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ABSTRACT 

A critical challenge of higher levels of automated driving (SAE level 3) is the 

reengagement of the driver to take back manual control. In this study we investigated 

to what extent the driver could be helped by receiving information about the duration 

of the automated driving as well as the available time for the reengagement. To 

address this research question, we conducted a simulator study where 41 participants 

drove alternating in manual mode and automated mode. Audiovisual cues informed 

the participants about the take-over 15 seconds in advance. The cockpit display 

showed different types of duration: takeover time, automated driving time and their 

combination. We compared the perceived usefulness of the prediction types, the gaze 

behavior during takeovers as well as driving performance. The results indicate that 

the combined and automated driving display type  were perceived to be highly useful 

by the participants. This perceived usefulness is positively associated with their 



intention to use such a system in their daily lives. An analysis of the driver’s gaze 

indicates that drivers used the combined display type during more than the other 

display types and that drivers acquired over time a safer gaze behavior with the 

combined display type as they monitored the road environment more during takeovers 

than in the other conditions. In this paper we describe the results along with 

performance results and a comprehensive assessment with implications for further 

research.  
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INTRODUCTION 

Highly automated driving (AD) offers the promise of improved safety together with 

a multitude of previously unimagined possibilities such as reduced disparities, stress, 

and more meaningful activities while driving. Driving assistance such as lane keep 

assistants (LKA) and adaptive cruise control (ACC) have already become common 

in many new vehicles. Today the first vehicles that allow drivers to disengage from 

driving for extended periods of time come to the markets. Such level of automated 

driving is defined in the international taxonomy of automated driving SAE 3016 

(SAE International, 2018) as Automated Driving at Level 3 and allows drivers to 

perform non-driving related tasks such as reading or watching a movie while the 

vehicle drives itself. However, the driver has to reengage and take back control for 

manual driving when the vehicle has reached the end of its operational design domain, 

or an unexpected event is happening. Thereby, human factors research has shown that 

the reengagement of the human driver in the driving task can be complex and error-

prone (see e.g. de Winter et al., 2014; Endsley, 2016, 2019; Hancock, 2019). After 

some periods of disengagement, it can be difficult for the driver to takeover control 

and start driving again. Accidents or safety incidents could be the result. Therefore, 

much research is investigating how to increase the safety of takeover maneuvers. In 

this study, we investigated whether drivers could be supported in the takeover and 

their experience using an automated vehicle by providing the duration of the 

automated drive and the transition period. 

 

Possible Advantages of Displaying AD Duration 

During Takeovers 

Uncertainty about the timing of takeover requests challenges the task of "fallback 

ready" drivers and could be addressed by making the takeover request predictable. A 

better overview over the time constraints of the takeover and therefore less distraction 

due to thinking about the remaining time may allow for increased situation awareness, 

which is the perception, comprehension, and future projection of situations (Endsley, 

1995). This takeover prediction (TP) could lead to an increased monitoring behavior 

and driving maneuver performance during takeovers. Beggatio et al. (2015) found in 

an interview study, among others the time remaining for takeovers is reported to be 



one of the most important information types an automated vehicle should feedback 

to the driver (Beggiato et al., 2015). 

 

During Automated Driving 

Knowing the timing until the next take-over may reduce the amount of monitoring 

the driving task and instead may allow the driver to engage in non-driving related 

activities (NDRAs). Furthermore, the switch from the NDRA to the takeover task, 

which is essential for a fallback-ready driver, may be assisted by making it predictable 

when it should happen. In general, predictability brings benefits for task switching 

(Koch, 2005). When driving automated the indication of the car´s ability to drive 

automated increases both, the takeover performance and the time looking away from 

the road ahead (Helldin et al., 2013). 

 

In general, drivers may perceive takeover and automated driving prediction as useful 

for their driving task. 

 

Hypotheses 

Our hypotheses for the present study are, that AP should increase gazes on the display 

while in automated driving mode. TP should increase gazes on the display and should 

lead to better monitoring of the environment by looking more at the street while 

performing a takeover. Additionally, we expect drivers to find a display showing a 

combination of TP and AP more useful than only one alone, and that they would 

improve driving performance during takeovers than only TP or AP alone. 

METHOD 

Design 

To investigate these hypotheses, we conducted a driving simulator study with 41 

participants (24 male, 17 female). Each participant drove a simulated vehicle with 

automated driving functionaliy and performed four takeovers during the study and 

was provided with one out of four duration prediction types. The study design was a 

mixed model with the takeover number as the within factor and the duration 

prediction type as the between subject factor. Dependent variables were the 

participants usefulness ratings, gaze behavior and driving performance. 

