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Abstract 

Technology advancements in the past two decades have made the human-vehicle 

connection stronger than ever. Since 2009 there has been a boom in the development of 

autonomous vehicles (AVs) as an increasing number of manufacturers have begun to 

see immense potential in this area of artificial intelligence (AI). While the private sector is 

racing forward with the development of autonomous features, there is a need to 

understand how the human driver will interface with these features before Level 5 

automation is finally achieved. This study sought to explore how distractions during 

automated driving impacted hazard anticipation upon re-taking control. 

Twenty-one participants drove in a simulated environment across eight different 

scenarios to compare how four different in-vehicle tasks that were performed during 

automated driving affected hazard anticipation after re-taking manual control of the 

vehicle. An alert of a potential hazard was provided to drivers 6 seconds in advance of 

the hazard materializing, and the participants were instructed to disengage automation 

and take back control of the vehicle. The visual and audible tasks elicited a much higher 

workload than the control group, as captured by the NASA-TLX questionnaire, and 

drivers who performed the visual task spent, on average, 30 more seconds glancing 

away from the road during automated driving. Despite all this, there was no statistically 

significant difference in the hazard anticipation between the groups who performed an 

in-vehicle task and the control groups, suggesting that a 6-second warning time is 

sufficient for drivers to regain spatial awareness after a period of automated driving. 

ix 



 

 

 

   

  

 

   

      

  

  

 

  

   

  

     

   

  

 

    

  

      

   

  

   

   

      

  

 

  

Minimum Time to Situational Awareness During Transfer of Control Under Varying Levels of Task Load 1 

1 Introduction 

Technology advancements in the previous two decades have made the human-

vehicle connection stronger than ever. Since 2009, there has been a rapid development 

of advanced driver assistance systems (ADAS) as an increasing number of 

manufacturers have explored the immense potential in this area of AI. While the private 

sector continues to race forward with the development of autonomous features, there 

exists a need understand how human drivers will interface with these features before 

Level 5 automation can be achieved [1]. 

With an increasing number of manufacturers for semi-automated vehicles, several 

new features are being added. However, these technologies are not perfect and still 

require driver attention at various moments to take over control. Samuel et al. found that 

the minimal ideal time for transfer of control from autonomous driving to manual driving 

was 8 seconds before a potential hazard scenario [2]. This meant that a driver would 

require a minimum of 8 seconds to be brought back into the loop and regain the amount 

of necessary situational awareness to navigate the car to safety. Samuel et al. in their 

study used a single in-vehicle task for all five treatment conditions. 

Dogan et al. found that drivers try and anticipate a cue or alert from automated 

vehicles and that this could influence the monitoring behavior of drivers [3]. The 

experiment was conducted on a simulator which had traffic jam assist that controlled 

latitudinal and longitudinal movement of the vehicle. This study did not consider the 

three distinct time to situational awareness time barriers we have built into our 

experiment. Dogan et al. [4] discussed a similar situation as [3], which showed that 

anticipatory behavior was found in drivers in scenarios where the traffic assistance failed 

leading to loss of trust in the automation feature. In case of no such failure, acceptance 

of the traffic assist was clearly observed among the drivers. 
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Across 32 studies, De Winter et al. found that a driver in manual condition would feel 

an elevated level of workload as compared to a driver in a car with adaptive cruise 

control (ACC, controlled longitudinal movement) or highly automated driving (HAD, 

controls latitudinal and longitudinal movement) [5]. The data was found using a NASA 

TLX questionnaire which was given post study. They also found that drivers in ACC and 

HAD had reduced levels of situational awareness when performing a secondary task as 

compared to manual condition. We also used the NASA TLX index in our experiment to 

measure the workload on drivers and the impact on their situational awareness. 

It remains difficult to generalize distraction, and hence having just one type of 

distraction is not completely representative of the various types of cognitive distraction 

that drivers experience today. In particular, we are interested in determining how 

situational awareness would be impacted under varying task loads. 

