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ABSTRACT

Automated vehicles offer the opportunity to disengage from the driving task, though
in SAE Level 3 vehicles a Take-Over Request (TOR) can occur at any time. In this case,
the driver must quickly assess the situation and completely take over the driving task.
In order for the driver to be able to do this safely, the rapid development of suffici-
ent situational awareness is of particular importance. To investigate how this can be
supported, it is necessary to find a sufficiently accurate method for measuring situati-
onal awareness in the context of automated driving. The Situation Awareness Global
Assessment Technique (SAGAT) provides an objective, direct method for measuring all
three levels of situation awareness. However, in previous applications of the method,
the relevance of the information measured by the SAGAT method was not taken into
account. The aim of this paper is therefore to first identify suitable SAGAT questions by
means of a literature review and then to assess the relevance of the information asked
for the safe takeover of vehicle control by an online questionnaire (n = 78). Subsequ-
ently, a study in a driving simulator (n = 32) will test whether a weighted evaluation of
the SAGAT questions according to the classification by the online questionnaire can
further optimize the method for measuring situation awareness.

Keywords: Situation Awareness, Situation Awareness Global Assessment Technique, Automa-
ted Driving SAE Level 3, Take-Over Request

INTRODUCTION AND AIM OF THE STUDY

Automated vehicles with SAE Level 3 (SAE, 2021) allow the driver to disen-
gage from the driving task and therefor concentrate on other activities such
as reading, texting or listening to music (SAE, 2021). However, a Take-Over
Request (TOR) can occur at any time, requiring the driver to quickly shift
attention from the non-driving activity to the driving task and then fully take
over the control of the vehicle. Problematically, such TORs often occur in
complex situations, such as a lane change due to roadwork or an accident,
making it even more challenging for drivers to take over (Kurpiers et al.,
2020). Previous studies have generally assumed that a time budget of about
eight seconds is given to regain control (Zhou et al., 2022). However, the
study of Merat et al. (2014) shows that up to 40 seconds are required to
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regain full control of the vehicle. Therefore, the question arises if drivers who
have not focused on their surroundings for a longer period of time are able
to sufficiently comprehend a complex situation within an eight-second time
budget to safely take back control of the vehicle.

In order to investigate how they can be supported in this process, it is first
important to find a method to measure situation awareness in the context
of automated driving with sufficient accuracy. Regarding this, the Situa-
tion Awareness Global Assessment Technique (SAGAT) developed for the use
within simulated environments by Endsley (1988) provides an objective and
direct method for measuring all three levels of situation awareness: Perce-
ption, Comprehension and Projection of the situation. In this technique, the
visual simulation is paused unannounced at a certain point and questions are
asked about the driving situation experienced immediately before. The more
questions are answered correctly, the higher the measured situational awa-
reness. When using SAGAT, questions are often asked about aspects of the
environment that are seemingly unimportant for the action to be performed.
For example, when measuring situational awareness with SAGAT immedi-
ately after a TOR, knowledge of the color of the billboard on the side of
the road is rated as important for situation awareness as knowledge of the
maneuver of the vehicle in front.

Therefore, the aim of this work is first to identify suitable SAGAT que-
stions for possibly occurring TOR scenarios for automated vehicles with
SAE Level 3 and then to test whether a weighted evaluation of the SAGAT
questions with regard to their relevance for the action to be subsequently
performed in the respective scenario can further optimize the method for
recording situational awareness.

METHODOLOGY

Literature Research and Online Survey

To identify potentially relevant SAGAT questions, a systematic literature rese-
arch on SAGAT use in the context of automated driving was conducted. Since
in the studies found a lane change due to roadworks (e.g. van den Beukel and
van der Voort, 2017) or an accident (e.g. Lu et al., 2017; Park et al., 2020)
was often given as the reason for a TOR, these two scenarios were selected
for the planned study in the driving simulator. The information requested
in the identified studies (Crundall, 2016; Lu et al., 2017; Lu et al., 2020;
Müller, 2020; Park et al., 2020; van den Beukel and van der Voort, 2017;
Ventsislavova et al., 2016) was collected without considering its potential
relevance for taking over driving control. Afterwards they were classified into
the following five categories: Information about the own vehicle and requi-
red behavior, information about vehicles in the surrounding area, information
about applicable traffic rules and road signs, information about navigation
and information about the cause of the TOR. Within the categories, infor-
mation was systematically assigned to the respective two scenarios, resulting
in a total of 56 items for the “Roadworks” scenario and 62 items for the
“Accident” scenario. Examples of information in each category are shown in
Table 1.
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Table 1. Example information for the five categories modified for the applied scenarios.

