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ABSTRACT  

1. INTRODUCTION 
Studies that examine the driver’s ability to seamlessly return to the driving task following a period of 

autonomous driving typically look at driving stability or reaction time metrics post-automation to gauge 

the success of a transfer of control from the automated driving suite (ADS) to the driver (e.g., Gold, 

Dambock, Lorenz, & Bengler, 2013; Merat, Jamson, Lai, Daly, & Carsten, 2014). While these metrics 

are undoubtedly related to safe driving and consequently, successful transfer of control, these metrics 

do not fully gauge the driver’s situational awareneess.  Accordingly, Samuel and Fisher (2016, accepted) 

used hazard anticipation as a proxy for situational awareness to better undersstand drivers’ ability to 

resume control of the vehicle following a period of autonomous driving.  These researchers determined 

that after a period of autonomous driving a minimum of 8 seconds was required for drivers  to achieve 

the same level of situational awareness that is typically associated with manual driving.  However, this 

8 second minimum transfer of control alerting time (TOCAT) was derived from a sample of relatively 

inexperienced drivers (18-22 years of age).  Considering that experienced drivers are better at 

anticipating hazards compared to inexperienced drivers (Pradhan, Hammel, DeRamus, Pollatsek, Noyce 

& Fisher, 2005), it is possible that experienced drivers may require less time to achieve situational 

awareness in driving scenarios involving transfer of control from automation. This would increase our 

understanding of how to individualize the TOCAT as well as our understanding of whether hazard 

anticipation is a good proxy for situation awareness.  

2. METHODS 
The current experiment aims to assess whether experienced drivers can achieve full situation awarness 

in less time than inexperienced drivers.  Given that experienced drivers are known to be better at hazard 

anticipation than inexperienced drivers, this finding would provide the validation necessary to continue 

with the use of hazard anticipation as a proxy for a real time measure of situation awareness, something 

that has been difficult to achieve to date.  Full situation awareness is defined as hazard perception 

performance in an automonous driving task (where the driver is glancing for some time away from the 

forward roadway) equal to that of a manual driving task (where the driver is continuously glancing at 

the forward roadway). To examine this hypothesis, 36 drivers between 30-50 years of age are in the 

process of being recruited from the Amherst, MA area to complete a driving simulator experiment with 
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an identical design to that of Samuel and Fisher (accepted).  Specifically, in the current experiment, the 

delay (4s, 6s, 8s, or 12s) between the presentation of an audio warning that the autonommous driving 

task is about to end and the presence of a latent hazard is manipulated between-subjects, and the type of 

latent hazard (vehicle or pedestrian) is manipulated within-subjects.  

All drivers complete four experimental drives each containing a single latent pedestrian scenario and a 

single latent vehicle scenario (8 scenarios total).  Latent scenarios are defined as ones in which a hazard 

is obscured and could potentially materialize (but does not). Twenty-four of the drivers are randomly 

assigned to one of the four alerting time conditions (six to each condition so there are 48 observations 

per condition) where the four drives include instances in which the driver is required to both transfer 

control to the ADS and take-over control from the ADS prior to the presence of a latent hazard.   The 

remaining 12 drivers are assigned to the control condition that contained the same eight scenarios, but 

in typical manual driving mode.  A Realtime Technologies Inc. (RTI) full cab driving simulator is used 

to simulate both the manual driving and autonomous driving scenarios.  For the autonomous drive 

conditions, the RTI simulator package SimDriver is used to simulate autonomous driving.   

Drivers engaged and disengaged the autonomous system through moving the windshield wiper control.  

When the system is engaged, drivers perform a secondary reading task on an iPad.  They are asked to 

continue glancing inside the cabin of the automobile throughout the entire secondary task (while the 

ADS is controlling the vehicle).  At some point an alert is sounded either 4s, 6s, 8s or 12s before a latent 

hazard appears.  At that point the driver is told to return his or her gaze to the forward roadway and 

prepare to take over control.  Eye movements of the drivers are recorded at a sampling rate of 30hz with 

an Applied Sciences Laboratory (ASL) Mobile Eye tracking system.  This record is kept to make sure 

that drivers continue to glance down throughout the secondary task and then glance up on the forward 

roadway as soon as the alert is given. Once the simulator portion of the experiment is complete, drivers 

complete written questionnaires assessing their driving habits and experience. 

3. EXPECTED RESULTS 
Upon completion of data collection, two coders (blinded to the drivers’ experimental condition) will 

determine whether drivers gazed on the latent pedestrian and latent vehicle hazards in each of the eight 

driving scenarios.  This will allow for the comparison between the gaze behavior (i.e., percent of latent 

hazards detected) of the current experienced driver sample and the inexperienced driver sample (from 

Samuel & Fisher, accepted).  To compare the gaze behavior and TOCAT of experienced and 

inexperienced drivers,  the percentage of latent hazards detected for each driver will be entered into an 

analysis of variance (ANOVA) with age (inexperienced or experience) and treatment (4s, 6s, 8s, 12s, or 

manual) as between-subjects factors and latent hazard type (pedestrian and vehicle) as within-subjects 

factors.  Consistent with Samuel and Fisher (accepted), a main effect of treatment is expected to be 

revealed.  Follow-up t-tests are expected to confirm that drivers in the manual driving control condition 

gaze more on latent hazards than drivers in the autonomous vehicle condition, and drivers in the longer 

TOCAT conditions (8s and 12 s) will identify a similar percentage of latent hazards as those drivers in 

the manual driving condition.  Critically, though, a main effect of experience and interaction between 

experience and treatment is expected to be revealed.  That is, it is expected that experienced drivers will 

identify a greater percentage of latent hazards than inexperienced drivers overall (collapsed across 

manual and autonomous driving conditions).  Moreover, the interaction between experience and 

treatment is expected to reveal that experienced drivers require only 6 seconds to achieve the same level 

of situational awareness as their manual driving counterparts—significantly less time than the 8 seconds 

required for the inexperienced drivers.  Results of this study will inform future work that aims to develop 

models that consider both situational and individual difference variables to predict the amount of time 
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necessary for the driver to safely take-over control of the vehicle from the ADS .  The results of the 

study will also help inform the development of more nuanced models of real time situation awareness 

assessment. 
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