1.1 Research Objectives and Hypotheses 

This study seeks to examine whether the minimum transfer of control time found in 

previous literature is sufficient while the driver is partaking in potentially distracting, non-

driving tasks. The results from this study could provide significant information into which 

issues can be further identified to make the implementation of automated driving 

features a safe and seamless experience for future generations. The authors 

hypothesized that the impacts of this project may be seen across all spectrums of users 

and manufacturers, in that vehicle manufacturers could take the findings from this 

experiment and add an alert system or provide cues to the driver as early as possible so 

that a distracted driver could be introduced back into the loop in enough time to avoid a 

collision. Overall, the research question is as follows: Does the presence of a distracting, 

non-driving task diminish a driver’s ability to take back control of the vehicle in a timely 

fashion and quickly perceive potential hazards? 
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1.2 Scope 

In an effort to measure the efficacy of these research objectives, this study was 

designed to evaluate the various task load on drivers while using vehicle automation. 

This research study focused on three main tasks: an active visual task, a passive visual 

task, and an active auditory task. These in-vehicle tasks were compared against a 

control scenario which lacked an in-vehicle task for drivers. The outcome measures 

were the workload placed upon the driver, their time spent glancing off the road, and 

their hazard perception shortly after re-taking control of the vehicle. 

1.3 Report Structure 

Chapter 2 outlines the methodology for the simulator study, as well as the specific 

questionnaires and analytical procedures adapted for this study. Chapter 3 summarizes 

the results of the driving simulator study and provides a discussion into the driver 

behavior evaluated in the various task-driven transfer of control simulator scenarios. 

Lastly, Chapter 4 outlines the conclusions of the study and provides recommendations 

for future adaptions of this research. 
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2 Methods 

2.1 Participants 

The use of human participants in the study was approved by the University of 

Massachusetts Amherst’s Institutional Review Board. All participants had valid U.S. 

driver’s licenses and were prescreened for any symptoms of motion sickness to prevent 

instances of simulator sickness. Minors and pregnant women were excluded from the 

study. The participants were not prescreened for any prior experience driving on the 

driving simulator. 

Participants were recruited from the UMass Amherst campus via flyers and list servs. 

The average age of participants was intentionally low (20.6 years) as younger drivers 

are most susceptible to distracting in-vehicle behaviors [6, 7, 8, 9]. Additionally, younger 

drivers may have higher trust in automation, due to growing up with technology, and thus 

may be more willing to perform non-driving tasks when the vehicle is in automated 

mode. More so, just under half of the participants admitted to “texting and driving” within 

3 months to participating in the study. 

Table 2.1 - Participant demographics 

Participant
Sex 

# Number w/
prior Simulator
Experience 

Average Age Avg 
Driving
History 

Male 14 7 20.4 3.6 years 

Female 7 4 20.9 4.4 years 

Total 21 11 20.6 3.9 years 
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2.2 Apparatus 

A fixed-base full-cab driving simulator running Realtime Technologies (RTI) 

SimCreator was utilized in this study, located in the Arbella Insurance Human 

Performance Laboratory at the University of Massachusetts Amherst. The simulator 

consists of a vehicle cab and five screens with 330-degree field of view, two dynamic 

side-mirrors, and a rearview mirror. The front facing screens are presented in Figure 2.1 

with an additional rear screen that present the view behind the driver. 

Figure 2.1 - Driving simulator at UMass Amherst 

The ASL Mobile Eye is an ultra-lightweight and portable head mounted eye tracking 

system and was used to monitor and record the eye movements of the driver. The eye 

tracker records the position of the eye point of gaze at 30 Hz. The eye tracker has a 

visual angle range of 50 degrees in the horizontal direction and 40 degrees in the 

vertical direction. The system’s accuracy is 0.5 degrees of visual angle. 

2.3 Scenarios and Experimental Design 

The experiment was designed as a within-subject experiment with the independent 

variable being the in-vehicle tasks. There were four different tasks (Table 2.2), with each 
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participant partaking in each task twice in their eight experimental drives. The 

participants were instructed to engage the automation, perform their task, and then 

alerted to disengage the automation, which occurred alongside a hazard warning (Figure 

2.2) 6 seconds before the hazard materialized. It was after this disengagement of the 

automation that latent hazards were present. There were eight different hazard 

scenarios that were developed, as described Table 2.3, to assess the impact of task 

load on latent hazard anticipation. 