Accident Roadworks
1 Information about

the own vehicle and
required behavior

• Speed of own vehicle (Lu et al., 2017; Müller, 2020)
• Necessity of changing lanes to avoid an accident

(Ventsislavova et al., 2016)
2 Information about

vehicles in the
surrounding area

• Speed of the vehicle on the left lane (Lu et al., 2017;
Müller, 2020)

• Type of the vehicle on the left lane (van den Beukel
and van der Voort, 2017)

• Planned maneuver of the vehicle on the left lane
(Müller, 2020)

3 Information about
applicable traffic
rules and road signs

• Applicable speed limit (Müller, 2020)
• Overtaking ban zone indicated by lane marking

(Müller, 2020)
4 Information about

navigation
• Remaining time until reaching the destination (Park

et al., 2020)
• Distance to the next motorway exit (Müller, 2020)

5 Information about
the cause of the TOR

• Lanes affected by the
accident (Crundall,
2016)

• Color of the vehicles
involved in the accident
(Ventsislavova et al.,
2016)

• Lanes affected by
roadworks (Crundall,
2016; Park et al.,
2020)

• Number of workers
(Müller, 2020)

An online survey (n = 78) was then conducted to assess the information
collected in terms of its relevance for safe vehicle control takeover. In the
process, the respective scenario was first described to the participants in a
short text. Subsequently, questions on the understanding of the situation were
asked in order to be able to sort out the data sets for which the questions were
not answered correctly. Participants were then asked to rate the informa-
tion collected within the categories for each scenario in terms of its relevance
to the safe takeover of vehicle control and subsequent safe driving through
the described scenario on a 6-point Likert scale from “very unimportant”
to “very important”. The 6-point scale was chosen to avoid the tendency
towards the middle and to prevent items from being classified as “neutral”
(Moosbrugger and Kelava, 2020). To calculate the weighting factor, all outli-
ers were first removed from the data set and finally the normalized mean
value was formed and squared for the individual information. The informa-
tion was then classified into three equidistant weighting categories, “high”,
“medium” and “low” based on the calculated weighting factors.

Driving Simulator Study

In order to test whether a weighted evaluation of the SAGAT questions com-
pared to an unweighted evaluation leads to a more accurate quantification of
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situational awareness and thus to a higher correlation with takeover perfor-
mance after a TOR, a study (n = 32) was conducted in a fixed-base driving
simulator with 360-degree visual simulation. After completing a question-
naire on demographics, driving experience and knowledge about automated
vehicles, the participants first completed a test manual drive to familiarize
themselves with the driving simulator and the study procedure. They experi-
enced the automated drive as well as the TOR, and the process of measuring
situational awareness with the help of the SAGAT method was carried out as
an exemplary procedure.

Afterwards they completed the two driving scenarios, during which the
vehicle drove autonomously for approximately 10 minutes while they were
reading on their mobile phone or tablet. This was followed by a multimodal
TOR (Bazilinskyy and Winter, 2015), which provided both visual and audi-
tory requests to resume the driving task. The head-up display also showed a
countdown of the time remaining before the autonomous driving functions
were switched off. Shortly before the countdown had run out, the simulation
was paused unannounced to measure situational awareness using SAGAT
(Endsley, 1988). The simulation then resumed and the test persons had to
manually drive the vehicle through the situation while their take-over per-
formance was recorded using the driving data. Since the interruption lasted
less than 6 minutes, the takeover performance should not have been affe-
cted (Endsley, 2000). Thereby the number of collisions, time to takeover,
standard deviation and maximum of steering angle, standard deviation and
maximum of acceleration as well as standard deviation and maximum of
deceleration were used as parameters for the takeover performance (Mül-
ler, 2020). To avoid sequence effects, the two scenarios, “Roadworks” and
“Accident”, were interchanged. To control for simulator sickness, the Simu-
lator Sickness Questionnaire according to Kennedy et al. (2009) was used
both before and after the drives.