 

Procedure 

The participants first answered questions on socioeconomic information and previous 

simulator sickness and technology affinity. Afterwards they were instructed with the 

simulator and the automated driving display (AD display) and had the chance to test 

it out. The experiment then consisted of one long drive on a two-lane street. 

 



Participants started driving manually for one minute after which they alternated four 

times between automated driving segments of various lengths and manual drives 

each. The end of each automated driving segment was initiated by a broken down and 

still standing vehicle on the driver’s lane which they had to overtake. It was indicated 

by an auditive cue and a color animation on the display (pulsing between green and 

grey). Participants then stopped for a short time, answered some questions about the 

difficulty of the takeover, and continued to drive. To motivate the need for an 

automated mode, participants were asked to play a game on a handheld tablet during 

automated driving segments. They were instructed to get as many points in the game 

as possible. After the drive, participants answered questionnaires about usefulness, 

perceived simulator sickness, and intention to use the previously used system in their 

everyday life. 

 

Material 

Driving Simulator 

The used driving simulator was fixed-based with three horizontally aligned screen to 

grant a wider field of view. It allows for automated driving functionality which, 

comparably to SAE level 3, can take over all driving tasks. The ADAS functionality 

is developed internally in ViF and implemented in Matlab® 2013. The driving 

simulator software used was CarMaker® 4. 

 

Eyetracker 

To track the gaze of the participants, the SmartEye Pro system with two frontally 

mounted infrared sensors and infrared illuminators was used. The software SmartEye 

Pro 9.1 allows for tracking the drivers gaze direction and head rotation in real time 

and for interpreting the specific area of interest (AOI) the driver looks at every given 

moment. We were especially interested in AOI data regarding the frontal outside 

view, the speedometer, and the duration prediction display. 

 

AD Display 



Every subject used one of four different AD displays containing different information 

for each of the experimental conditions. a) The baseline display showed no duration 

prediction information at all. b) The takeover prediction (TP) showed duration 

indication in seconds during the 15 second takeover phase back to manual driving. c) 

The automated driving prediction showed duration indication for the duration of the 

automated driving in minutes. d) The combined duration prediction showed both 

information from TP and AP in minutes switching to seconds before the takeover. 

Durations were indicated with a numerical countdown in the bottom right corner and 

a graphical indicator in shape of a shrinking bar on the right-hand side of the display 

to visualize the time left. Additionally all display types showed a symbolic indicator 

of the current driving mode (manual or automated), as well as a colored interface 

showing the current driving mode (green for automated mode, grey for manual drive). 

The display presented auditive cues for critical events, such as availability of 

automated mode, start and end of automated mode, and start of 15 second takeover 

time. It also showed certain important information in textual form. An example of the 

combined duration prediction display with description of functional elements is 

presented in figure 1. 

 

Questionnaires 

Technology affinity was measured with the Affinity for Technology Scale (ATI) 

(Franke, Attig and Wessel, 2019) and intention to use the system in everyday life with 

adapted questions from a study by Nordhoff et al. about acceptance of conditionally 

automated cars (Nordhoff et al., 2020). Usefulness of the system, difficulty of the 

takeover and simulator sickness were measured with one question each. 

Figure 1. AD display with combined TP and AP information during a takeover. 

Symbols indicating 
currently active driving 

mode 

Color indicating currently active driving 
mode (grey=manual, green=automated, 

pulsating green-grey = takeover) 

Text area showing transition 

information (example here: 

“Please start the takeover”) 

Graphical duration 

indicator 

Numeric duration 

indicator 



RESULTS 

We defined outliers in our dependent variables as a deviance from the sample’s 

average larger than three standard deviations. With this approach, we only had to 

exclude a maximum of two datapoints from an analysis at rare occasions. Mostly we 

did not have to exclude data.  Due to invalid eyetracking data, five participants were 

excluded from the eyetracking analyses. 

 

Usefulness Ratings of Duration Prediction 

When analyzing the usefulness ratings of the prediction types, we only compared the 

three different groups where a duration prediction was given. An ANOVA analysis 

revealed a significant difference between the groups (F (2,27) = 4.60; p<.05; η² = 

0.25). Combined TP and AP are rated highly useful by the participants. Significantly 

higher than TP (p<.05). The precise usefulness ratings can be seen in figure 2. 

 

Gazes on Display as Indication of Display Use 

To analyze how much the display was used, we investigated different parameters for 

the use during automated driving and during takeovers. When analyzing the use 

during automated driving, we calculated the percentage of total time participants 

looked at the AD display. Since the takeovers only took a few seconds and the display 
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Figure 2. Reported usefulness of different duration predictions. 