Table 2.2 - Task labels and descriptions 

# Task Label Description 

1 Active – Visual Task Playing solitaire on iPad 

2 Passive – Visual Task Reading on an iPad 

3 Active – Auditory Task Mock cell phone task 

4 No Task Control 

Table 2.3 - Scenario and hazard descriptions 

Scenario 
# 

Hazard description 

1 

• Driver is traveling at ~35 mph on a one-lane undivided surface street. 
• Driver approaches a mid-block crosswalk with vegetation on both 

sides. A stationary pedestrian is present on the right but obscured by 
vegetation. 

• The hazard alert is provided to the driver 6 seconds before driver 
reaches the crosswalk – approximately 90 meters before the 
crosswalk. 

2 

• Driver is traveling at ~35 mph in the right travel lane on a two-lane 
road. 

• Approximately 150 meters ahead, a parked car pulls into the right 
travel lane with their left turn signal on and comes to an abrupt stop. 

• The hazard alert is provided to the driver 6 seconds before the 
stopped car – approximately 90 meters away from it. 

3 • Driver is traveling at ~35 mph on a two-lane divided highway. 
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• At a curved section on the roadway, a truck is parked on the side of 
the road. A pedestrian is standing in front of the truck but is obscured 
due to the road geometry and presence of the truck. 

• The hazard alert is provided to the driver 6 seconds before reaching 
the truck – approximately 90 meters from the rear of the truck. 

4 

• The driver is traveling at ~35 mph on a four-lane roadway (with two 
travel lanes in either direction), when approaching a stop sign 
controlled four-way intersection. 

• The hazard alert is provided to the driver 6 seconds before reaching 
the intersection – approximately 90 meters before reaching the 
intersection. 

5 

• Driver is traveling at ~35 mph on a four-lane undivided roadway (with 
two travel lanes in either direction). 

• A pedestrian crosswalk whose left side is obscured by a stopped truck 
in the left lane in the drivers’ direction. 

• The hazard alert is provided to the driver 6 seconds before reaching 
the pedestrian crosswalk – approximately 90 meters before the 
crosswalk. 

6 
• Driver approaches a roundabout at ~35 mph. 
• The hazard alert is provided to the driver 6 seconds prior to reaching 

the roundabout – approximately 90 meters before the roundabout. 

7 

• Driver is traveling at ~35 mph on a divided highway with two travel 
lanes. 

• A construction zone on the right shoulder partially encroaches into the 
right travel lane. 

• The hazard alert is provided to the driver 6 seconds before the 
reaching the construction zone – approximately 90 meters before 
reaching the start of the construction zone. 

8 

• Driver is traveling at ~35 mph on a four-lane undivided roadway (with 
two travels lanes in either direction). 

• There are parked vehicles on the right side of the road, and a car is 
flashing their left turn signal to pull out into the right travel lane. 

• The hazard alert is provided to the driver 6 seconds before reaching 
the parked vehicles – approximately 90 meters before the first parked 
vehicle. 
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Figure 2.2 - Visual schematics of the eight hazard scenarios 

2.4 Procedures 

With the expectation of conducting a transfer of control between vehicle automation 

and manual driving, participants were prepared to conduct under both circumstances. 
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Participants were given alerts to engage the automation and alerts to disengage the 

automation, both controlled by scripted software algorithms. Upon entering the simulator 

vehicle, all participants were provided a practice drive to familiarize themselves with the 

vehicle interface, followed by a counterbalanced presentation of eight experimental 

scenarios. At the end of each experimental scenario, participants were asked to 

complete the NASA-TLX questionnaire, as explained in the following sections. 

2.4.1 Demographic and SSQ Questionnaire 

All participants were required to provide informed consent (Appendix A) and 

complete a brief demographic questionnaire at the beginning of the session, which 

captured their age, sex, driving history, and past texting. In addition, participants were 

asked to complete a brief simulator sickness questionnaire that assessed their potential 

outcome of simulator sickness symptoms (Appendix B). 

