
In D. de Waard, F. Di Nocera, D. Coelho, J. Edworthy, K. Brookhuis, F. Ferlazzo, T. Franke, and A. 
Toffetti (Eds.) (2018). Proceedings of the Human Factors and Ergonomics Society Europe Chapter 2017 

Annual Conference. ISSN 2333-4959 (online). Available from http://hfes-europe.org 

Automated driving: subjective assessment of different 

strategies to manage drowsiness 

Veronika Weinbeer
1,2

, Julian-Sebastian Bill
3
, Christoph Baur

2
,
 
& Klaus Bengler

2 

1 
AUDI AG, 

2 
Technical University of Munich,

 3 
Otto-von-Guericke University 

Magdeburg 

Germany 

  Abstract 

It is likely that driver drowsiness will gain in significance as automation increases. 

However, as long as the automation system is unable to deal with every kind of 

traffic situation, it will still be necessary to get the driver back into the loop or, for 

example, to initiate a minimum risk manoeuvre should the transfer of the driving 

task to the driver fail. This article assumes that drivers are not yet allowed to sleep 

during an automated drive (AD). To date, it is unknown how the system should react 

in the case of elevated drowsiness. To evaluate this, participants (N = 31) 

subjectively assessed various options of a driver-state related strategy and of a 

system-based strategy before and after a tiring simulated AD. Assessments revealed 

that reducing the maximum speed was the best rated system-based option and that a 

targeted use of non-driving related tasks was the driver-state related option that was 

most widely supported. This article provides initial insights into the acceptance of 

various strategies for managing drowsiness during an AD from a user perspective. 

Further research is needed to evaluate the efficacy and safety outcomes for different 

strategies. 

  Motivation 

Driver drowsiness plays an important role in vehicle safety because an increase of 

drowsiness is often associated with a decline in driver performance (e.g., Sagberg, 

1999). So far, the study results have provided a mixed picture. Some researchers 

found no influence of drowsiness or automation duration on take-over performance 

(Feldhütter et al., 2017; Schömig et al., 2015; Jarosch et al., 2017), whereas others 

found a negative influence of drowsiness on the lateral acceleration during the 

transition (Goncalves et al., 2016) and on the time until situation awareness was 

reached after the transition (Vogelpohl et al., 2017). Despite these partially 

contradictory results, this study assumes that drivers will not be allowed to sleep 

during an AD as it was found that drowsiness, which Johns (1998) describes as “a 

transitional state between wakefulness and sleep”, can already negatively influence 

take-over performance and the subsequent driving performance. Hence, strategies 

are needed to manage driver drowsiness during an AD. 
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Key elements of a strategy in the context of drowsiness and automated driving 

Various definitions of the term “strategy” exist. Drucker (2006, p. 352) described 

strategic decisions as follows: “They involve either finding out what the situation is, 

or changing it, either finding out what the resources are or what they should be.” 

Rumelt (2013, p. 2) described the key elements of strategic working as “discovering 

the critical factors in a situation and designing a way of coordinating and focusing 

actions to deal with those factors”. Based on those strategy definitions, the 

following concept presents the derived key elements of various strategies for dealing 

with drowsiness during an AD (see figure 1).  

analysis of the present situation 
(including drivers‘ resources and system limits)

identification of critical factors 

concerning driver performance

preparation 

strategy

various options to deal with the 

crucial factors

system-based 

strategy

various options to deal with the 

crucial factors

strategies

driver-state related 

strategy

various options to deal with the 

crucial factors

 
Figure 1. AD and drowsiness: Elements of a strategy and relation between different strategies 

Analysis of the present situation 

In order to assess the current situation, knowledge of the system state and of drivers’ 

drowsiness states is needed. Hence, a driver monitoring system (DMS) is needed for 

assessing driver’s drowsiness state. The technical system is understood as an 

Automated Driving System (ADS) according to the SAE (2016) and supplemented 

by a DMS. The system must be able to detect system limits, to initiate a request to 

intervene (RtI) and to return the driving task. For example, a motorway exit or a 

stationary object in front of the ego vehicle may represent system limits (Bahram et 

al., 2015). Further, it is assumed that driver drowsiness will also represent a system 

limit as long as drivers are not allowed to sleep during an AD. Reaching a system 

limit leads to a RtI. This article does not consider any further sensor or hardware 

failures. 

Identification of critical factors 

Two types of critical driver reactions might occur when drowsy drivers need to take 

over control from an automated system. On the one hand, drowsy drivers might need 

more time for a sufficient understanding of the current situation as found in a driving 

simulator study (Vogelpohl et al., 2017). On the other hand, drowsy drivers might 

also react in a startled or surprised way in the event of an unexpected take-over 

situation or RtI. Effects of being startled or surprised have already been observed in 

the field of aviation (Martin et al., 2012). In addition, it has been assumed that the 
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consideration of startle effects are of great importance, especially when the 

automation mode changes unexpectedly (Jacobson, 2010). 