The selection of information requested by SAGAT was done following
the methodology described by Endsley (1988). From the previously iden-
tified information, a total of 21 questions were selected for each scenario,
which on the one hand could be answered within a time budget of a maxi-
mum of six minutes, and on the other hand were relevant to the scenario,
but not necessarily predictable (Endsley, 1988). The questions were chosen
to cover all three levels of situational awareness (Endsley, 2015). In order
to test whether the previously calculated weighting has an influence on the
determination of situational awareness, questions with a high, a medium
as well as a low weighting factor were thereby included in alternating
order.

RESULTS

Participants

A total of 34 test persons took part in the study, while only 32 data sets could
be evaluated due to simulator sickness and incorrect data recording. The
prerequisite for participation was the possession of a class B driving license
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(European System) and experience on German motorways. The average age
of the 25 male and 7 female participants was 34.8 years (min = 21 years,
max = 65 years). 13 of the participants stated an annual driving performa-
nce of up to 5,000 km, one participant rated the annual driving performance
between 20,000 and 50,000 km and the remaining 18 were in between. 16
of the participants do not use any assistance systems while driving. Of the
remaining test persons, 14 stated that they use cruise control on a regular
basis. In the self-assessment of their knowledge of automated vehicles, 2 par-
ticipants rated their knowledge as very good, 8 as good, 12 as average, 7 as
low and 3 as very low.

Effect of Unweighted and Weighted Situational Awareness Total
Score on Takeover Performance

The comparison of the unweighted and weighted total score for situational
awareness shows that for the “Roadworks” scenario a significant difference
(significance level p= 0.05) between the unweighted total score (M= 45.8%,
SD= 15.2%, n= 32) and the weighted total score (M= 55.8%, SD= 16.6%,
n = 32) can be determined using a T-test (t(62) = −2.451, p = .017).
The effect size according to Cohen (1992) is r = .30, corresponding to a
medium effect. For the “Accident” scenario, however, the difference between
the weighted and the unweighted score is not significant (t(62) = −1.351,
p = .182).

The analysis of the correlation between situational awareness and take-
over performance parameters using Bravais-Pearson correlation and simple
linear regression shows no correlation for either the unweighted or weigh-
ted total score. Correlations are found only within the takeover performance
parameters. In the “Accident” scenario, the time to take action correlates
with both the maximal acceleration (r = −.441, p = .012, n = 32) and the
maximal deceleration (r = −.452, p = .009, n = 32), each with a moderate
effect according to Cohen (1992). The maximal acceleration and the maxi-
mal deceleration increase the faster the test persons intervene after the TOR.
There is also a correlation between maximum acceleration and deceleration
(r = .498, p = .004, n = 32) with a medium effect. Test persons who slowed
down very sharply at the beginning of the intervention also accelerate very
sharply after the intervention. In the “Roadworks” scenario, the time until
intervention also correlates with both the maximum acceleration (r=−.353,
p = .047, n = 32) and the maximum deceleration (r = −.501, p = .003,
n = 32), acceleration with a moderate effect and deceleration with a strong
effect. Again, the maximum acceleration and deceleration increase the faster
the test persons intervene after the TOR. A correlation between these two
cannot be found in the “Roadworks” scenario.

Effect of Particular Information on Takeover Performance

Since the comparison of the total scores for situation awareness does not
indicate whether individual information contribute more or less to good
takeover performance, the answers to the individual questions were fur-
ther analyzed. For each of the SAGAT questions, it was examined if the
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characteristics of takeover performance show a significant difference depen-
ding on whether the question was answered correctly and to what extent
the correct answer to the question correlates with the takeover performance
parameters.

For the “Accident” scenario, time to intervention correlates with whether
test persons were aware of the speed limit (r= .434, p= .013, n= 32,medium
effect size according to Cohen (1992)) and whether there was a vehicle next
to them (r = −.399, p = .024, n = 32, medium effect size). In addition, both
acceleration (r = −.354, p = .047, n = 32, medium effect size) and dece-
leration (r = −.388, p = .028, n = 32, medium effect size) correlate with
the knowledge of the speed limit. The test persons who were aware of the
speed limit also showed a late takeover of vehicle control (t(30) = −2.130,
p = .041, r = .36, medium effect size). Those who were aware of the prese-
nce of a vehicle next to them showed an earlier takeover of vehicle control
(t(30) = 2.387, p = .024, r = .40, medium effect size). The knowledge of the
speed limit is further associated with a tendency to accelerate or decelerate
less.