Figure 3. Percentage of gazes of AD display during automated drives. 
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can be understood in a very short time, the average number of gazes are more 

representative for AD display use. 

 

Drivers in the combined prediction use the AD display more often during takeover (F 

(3,29) = 3.62; p<.05; η² = 0.27) and in total longer during automated driving (F (3,31) 

= 6.23; p<.05; η² = 0.28). Drivers with the combined prediction learn to focus their 

gaze more on the street during takeover after some takeovers (F (3,29) = 5.62; p<.01; 

η² = 0.37). Figure 3 shows the percentage of gaze time on the AD display during 

automated driving. 

 

 

Monitoring Performance During Takeovers 

Our statistical analysis revealed an interaction between the duration prediction type 

and the number of the takeover (F (3,29) = 5.62; p<.01; η² = 0.37). Drivers with the 

combined duration displays look significantly less at the street during the first 

takeover, than other groups. During the last takeover however, they looked 

significantly more at the street than other groups.  

 

Driving Performance 

After the takeover request, the driver was supposed to perform a double lane change 

maneuver to avoid a stopped vehicle ahead and then bring the vehicle to a stop at a 

“STOP” sign. In this interval we investigated a) maneuver length (in seconds); b) 

reaction time for maneuver; c) attentiveness of the driver (measured with steering 

wheel reversals); d) vehicle handling; and e) the speed variation. The results show no 

significant differences between the AD display types. 
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Exploratively we additionally investigated the correlation between perceived 

usefulness and the intention to use the takeover assistance. A Pearsson correlation 

showed a positive relation between both (r(40) = .68, p < .001).  

DISCUSSION 

The present results partially support the hypotheses that the display of TP and AP 

information helps drivers during the take-over from automated to manual driving.  

 

Usefulness of Displaying AP and TP 

Participants rated AP and the combined AD display highly useful while, TPs 

usefulness was rated as medium useful. This effect might be the result of the type of 

takeover task. The takeover was designed to be of low to average difficulty with only 

one vehicle to overtake and a little upcoming traffic, to get more control over the 

induced statistical effects. This could have led to an underestimation of the TPs 

usefulness since they could have benefitted more from it in a more complex 

environment with more audiovisual cues. AP however seems to be a highly useful 

feature for drivers of future automated vehicles, even in low difficulty situations. 

 

Gaze Behavior of Drivers with the Combined TP and AP 

While it was expected, that people using TP would use the AD display more during 

takeovers and people using AP would use it more during automated driving, it appears 

that people only really use the display, when they have combined TP and AP 

information available all the time. This could have emerged due to the fact, that the 

combined duration prediction was displayed during the transition from automated 

driving to the takeover, while the AP countdown stopped before the takeover. It 

seems, that during this interval, a precise duration countdown in seconds was most 

beneficial to the drivers to mentally prepare for the takeover. 

 

The beneficial effects of the TP and AP prediction as a countdown timer also could 

explain the lower street gaze time at the beginning of the study during takeovers for 

people with the combined duration indication. People possibly were slightly 

distracted by the display. However, with growing experience they were able to utilize 

the combined duration indication more efficiently leading to more gaze time on the 

street. 

 

Intention to use the System 

Perceived usefulness seems critical for drivers to use takeover assistance for 

automated driving. The higher the driver´s perceived usefulness of takeover 

assistance, the higher is their intention to use it. Consequently, when introducing a 

takeover assistance, it is important that it is useful for drivers, and they are aware of 

its usefulness. Such a system can only be perceived as useful, if drivers are aware that 

takeovers are critical for them. Assistance then must address the critical aspects 



perceived by the driver. The experience of using the takeover assistance informs the 

driver's perceived usefulness and thus their intention to use it. Consequently, research 

as conducted in this study is needed to assess the extent to which assistance support 

meets the driver´s needs. 

 

Study Limitations  

In the present experiment only one specific type of takeover was investigated. This 

takeover consisted of avoiding a static object on the street, which has a moderate 

difficulty. We also used a rather simple traffic environment of a country road without 

crossings, pedestrians, etc. This could explain the missing differences in driving 

performance during takeovers. It would make sense for future studies to investigate 

effects of duration displays in various other situations with more complexity and 

higher difficulty.  

CONCLUSION 

We can conclude, that drivers find the display the duration of automated driving 

duration as well as a combined display of automated driving and takeover duration 

highly useful. People also learn to monitor their environment better during takeover, 

if presented with a combination of both duration display types. However, drivers 

seem to require a acclimatization phase before being able to use it efficiently. 

Additional research should investigate the effects of duration information in 

challenging driving scenarios and environments. 
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