Strategies to deal with drowsiness 

In order to derive strategies for managing driver drowsiness in the context of 

automated driving, a fundamental understanding of the underlying mechanisms is 

necessary. As a result, the four-process model developed by Johns (1998) is 

presented. This model consists of a total “wake” and a total “sleep” drive. Both 

types of drive inhibit each other. The wake drive consists of a primary and 

secondary wake drive. It is assumed that, in most cases, the secondary wake drive 

will determine whether the driver will fall asleep. A person’s ability to avoid falling 

asleep may be strongly influenced by emotional and cognitive inputs (Saper et al., 

2005) and by motivational aspects (Rowley, 2006). However, the secondary wake 

drive can change within seconds (Johns, 2000). Overall, during automated driving, 

the secondary wake drive can determine whether drivers will fall asleep, depending 

on human behaviour and the type of input. The options of a driver-state related, a 

system-based and a preparation strategy are presented below. 

Driver-state related strategy 

A driver-state related strategy is used to minimise drivers’ drowsiness. Various 

drowsiness countermeasures during manual driving were intensively studied under 

certain conditions (e.g., Oron-Gilad et al., 2008; Davidsson, 2012; Gaspar et al., 

2017). Nevertheless, the possibilities for minimising drowsiness during a less 

automated drive are limited. However, during an AD, more motivating tasks can be 

offered, which help drivers to avoid falling asleep or at least extend the period in 

which drivers’ drowsiness state is acceptable. This consideration is supported by a 

study showing that the nature of non-driving related tasks may significantly 

influence participants’ drowsiness level (Jarosch et al., 2017). In addition, 

drowsiness did not further increase when a non-driving related task (quiz) was 

executed, whereas high levels of drowsiness were observed when participants did 

not have to execute any motivating non-driving related task (Schömig et al., 2015). 

However, the reactivation potential of various non-driving related tasks has not yet 

been sufficiently investigated. In addition, a driver-state related strategy should not 

be condescending to drivers by limiting them to a few specific non-driving related 

tasks during a longer AD. Further research is thus needed in order to investigate the 

reactivation potential of various non-driving related tasks when drivers are already 

experiencing drowsiness. This raises the question of how often and at which 

drowsiness level a reactivation would be useful and accepted by the users. 

Furthermore, it needs to be taken into account that measures against sleepiness are 

no longer effective at higher drowsiness levels, as they are no longer executed by 

drivers (Hargutt, 2002, p.196). Thus, the drowsiness management concept allows a 

single exceedance of a critical drowsiness level (DLx) accompanied by the offer of 

the driver-state related strategy. If this strategy fails and DLx is exceeded on one 

more occasion, driver’s drowsiness level is considered a system limit (see figure 2). 
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System-based strategy 

In contrast to the driver-state related strategy, which was intended to impact the 

driver’s drowsiness level, the system-based strategy is aimed at ensuring vehicle 

safety. If there is any uncertainty about whether a driver may safely retake control, 

the system can try to reach a service station in order to give the driver the chance to 

recover. In addition, the system might not perform lane changes any longer in order 

to be prepared, should a minimal risk condition need to be reached. The ways of 

achieving a minimal risk condition may differ, depending on the type of system 

failure (SAE, 2016): 

It may entail automatically bringing the vehicle to a stop within its current 

travel path, or it may entail a more extensive maneuver designed to remove 

the vehicle from an active lane of traffic and/or to automatically return the 

vehicle to a dispatching facility. (p. 9) 

A speed reduction could increase the time available for a take over and decrease the 

intensity of the deceleration if it is necessary to stop the vehicle. The adjustment of 

speed under consideration of a constant deceleration as a strategy was calculated and 

illustrated by Bahram et al. (2015). In addition, the system can return the driving 

task to the driver in order to avoid a further increase in driver drowsiness during the 

AD. Consequently, drivers would be responsible for driving the vehicle safely after 

the transition. However, such a sudden RtI might be unexpected and could lead to 

startled or surprised reactions. A preparation strategy might be appropriate to reduce 

unwanted driver reactions.  

Preparation strategy 

One preparation strategy aims at reducing surprise factors and at reactivating the 

driver as well as possible within a short period of time. Therefore, suitable driver-

state related and system-based options are performed simultaneously. This strategy 

is executed if the system limit is drowsiness and no other system limit (e.g., sensor 

failure) exists. For instance, drivers can obtain specific information on the current 

situation (such as speed limits) and they can also be asked to check the mirrors in 

order to obtain a sufficient overview of the situation before taking over control. 

Furthermore, additional system-based options should be performed to enhance 

overall safety. 

The findings and considerations reported were grouped into the following 

drowsiness management concept (see figure 2). In this concept Part A represents the 

technical system. Part B shows the developed state machine.  
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A drowsiness management concept in the context of automated driving 

Assumptions: Drivers are not yet allowed to sleep during an automated drive.

The usage of the system is limited to motorways.

