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Situational Awareness and Time to Takeover: Exploring an Alterna-
tive Method to Measure Engagement with High-Level Automation

Hallie Clark, Anne Collins McLaughlin & Jing Feng
North Carolina State University

Within human factors research of highly automated driving, in addition to examining the design of noti-
fications of expected takeovers of vehicle control, understanding how drivers handle unexpected takeo-
vers is of critical importance. Given a sufficient level of situational awareness has been shown as a
premise for task performance in various domains, this study aims to establish a situational awareness
measure in the context of highly automated driving using a simple platform for experimentation. In this
study, we measured participants’ situational awareness when viewing a video of simulated automated
system, and their time-to-takeover when vehicle automation failed unexpectedly (as indicated by an
abnormal change of vehicle speed and lane position). The results verified the link between lower levels
of situational awareness and longer time to respond to a takeover event, suggesting the potential use of
the simple platform for experimentation and quick prototyping.

INTRODUCTION

Automated vehicle (AV) technology is becoming
more prevalent, with the expectation that it will be largely
available on roads in a few years. The industry boasts many
benefits as a result of AVs, such as reduced traffic congestion,
shorter travel times, and a means to reduce the effect of driver
distraction (Litman, 2014). While these benefits are enticing,
much research on human factors issues is still lacking sur-
rounding this technology. In particular, human sciences on
how driver’s takeover of vehicle control when automation
fails unexpectedly (therefore the takeover will be conducted
without in-vehicle warning) are currently lagging behind.

With conditional automation (i.e., Levels 3; SAE In-
ternational, 2014), a driver does not need to perform most of
the driving tasks but may need to take over of vehicle control
when needed. In general, there are two types of takeovers: 1)
an expected takeover event that an advanced notification may
be delivered to the driver; and 2) an unexpected takeover
event when the automated system fails without notifying the
driver. In consideration of an expected event, drivers will re-
ceive a sufficient notification prior to the event, allowing for
preparation of takeover. Much research on driver takeover of
vehicle control has concentrated on expected situations. Stud-
ies showed that drivers perform better when they’re required
to take over after fixed intervals of automated driving, as
compared to varied intervals (Merat, Jamson, Lai, Daly, &
Carsten, 2014). Drivers also performed better when presented
with a natural driving hindrance, such as a road block or con-
struction zone (Merat et al., 2014), and with assistance from
augmented reality (Lorenz, Kerschbaum, & Schumann, 2014).
Older drivers in general benefited more than younger drivers
from more advanced notifications of takeover (Clark & Feng,
2016). Some evidence points to a detrimental effect of in-
volvement in non-driving-related tasks during automated driv-
ing (Louw et al., 2015; Merat et al., 2015; Zeeb et al., 2016),
while others suggest the contrary (Miller et al., 2015; Neubau-
er et al., 2012). While examining the design of notification of
expected takeovers, understanding takeovers in unexpected
situations (thus without notifications) is also of great safety
consideration.

With a high level of automation, cognitive underload
can lead to a loss of alertness (Ma & Kaber, 2000). When no
advanced notification was presented, a driver may not realize
the presence of a problem until a consequence takes place
(e.g., crash). In the case of an unexpected takeover, maintain-
ing a sufficient level of awareness of the driving situation,
both about the environment and the performance of the auto-
mated system, is even more important than during an expected
takeover. Situational awareness has been found critical in
manual driving (Endsley, 1995b; Johannsdottir & Herdman,
2010), piloting with high automation (Hartel, Smith, & Prince,
1991; Endsley, 1995a), and operating an unmanned ariel vehi-
cle (Drury, Riek, & Rackliffe, 2006).

Situational awareness is a macro-cognitive measure-
ment of awareness. Awareness of the situation means having
an understanding of the “big picture” of the environment and
the task you’re in. This involves knowing and comprehending
what’s around you, and even being able to predict the next
steps (Endsley, 1995b). In daily driving, it is necessary for a
driver to maintain a sufficient level of situational awareness to
safely navigate the roads and perform the driving task. In the
case of a high level of vehicle automation (e.g., conditional
automation), a vehicle may experience a system failure even
in the automated mode without a warning, and begins to deter
from the appropriate lane position. Maintaining a sufficient
level of awareness of the driving situation would better pre-
pare the driver to intervene, when, or if, necessary.