For the “Roadworks” scenario, time to intervention correlates with whe-
ther test persons knew which of the lanes were affected (r = .431, p = .014,
n = 32, medium effect size), whether a lane change was required (r = .451,
p = .010, n = 32, medium effect size), and whether there was a vehicle
behind them (r = −.373, p = .035, n = 32, medium effect size according
to Cohen (1992)). While knowledge of the lanes affected by the roadworks
(t(30) = −2.768, p = .010, r = .45, medium effect size) and knowledge of
the necessity to change lanes (t(30) = −2.620, p = .014, r = .43, medium
effect size) are related to a late takeover of vehicle control, knowledge of the
presence of a vehicle behind the own vehicle correlates with an early takeover
of vehicle control after the TOR (t(30) = 2.205, p = .035, r = .39, medium
effect size).

Correct Answers Per Weighting Category

For further analysis of the data, the number of correctly answered questions
within the high, medium, and low Weighting Categories is compared using
single-factor Analysis of Variance.

For the “Accident” scenario, Figure 1 shows that questions in the “high”
Weighting Category were most frequently answered correctly (Md = 71%,
SD = 14%), followed by the “medium” (Md = 50%, SD = 23%) and “low”
(Md = 43%, SD = 18%) categories. Post-hoc tests with Bonferroni corre-
ction indicate a significant difference between the “high” and “medium” as
well as the “high”and “low”categories. Also, for the “Roadworks” scenario,
Figure 2 shows that the questions in the “high”weighting category were most
frequently answered correctly (mean = 71%, SD = 20%), followed by the
“medium” (mean = 71%, SD = 22%) and “low” (mean = 14%, SD = 20%)
categories. The post-hoc tests with Bonferroni correction, indicate a signifi-
cant difference between the categories “high”and “low”as well as “medium”
and “low”.
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Figure 1: Correct answers per Weighting Category for the “Accident” scenario (*signi-
ficance level <0.05, **significance level <0.01).

Figure 2: Correct answers per Weighting Category for the “Roadworks” scenario
(*significance level <0.05, **significance level <0.01).

Correct Answers Per Information Category

In order to further analyze the allocation of the test persons’ attention, the
data were analyzed by means of a factorial analysis of variance to determine
whether the test persons answered the questions of one of the information
categories presented in the table more often correctly than those of the other
information categories.

For the “Accident” scenario, Figure 3 shows that the questions from cate-
gory 4 “Information about navigation” were answered incorrectly by most
test persons (Md = 0%, SD = 29%).

Post-hoc tests with Bonferroni correction show a significant difference
to all four other categories. The most frequently correctly answered que-
stions were those in category 5 “Information about the cause of the TOR”
(Md = 75%, SD = 23%), followed by questions in category 1 “Information
about own vehicle and required behavior” (Md = 67%, SD = 14%), cate-
gory 2 “Information about vehicles in the surrounding area” (Md = 50%,
SD = 39%) and category 3 “Information about traffic rules and road signs”
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Figure 3: Correct answers per Information Category for the “Accident” scenario (*signi-
ficance level <0.05, **significance level <0.01. Categories: 1 - Information about the
own vehicle and required behavior, 2 - Information about vehicles in the surrounding
area, 3 - Information about applicable traffic rules and road signs, 4 - Information about
navigation, 5 - Information about the cause of the TOR).

(Md = 33%, SD = 32%). However, there is a significant difference only
between category 3 and category 1 and between category 3 and category 5.

For the “Roadworks” scenario, Figure 4 shows that the questions from
category 4 “Information about navigation” were also answered incorrectly
by most test persons (Md = 0%, SD = 17%).

Again, post-hoc tests with Bonferroni correction show a significant diffe-
rence to all four other categories. In this case, the most frequently correctly
answered questions were those from category 2 “Information about vehicles
in the surrounding area” (Md = 50%, SD = 22%), followed by questions
from category 1 “Information about own vehicle and required behavior”
(Md = 40%, SD = 22%), category 5 “Information about the reason for the

Figure 4: Correct answers per Information Category for the “Roadworks” scenario
(*significance level <0.05, **significance level <0.01. Categories: 1 - Information about
the own vehicle and required behavior, 2 - Information about vehicles in the surroun-
ding area,3 - Information about applicable traffic rules and road signs, 4 - Information
about navigation, 5 - Information about the cause of the TOR).
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TOR” (Md = 40%, SD = 23%), and category 3 “Information about traffic
rules and road signs” (Md = 33%, SD = 31%).