2.4.2 NASA-TLX Questionnaire 

The NASA task load index (TLX) was utilized in this study to assess the workload of 

each participants’ experience during each experimental drive in the simulator. It was 

administered via an iPad after every drive for all of the participants in this study. The TLX 

questionnaire provided an array of subjective questions (as provided in Appendix C) that 

resulted in an overall weighted score of “workload.” The questionnaire measured their 

mental, physical, and temporal demand, along with their performance, effort, and 

frustration. The six levels of workload ratings were developed to holistically evaluate the 

workload, while reducing the variability across all of the participants [10]. While a variety 

of other subjective workload assessments have been established in recent literature, the 

NASA TLX questionnaire was ultimately selected due to its favorability among subjects, 

as described in previous literature [11]. More so, the TLX has been utilized in several 
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related fields of human factors research, and have reliably assessed driver performance 

against potential stress, situational awareness, and fatigue impacts [12, 13, 14]. 

2.5 Eye-Tracking Scoring 

As previously mentioned, the ASL Mobile Eye tracker was used to measure the 

glance behavior of each participant throughout their experimental drives. Once the eye 

tracker videos were compiled, they were individually extracted and filed according to 

their respective participant ID number assigned by the researchers. 

The videos were then imported into the BORIS video editing software, with several 

keyboard shortcuts created by the researchers in an effort to expedite the video scoring 

process. Each of the research scorers were instructed to watch the eye tracker videos 

from each participant, specifically marking the following points: 

 Alert to Engage 

o The Alert to Engage was marked as the point in which a yellow dialog box 

appeared on the screen with the text “start task now,” as well as an audio 

command that said, “transfer control now.” 

 Engagement 

o The Engagement was marked when the driver actively transferred the 

simulator vehicle into automation, via a switch on the steering wheel. 

 Off-Road Glance 

o The Off-Road Glances were individually marked each time the participant 

took their eyes off of the roadway (e.g., looking at the sky, buildings, inside 

the cab, etc.), only while they were engaged in vehicle automation. 

 Alert to Disengage 
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o The Alert to Disengage was marked as the point in which an audio command 

stated “takeover control now” while the participants were simultaneously 

presented with a graphic of the upcoming hazard (Figure 2.3). 

 Disengagement 

o The Disengagement was marked when the driver actively transferred the 

vehicle back to manual control, via a switch on the steering wheel. 

 Hazard Detected 

o The Hazard Detected was marked as a binary variable, particularly when the 

participants glanced at the approaching hazard. 

Figure 2.3 - Screenshot from the eye-tracking video showing hazard alert 

Two researchers independently scored each video, with the mean values being 

taken. Before conducting the analysis, the intra-class correlation (ICC) was calculated 

between the two scorers to determine the interrater reliability. For total off-road glance 
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duration during automated driving mode, the ICC was calculated as 0.99, which 

indicates high agreement in the two scores and gives confidence in the results. 

However, the ICC for the transfer of control time was calculated as less than 0.50, which 

indicates little to no agreement in the two scorer’s values. Due to this low score, the 

transfer of control times were not considered further in our analyses. 
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3 Results and Discussion 

The following sections discuss the results from the driving simulator study, including 

the driver workload analysis conducted from the NASA-TLX questionnaire, and the 

driver glance behavior from the eye-tracker analysis. 

3.1 Driver Workload 

The NASA-TLX questionnaire was administered after every drive to assess the 

workload placed on the driver as a result of the in-vehicle task. The full results are 

shown in Figure 3.1 and summarized in Table 3.1. The audible task had higher scores in 

five of the six categories as statistically compared to the no task group, meaning the 

audible task placed the highest workload on the driver. The solitaire task had higher 

scores in four of the six categories, and the reading task had higher scores than the 

control in three of the six. 