Understanding driver situational awareness and per-
formance at a takeover is a pivotal area of human factors re-
search in automated vehicle technology. Previous research
within aviation suggest that automation could result in lower
situational awareness, due to reduced vigilance, overreliance,
and even lack of knowledge of the advanced system (Endsley,
1997). Similar human factors issues may be observed with
drivers operating highly automated vehicles. Research within
situational awareness has begun to inch towards understanding
the role it plays within higher levels of vehicle automation
(i.e., including adaptive cruise control as well as self-driving
vehicles). For example, Ma & Kaber (2005) found that situa-
tion awareness improves with the use of adaptive cruise con-
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trol, as well as a positive relationship between situational
awareness and aspects of driving performance. Additionally,
they observed that operational driving behaviors were affected
by situational awareness. While these results are encouraging,
it should be noted that this reduced situational awareness
could be a result of cognitive underload, a critical issue for
safety considerations should a driver be forced to takeover
(Rudin-Brown & Parker, 2004). In another study, Merat et al.
(2012) observed driver behavior and transitions from low to
high workload within highly automated vehicles. They aimed
to view the influence on driving performance at an incident
with the addition of a non-driving related task. They found
that drivers were not able to react and prepare to an incident
during automated driving as effectively as during manual driv-
ing. This is likely due to the attentional resources being di-
rected away from the driving task and focused on the non-
driving related task in automated driving. This could also be a
result of lower situational awareness during automated driving
compared to manual driving.

This study aims to establish a measure of situational
awareness in the context of highly automated driving. This
study adopted a simple platform for experimentation, similar
to a video-based hazard perception tests in driving (for a re-
view, see Horswill & McKenna, 2004). Participants viewed
video clips of simulated highly automated driving from the
driver’s perspective, answered probes of situational aware-
ness, and pressed a button when they wanted to intervene (i.e.,
when they felt the presence of an automation failure). The
study addressed two questions: 1) what is an individual’s level
of situational awareness during automated driving, and 2) does
a higher level of situational awareness lead to better driver
performance at the takeover. In this study, we used time-to-
takeover as the index of driver performance during a takeover.
We hypothesize that the level of situational awareness would
be negatively associated with the time to takeover, inferring
that the lower the level of situational awareness is, the longer
it takes for an individual to regain control after a failure in
automation.

METHOD

In this study, participants viewed a series of video
clips of simulated driving with a high level of automation
from a driver’s perspective. They were probed with questions
measuring situational awareness using the Situation awareness
Global Assessment Technique (SAGAT) (Endsley, 1988).
This technique has been a prominent tool to measure situa-
tional awareness in dynamic environments. Participants also
had to takeover at a time point, which was a single event that
consistently occurred toward the end of the experiment for
each participant, when they observed a failure of vehicle au-
tomation

Participants

Participants were recruited using Amazon Mechani-
cal Turk (mTurk), and received a compensation of $2 for the
completion of the experiment. Participants were required to
have a valid driver’s license. A total of 50 participants (30

males, 20 females) completed this experiment through mTurk,
with an average age of 33.0 years (range: 20 — 59 years). 18
participants did not successfully make a timely response to
takeover, thus their performance was not considered in the
total correlation.

Materials

Driving Videos. The driving videos were recorded from a driv-
ing simulator (STISIM 3). These videos present the exact vis-
uals that a participant would see when driving in the simulator.
A screen capture of a drive in the experiment with a takeover
button below is presented in Figure 1b. The driving scenarios
presented driving on a mix of rural and urban roads (Figure 1).
Design details within the driving videos include traffic in the
same and opposite directions, various intersections which the
vehicle (first person view) would respond to, as well as pedes-
trians and shops on walkways. The videos were presented on
webpages using Qualtrics, an online survey platform (Qual-
trics, Provo, UT) which allowed the researchers to randomize
the order of the videos, as well as control the navigation with-
in the page. Participants would be forced to watch the entire
video prior to being auto advanced to the corresponding
SAGAT probe questions. On the webpage below the video,
there was a takeover button (red button in Figure 1b), that al-
lowed participants to indicate when they would wish to regain
vehicle control. This button was consistent across the videos,
regardless of the presence of a takeover event. The experiment
included a single takeover event which occurred at the end of
the experiment (Figure 3). The decision to include only one
takeover event for each participant was made in consideration
of the “first failure effect” seen in high levels of automation
(Wickens & Xu, 2002). For each participant, 24 minutes of

Figure 1: An example of rural (a) and urban (b) driving
scenes. The takeover button positioned beneath the visual (b).
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Figure 2: Vehicle trajectory after system failure (0 s) with ve-
hicle beginning in the left hand lane.