DISCUSSION

The analysis of the data shows that due to the lack of correlation between
the situation awareness total scores and the characteristics of the takeover
performance, no conclusion can be made regarding whether a weighted or
an unweighted evaluation of the SAGAT is better suited to capture situation
awareness sufficiently accurately. The reason for the lack of correlation could
be on the one hand, that a good takeover performance is not necessarily
related to a good situation awareness (Kokar and Endsley, 2012) and that the
study should be conducted with more test persons, which would understate
the fortunate results. In addition, it is possible that the scenarios were too
easy to set up and therefore the takeover was not difficult, so that situational
awareness had little effect on takeover performance. Another reason could
be that the measures of takeover performance are not appropriate and that a
more suitable, differentiated evaluation concept needs to be used to quantify
takeover performance, such as the TOC-rating from Naujoks et al. (2018).
Accordingly, the suitability of the weighting of the SAGAT questions should
be further investigated in future studies.

Considering only the takeover behavior, the correlation between early
takeover and high maximum deceleration and acceleration suggests that
individuals who intervene quickly also react with an extreme response, i.e.
extreme deceleration. As a result, they also accelerate extremely to com-
pensate their reaction and adapt to the traffic. People who take more time
to take over therefore react with a behavior that is better adjusted to the
situation.

The finding from the evaluation of the effect of individual information on
takeover performance that persons who knew which lanes were affected by
the roadworks and that they did not have to change lanes took longer to take
control of the vehicle could be due to the fact that they knew that they did not
have to perform any complicated maneuvers and therefore allowed the car
to continue driving on its own. The reason for the correlation between late
takeover of control and knowledge of the applicable speed limit could be that
persons who took control later used this time to orient themselves and thus
were able to absorb more information than those who took control earlier.
However, this should be verified in future studies by interviewing them about
their reactions and thoughts during the procedure as well as by eye movement
analysis.

The result of the evaluation of the correct answers per weighting cate-
gory suggests that after a TOR, the test persons first direct their attention to
the information rated as most important, before focusing on the aspects of
the environment rated as moderately important, and then eventually paying
attention to the aspects rated as unimportant. Thereby it is noteworthy that in
the “Roadworks” scenario the moderately important questions were answ-
ered correctly more often than in the “Accident” scenario, which could be
due to the fact that roadworks are more familiar situations than an accident
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and can therefore be comprehended more quickly, thus freeing up capacity
to consider other aspects. However, this would have to be verified by eye
movement analysis in future studies.

The evaluation of the correct answers per information category also shows
that in both scenarios less attention was paid to the information on naviga-
tion as well as to the applicable traffic rules. While in the “Accident” scenario
attention was mainly focused on the cause of the TOR, in the “Roadworks”
scenario this was only in third place. In both scenarios, information about
one’s own vehicle and one’s own behavior was still in second place. Informa-
tion about vehicles in the environment was ranked third in the “Accident”
scenario, while it was given the most attention in the “Roadworks” scenario.
Again, it can be assumed that roadworks are more familiar situations and do
not require as much attention as an accident to decide on further action. Ano-
ther reason for the focus on the accident might be that it presents a greater
hazard than a roadwork zone, due to debris or people running around. The
reason why the vehicles in the surrounding area have a different importance
in both of the scenarios could be that there was more traffic in the “Roadw-
orks” scenario and therefore more attention was needed to detect all other
vehicles.

CONCLUSION

The results of this work describe a suitable procedure to identify relevant
SAGAT questions for a TOR due to roadworks or an accident on the moto-
rway. However, in order to conclude whether a weighted or unweighted
evaluation of the SAGAT questions is better suited to capture situational
awareness in the context of automated driving, the results of the takeover
performance need to be evaluated with more sophisticated methods. Never-
theless, the results show that the higher weighted information is consistent
with the aspects on which the drivers initially focus their attention after the
TOR. In the “Accident” scenario, this is mainly the reason for the TOR,while
in the “Roadworks”scenario, the vehicles in the surrounding area first attract
attention. The reason for this could be the more familiar and less dangerous
situation of the roadworks. However, the reasons behind the drivers’ choice
of attentional allocation strategy should be investigated in further studies
using eye-tracking as well as a post-takeover interview.
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