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Project Narrative 
 
 
Introduction 
 
The current state of the art in autonomous vehicles is partial autonomy, and to optimize the use 
of these vehicles, it is essential to understand the interactions between the vehicles and their 
operators. Partially autonomous vehicles require operators to perform parts of the driving task 
and to be alert and ready to take over full control of the vehicle at any point. Due to the 
requirements on the human operator, it is necessary to know how the operators' abilities are 
impacted by the amount of autonomy present in the system. There are known effects of 
autonomous systems on performance, cognitive load, and situation awareness, but little is 
known about how these effects change in relation to distinct, increasing autonomy levels. It is 
also necessary to consider these abilities with the addition of secondary tasks due to the appeal 
of using autonomous systems for multitasking. 
 
The goal of this research is to use a web-based virtual reality study to model operator situation 
awareness, cognitive load, driving performance, and secondary task performance as a function 
of distinct, increasing levels of partial vehicle autonomy with both a constant and a steadily 
increasing rate of secondary tasks.  
 
Results 
 
A total of 180 participants were recruited using Amazon Mechanical Turk. Each participant was 
assigned to one of five possible autonomy conditions with 36 participants per condition. Each of 
these conditions built upon the abilities of the vehicle in the previous condition. Condition one 
was the control condition with no autonomy. Condition two added longitudinal control 
(adaptive cruise). Condition three added lateral control (lane keeping). Condition four added 
automated turning at intersections. Condition five added detection and avoidance of stationary 
obstacles. 
 
Following a three-minute familiarization period. Each participant took part in two separate 
experiment drives in a web-based virtual closed hatch military vehicle operating in an 
evacuated city. The vehicle had an indirect view screen to see outside as well as a 
communications console where participants were given secondary tasks in the form of 
surveillance questions about the environment. The view inside the vehicle is shown in figure 1. 
In the first drive, secondary tasks were assigned at a rate of two tasks per minute. In the second 
drive, secondary task assignment started at two tasks per minute and steadily increased in rate 
over time with a maximum rate of 20 tasks per minute. At the end of the drive, the rate slowed 
back down for a cool down period. 
 



 
Figure 1. Vehicle View 

During each drive, participants encountered three emergency road events that required 
operator intervention regardless of autonomy level. These events occurred in a random order, 
and no participant saw the same event twice. The events included a pedestrian running into the 
road, a dog running into the road, a ladder falling into the road, a truck pulling out in front of 
the vehicle, a barrel rolling into the road, and a box of rubbish falling off a truck in front of the 
vehicle. 
 
Driving performance was assessed with an overall hazardous driving score made up of the 
number of these events hit by participants as well as other vehicles hit, barricades hit, 
stationary obstacles hit, and autonomy control swaps forced by the vehicle. Operator 
intervention in the emergency road events was also analyzed individually in addition to being 
part of the overall score. 
 
Secondary task performance was assessed by an overall score where each correctly answered 
question was worth more points the more quickly it was answered. Additionally, accuracy and 
latency of answers were analyzed individually. 
 
Situation awareness was analyzed objectively with real-time, Situation Awareness Global 
Assessment Technique (SAGAT) [1] based prompts built into the secondary task. Situation 
awareness was also measured subjectively based on the Situation Awareness Rating Technique 
(SART) [2]. 
 
Subjective cognitive load was assessed using two different metrics. The first was the NASA Task 
Load Index (NASA-TLX) [3]. The second was a modified version of the SOS scale [4] which was 
originally developed for assessing learning technologies. The wording was modified to be 
appropriate to the driving task. 
 
Multiple significant effects were found in this study. A multivariate analysis of variance 
(MANOVA) was done for global effects was done for both drives and both showed significant 
results with a large effect size for drive one and a medium effect size for drive two. 
 



Univariate ANOVA’s were done for each individual variable, and significant results were found 
for hazardous driving score in drives one (Figure 2) and two (Figure 3), number of road events 
hit in drives one (Figure 4) and two (Figure 5), and SART in drive two (Figure 6). 

 
 

 

 
                          Figure 6. SART Scores in Drive Two 

As shown above, hazardous driving score was highest in the middle conditions. Further 
investigation of this trend showed that the significance was caused by participants relying 
heavily on forced control swaps initiated by the vehicle despite being instructed to avoid them. 

Figure 2. Hazardous Driving Score in Drive One Figure 3. Hazardous Driving Score in Drive Two 

Figure 4. Events Hit in Drive One Figure 5. Events Hit in Drive Two 



Additionally, road events were hit significantly more in the highest autonomy condition in both 
drives. Lastly, situation awareness according to SART was significantly higher in condition four. 
 
Further analysis was done on the relationship among autonomy condition, secondary task 
response latency, and secondary task rate. The relationship that was found is shown in Figure 7. 
 

 
Figure 3. Latency of Responses Relative to Question Rate 

As seen above, there are distinct differences in the relationship of rate and latency at each 
autonomy level. These relationships were analyzed using linear regression modeling at each 
task rate. The models produced in this analysis are shown in Figure 8. 
 
Statistical validation these models showed overall interactive statistical significance for the 
models with rates of two questions per minute, four questions per minute, six questions per 
minute, twelve questions per minute, and twenty questions per minute. All the significant 
results showed large effect sizes using R squared for multiple regression. These results show 
that there is a predictable rate of change in latency for each condition at each rate. 
Additionally, a significant effect was not found for response accuracy which implies that if 
latency can be controlled for based on these predictable relationships, operator performance 
can be optimized. 
 
Figure 9 Shows an overall model of all the results found across both this study and the previous 
experiment 
 



 
Figure 8. Linear Regression Models 

 
 

 
Figure 9. Overall Model of Interactions 

 
 



Significance and impact 
 
The significant results found in this work include the inability of operators to respond to sudden 
road events when operating in purely supervisory roles in partially autonomous vehicles. 
Additionally, there were findings indicating a complex relationship with autonomy level and 
operators' ability to perform secondary tasks.  
 
The fact that participants inability to respond to emergencies only occurred past a certain point 
of vehicle autonomy is a new contribution that could inform future decisions by showing when 
performance starts to degrade. This information could lead to better designs for improving 
engagement and working with operator abilities. 
 
Based on the relationship found for autonomy level, task rate, and response latency acquired in 
this study it is possible to recommend how secondary task allocation should differ relative to 
vehicle autonomy. These rate recommendations are a new contribution to the field autonomous 
vehicle research and are of particular interest to military applications where autonomy is used to 
increase multitasking ability. 
 
Where might this lead? 
 
This work leaves many opportunities for development and further research in the area. 
Results found could help optimize the use of autonomous vehicles in multitasking situations. It 
could also lead to the development of better systems for keeping vehicle operators engaged 
while contributing to the knowledge of operator ability that is necessary for designing for the 
interactions of operators and autonomous vehicles.  
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How did the fellowship make a difference? 
 
The Link Fellowship made it possible to dedicate time to my research that would never have 
been without such support. I was able to work full-time on my research which allowed me to 
write and defend my dissertation proposal, develop materials for my simulation, conduct an 
extensive research study online with human subjects, conduct both empirical and exploratory 
data analysis, and write and defend my dissertation all within the fellowship year. 
 
Over the course of the fellowship, I was able to network with numerous people in the area of 
autonomous vehicle simulation making connections that continue to be valuable in my career. I 
am now a postdoctoral associate at the Center for Advanced Vehicular Systems at Mississippi 
State University and am continuing to peruse further research extending the topics I investigated 
during the fellowship. 
 
 