video was experienced prior to this takeover event, which,
unbeknownst to the participant, was the final video displayed.
This unexpected takeover event was indicated by a system
failure, in which the vehicle swerved across the lanes and
drastically changed speed, and ultimately ending up on the
side of the road (for a full trajectory of the failure, refer to
Figure 2 which presents the exact position of the vehicle after
the failure occurred). Participants had to click on the red but-
ton when they wanted to regain vehicle control. Participants
were given one minute to respond to the failure, and if no re-
sponse was indicated after the allotted time, the video would
auto advance and the experiment was complete. It should be
noted that while the takeover button was presented with each
video in the experiment, the system did not respond to drivers
with the exception of the designed takeover event. Participants
were instructed of this, and informed that should they feel the
need to takeover, they may indicate this by selecting the but-
ton which would then be highlighted green.

Situation Awareness Global Assessment Technique (SAGAT).
The SAGAT (Endsley, 1988) assesses situational awareness
by pausing the environment and asking a series of questions to
assess participants’ awareness of the situation. A task analysis
provided the framework for the questions used within the que-
ries. Some sample questions include, “Is it safe to proceed?”
“What is approaching on the roadway?” “What type of envi-
ronment are you driving in?”” These questions aimed to meas-
ure whether a participant was aware of dynamic driving envi-
ronment and system functioning. A total of six questions were
presented for each scenario, to total 30 situational awareness
questions equally divided to assess the three levels of aware-
ness suggested by Endsley (1988): perception, comprehension
and projection. The amount of questions was determined by
time to completion, as to allow participants to complete each
question query within 2 minutes. Situational awareness of
each driving video was measured as the percentage of correct
response among all questions. The accuracy of responses was
coded by comparing their responses to the events within the

video pertaining to the question. Each question was equally
weighted.

Procedure

After participants selected the study on mTurk, they
were directed to the Qualtrics page with an informed consent.
Once consent was received, participants first completed a brief
questionnaire on demographics, as well as their knowledge of,
and trust in, a highly automated vehicle.

Following the completion of the questionnaire, par-
ticipants were provided with detailed instructions of the re-
mainder of the task. The instructions included a visual illustra-
tion of the takeover button, and information about its function-
ing (e.g., it will not allow for control of the vehicle, but in-
stead would inform the researcher that you indicated the
need). The instructions also informed participants of the expe-
rience, encouraging them to behave as they would when driv-
ing a highly automated vehicle. In our opinion, this would
include engaging with non-driving-related tasks, as well as not
being vigilant with the driving videos. This information was
not gathered (discussed in the limitation section).

The driving task included a series of videos, ranging
from 2 to 6 minutes in length. This was designed to allow for
randomization for participants, and eventually allow for com-
parison across time of disengagement. An overview of the
procedure can be seen in Figure 3. Participants first experi-
enced a 4 minute video of driving which was not followed by
SA probes, and then continued with the queried driving
scenes. There were 5 total queried driving scenes, which were
followed by 6 questions aimed to assess their situational
awareness. Participants were allowed to provide free text re-
sponses to these questions, and their responses were later cod-
ed based on accuracy. Once a participant answered all of the
situational awareness questions, the next video began. Naviga-
tion between videos was restricted, and participants were not
shown the SA questions until the video had ended.

4 mi SA Takeover
minutes Questions Event

Figure 3: An illustration of the experimental procedure.
RESULTS

Participant’s level of situational awareness in each
driving video was measured by the percentage of correct re-
sponses throughout the experiment. In addition, participants’
reaction times to the takeover event (indicated by pressing the
red button) used as the index of their time to takeover.

Takeover performance. Of the 50 participants, 18 did not suc-
cessfully takeover in the allotted time (this was indicated by
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failure to select the red button; n = 8) or took over prior to the
occurrence of system failure (indicating premature responses;
n = 10). Both scenarios presented were determined to have
unsuccessfully complete the experiment and thus were exclud-
ed from the correlation analysis. We did, however, conduct an
independent t-test to compare the situational awareness results
between these two groups of participants (those who success-
fully took over in the proper time versus those who did not).
The results indicated that the situational awareness of those
who failed to takeover (on average 36% accurate on the situa-
tional awareness questions) was significantly lower than those
who took over (on average 47% accurate on the questions),
1(48) =-2.83, p = .007 (Figure 4).

Impact of Situational Awareness on Takeover. To examine
how situational awareness impacts takeover performance, a
Pearson correlation (Figure 5) was conducted between the
level of situational awareness and reaction time to the takeover
event. This analysis only included 32 participants who clicked
the red button within the allotted time (thus proper times to
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Figure 4: Comparison of participants who successfully
took over and those who didn’t.
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Figure 5: Pearson negative correlation of situational awareness
and time to takeover.

takeover were measured). The level of situational awareness
was negatively correlated with the time to takeover, r=-.32, n
=32, p = .039, one-tailed, supporting our hypothesis.

