without any warning 

message presented to them. 

Drivers who received the 

warnings were significantly more 

likely to glance at the potential 

hazard compared to the control 

group. There were no significant 

differences between the 2 s, 3 s, 

and 4 s warnings with respect to 

hazard anticipation. 

In terms of hazard mitigation 

behavior, the velocity profile 

analysis shows that for 

pedestrian hazards, the 3 s and 4 

s warning groups adopted a 

significantly slower speed after 

the warning was presented to 

them than did the control group. 

The velocity profile for the 2 s 

warning group was not 

significantly different from the 

control group. However, when 

the potential hazards are 

vehicles, the 2 s, 3 s, and 4 s 

warnings are all ineffective in 

terms of improving hazard 

mitigation behavior.  

In summary, the results of this 

study illustrate the effectiveness 

of HUD alerts on drivers’ hazard 

anticipation and hazard 

mitigation behaviors as well as 

the fact that the alerts do not 

seem to distract the driver. This 

information is critical for 

designing Advanced Driver 

Assistance Systems (ADAS) 

systems.  
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Overall hazard anticipation rate 
in each of the groups. 
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Velocity vs. Time When Approaching and Passing the Hazard for Each 
the Four Groups (Scenario 4, a pedestrian scenario). (The 0 value 
represents the time when drivers arrive at the hazard, negative values 
represent the time upstream of the hazard and positive values 
represent the time downstream of the hazard.) 
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