Interestingly, the audible task had a significantly higher mental and temporal 

demand, along with effort and frustration, on the participant’s workload as compared to 

the active task. From this, we could conclude that a cell phone conversation could be 

more mentally distracting than a touch-centric task such as texting. 
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Figure 3.1 NASA-TLX scores for the four in-vehicle tasks 

Table 3.1 Mean NASA-TLX scores by in-vehicle task 

Metric 
Mean (St. Dev.) 

Active Task Visual Task Audible Task No Task 

Mental 
Demand 

54.5* (24.8) 65.5* (21.7) 70.9* (21.8) 29.4 (24.3) 

Physical 
Demand 

41.7* (26.9) 28.8 (24.3) 37.8 (25.7) 26.8 (22.2) 

Temporal 
Demand 

35.9 (21.3) 45.2* (23.7) 59.2* (27.0) 27.2 (22.9) 

Performance 45.0* (25.6) 40.9 (25.7) 48.4* (24.1) 29.0 (23.1) 

Effort 50.9* (21.2) 51.7* (23.9) 64.9* (21.6) 30.2 (24.2) 

Frustration 22.2 (20.6) 28.7 (25.1) 36.6* (28.3) 18.0 (19.6) 

(*) indicated statistically significant difference compared to no-task scenarios 
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3.2 Off-Road Glances During Automated Driving 

As shown below in Table 3.2, participants who performed the active and passive 

visual task spent the most amount of time, on average, glancing off the road during the 

automated driving mode with a mean off road glance time of 51.2 and 47.8 seconds, 

respectively. 

By contrast, the mean off road glance time was much lower for the active auditory 

task (mock cell phone conversation) and the control (no task) groups, with mean off road 

glance times of 16.2 and 11.5 seconds, respectively. 

Table 3.2 - Mean off road glance time by in-vehicle task 

Task Label Description Mean Off Road Glance 
Time (sec) 

Active – Visual Task Playing solitaire on iPad 51.2 

Passive – Visual Task Reading on an iPad 47.8 

Active – Auditory Task Mock cell phone task 16.2 

No Task Control 11.5 

3.3 Hazard Anticipation 

Despite drivers in the visual task groups spending more time glancing off the road 

during the automated driving mode and requiring more mental and temporal demand 

and effort, there was no significant difference in their perception of the latent hazards as 

compared to the control group, as shown in Figure 3.2. 

The audible task, despite eliciting a much higher workload than the control, also did 

not have a significant effect on hazard anticipation. These findings suggest that the 6-

second alert was sufficient for the driver to re-engage with the driving environment, 

become spatially aware, and detect potential hazards. 
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Figure 3.2 - Hazard anticipation by in-vehicle task type 
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4 Conclusions and Recommendations 

Twenty-one participants drove in a simulated environment across eight different 

scenarios to compare how four different in-vehicle tasks that were performed during 

automated driving affected hazard anticipation after re-taking manual control of the 

vehicle. An alert of a potential hazard was provided to drivers 6 seconds in advance of 

the hazard materializing, and the participants were instructed to disengage automation 

and take back control of the vehicle. 

The visual and audible tasks elicited a much higher workload than the control group, 

as captured by the NASA-TLX questionnaire, and drivers who performed the visual task 

spent, on average, 30 more seconds glancing away from the road during automated 

driving. Despite all this, there was no statistically significant difference in the hazard 

anticipation between the groups who performed an in-vehicle task and the control 

groups. In fact, drivers who performed in-vehicle tasks during the automated driving 

perceived more hazards than the control group, suggesting that the in-vehicle task may 

have kept them more mentally engaged. However, this difference was not statistically 

significant, and a larger sample of participants would be required to explore the 

interaction further. 

The findings of this study suggest that a 6-second warning time is sufficient for 

drivers to re-take control of the vehicle and become spatially aware, even after being 

previously distracted by an in-vehicle task. However, this study provided a specific alert 

as to the upcoming hazard. Future studies should explore if this same finding is true 

without the specific alert and if drivers can quickly become re-engaged with the driving 

environment after previously being distracted. 
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Appendix A: Participant Informed Consent Form 
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Appendix B: Participant Questionnaires 
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Appendix C: Sample NASA TLX Questionnaire 
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