DISCUSSION

This study aimed to establish a measure of situational
awareness in the context of highly automated driving. We
used video clips from simulated driving to approximate a
highly automated driving task. In this study, we measured
participants’ situational awareness and contrary to many cur-
rent studies, measured their performance at an unexpected
takeover which did not involve an in-vehicle warning. Ulti-
mately, we examined whether situational awareness impacts a
participant’s ability to take over vehicle control after experi-
encing a period of automated driving mode.

Of the 50 participants, 32 successfully regained con-
trol within the allotted time. This period of time was deter-
mined by the start of the system failure and the point which
the vehicle ended up on the side of the road (for a trajectory,
refer to Figure 2. It was perhaps not surprising that 8 partici-
pants (16% of our participants) did not takeover control at all.
While it is likely a result of loss of awareness due to cognitive
underload of drivers in the automated driving mode, this num-
ber is of great safety concern. Given the relatively short period
of our experiment compared to daily drives which will poten-
tially be completed by automated functions in the future, it is
possible that a higher percentage of drivers could fail to take-
over during unexpected events, which will undoubtedly be
infrequent and unexpected. It was interesting to observe that
10 participants (20% of all) prematurely responded, further
analysis and investigation is needed to figure out why. A pos-
sible answer is that they did not pay proper attention to the
task, or would not choose to use automated driving at all.
Compared to participants who either failed to take over or
responded too early, participants who successfully took over
had much greater awareness of the overall driving situation.
Another interesting result was that even among participants
who successfully regained control, those who had a higher
level of situational awareness in general took less time to re-
spond than those with a lower level of situational awareness.
These results strengthen the connection between situational
awareness and a driver’s capability to handle an unexpected
failure of vehicle automation, and provide a nod to a similar
study by Merat and Jamson (2009).

A primary goal of this study which emerged was to
attempt to explore a new method and validate the platform for
research. This preliminary study demonstrated that using a
simple platform (i.e., presenting driving videos on a webpage
with an interactive button) could be a useful tool to study driv-
er interaction with high levels of vehicle automation. It is im-
portant to recognize the limitation of this method (which we
discuss more in detail in the following section), however, this
method of experimentation allows researchers to examine hu-
man factors issues on the new technology without the con-
straint of using an advanced simulator with programmed au-
tomated functions (which most driving simulators are lacking
currently). This method is advantageous in quickly testing a
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large number of participants, and in supporting rapid prototyp-
ing of particular in-vehicle information presentation.

Limitations and Future Studies

While the findings of this preliminary study were
encouraging, there are some limitations that should be dis-
cussed. First, the study was conducted online simulated driv-
ing videos from a driver’s perspective. These simulated drives
were designed to approximate the driving experience in a
highly automated vehicle. However, the experience of watch-
ing a driving video could largely differ from the experience
when driving a real automated vehicle. Although video-based
driving testing has been successfully used in measuring hazard
perception (e.g., Horswill, Hill & Wetton, 2015), further vali-
dation is necessary to establish the usefulness of the method.
As this study was conducted online, some factors could not be
well controlled as in a laboratory setting. For example, some
participants may have completed the study on a desktop, while
some others may have done it on a tablet. The environment
may have been more distracting or noisy for some participants
than others. Additionally, the audio sounds were eliminated
for the driving videos considering potentially varying envi-
ronment that mTurk participants were in, while an automated
vehicle could provide auditory feedback to drivers. While we
support many of the differences in engagement, as they will
likely be an accurate portrayal of how drivers will engage with
these vehicles in real life, we acknowledge that more
knowledge of interactions would solidify many of these find-
ings. We plan to conduct the same experiment using a driving
simulator that will allow a contrast of findings.

Furthermore, the situational awareness questions al-
lowed free response and with the lack of experimenter pres-
ence any confusion with questions could not be addressed.
This experiment also limited the allotted time to take over (1
minute). Selection of this period is arbitrary and more options
need to be explored. Future studies should seek to understand
the various factors that impact situational awareness and take-
over performance at unexpected events. It is also important to
explore methods to maintain drivers’ situational awareness in
highly automated driving.

And finally, comparison of situational awareness
levels and time of disengagement was not presented within
this study, but considering the potential for time of disen-
gagement within real life driving scenarios, this is a factor to
consider for future studies.
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