Driver Monitoring System

(DMS)

Automated Driving System

(ADS)

Part A: Technical system

estimation of the current 

drowsiness level

responsible for the 

dynamic-driving task

Part B: State machine

driver-state related strategy

DLa = DLx
DLa > DLx

first time?
DLa ≥ DLx

system limit?

immanent reaction

necessary?

yes

yes

yes

no

no

no no

system is 

active?

driver is responsible 

for the dynamic-driving task

yes no

preparation 

strategy
DLa > DLx

request to intervene

driver regained control? MRM

take-over performance

system-based 

strategy

Du? 

sufficient take-over performance?

appropriate strategy

adaption of the strategies, the 

request-to intervene or of the 

DLx  

adaption of DLx

no

no

no

no

no

yes

yes

yes

yes

yes

DLa = actual drowsiness level

DLx = drowsiness level that should not be exceeded

Du   = driver is unresponsive  

Figure 2. Framework for a drowsiness management concept 
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  Method 

Sample 

The sample consisted of 31 employees of the AUDI AG (females: n = 12 and males: 

n = 19). On average, participants were 31 years (SD = 8) old. Data of one participant 

were excluded from the analysis due to constantly narrowed eyes, which made an 

assessment of the drowsiness level impossible. Data of another participant could not 

be used for the analysis of subjective assessments of the system-based strategy due 

to missing data. 

Test vehicle, test track, drowsiness generation and assessment 

A right-hand drive vehicle equipped with pedal and steering-wheel dummies (see 

figure 3) was used to simulate an AD in a real traffic environment. The study was 

conducted on the A9 autobahn in Germany from Lenting to the Nürnberg-Ost 

intersection and back again, representing a maximum test drive duration of 1h 

30 min. Participants were informed that the automated system was simulated by an 

investigator. During the test drive, a curtain separated and hid the driver 

(investigator) from the participant. The adaptive-cruise control and lane-keeping 

systems were not used during this study. The maximum speed was 130 km/h. In 

addition, lane changes were performed very cautiously. Participants were not able to 

intervene in the real driving process at any time.  

  

Figure 3. Test vehicle 

In order to generate drowsiness, participants were asked not to drink caffeinated 

beverages for 5 hours prior to the examination. Furthermore, relaxing music was 

played during the simulated AD. Participants were informed that they should avoid 

closing their eyes and falling asleep during the entire test drive. To assess 

participant’s drowsiness level, four cameras were integrated into the test vehicle and 

displayed on one screen at the back seat. Two investigators sitting in the rear 

assessed the participant’s drowsiness level every two minutes during the test drive. 

The observer rated sleepiness scale used was originally developed by Wierwille and 

Ellsworth (1994). For further information see also Weinbeer et al. (2017). 
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The test drive was completed when the end of the test route was reached or when 

participants had reached the highest drowsiness level on the Wierwille and Ellsworth 

scale (1994) and had performed subsequent response-time tasks. 

Purpose of the study and questionnaire 

This study aims to gain initial insights into the acceptance of various options of a 

driver-state related and of a system-based strategy. These different options are 

presented in tables 1 and 2. These collections are derived from different existing 

measures and supplemented by some of the options that are possible due to the 

vehicle automation. These were assessed on a five-point Likert Scale: 1 (strong 

support), 2 (some support), 3 (neither support nor rejection), 4 (some rejection) and 

5 (strong rejection). 

 

Table 1. Options of the driver-state related strategy 

Options of a driver-state related strategy (DSRS) 

“Imagine that your drowsiness level increases constantly during a highly-automated drive. In order to 

keep the system going as long as possible, your drowsiness level needs to be kept at a low level. Please 
rate how far you would support or reject the following adjustments.” 

DSRS-O1: The vehicle opens the window slightly in order to allow fresh air into the vehicle. 

DSRS-O2: The vehicle emits a scent to stimulate you. 

DSRS-O3: The vehicle increases the volume of the radio. 

DSRS-O4: The vehicle moves the seat into an upright position. 

DSRS-O5: The vehicle adjusts the interior lighting. 

DSRS-O6: 
The vehicle offers a specific selection of non-driving related tasks (for example a 

quiz) during the automated drive. 

 

Table 2. Options of the system-based strategy 

Options of a system-based strategy (SBS) 

“Imagine that your drowsiness level increases constantly during a highly-automated drive. In order to 

ensure your safety the system adapts at a certain drowsiness level. Please rate how far you 
would support or reject the following adjustments.” 

SBS-O1: 
The vehicle ceases to change lanes and drives on the right lane so that the vehicle can 

come to a safe stop on the hard shoulder should you fall asleep. 

SBS-O2: 
The vehicle hands the driving task back to you. After that the system will no longer 
be available. You take full responsibility for the subsequent drive without the system.  

SBS-O3: 
The vehicle drives to the next rest area. The system will be available again after a 

break, depending on your level of drowsiness.   

SBS-O4: 
The vehicle reduces the maximum speed to give you more time to take control in 

case of a request to intervene.  

SBS-O5: 
The vehicle drives without any adjustment. When it recognises that you have fallen 
asleep, it brakes, coming to a stop on the hard shoulder.  

SBS-O6: 
The vehicle drives without any adjustment. When it recognises that you have fallen 

asleep, it brakes, coming to a stop on the lane you are in. 
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In addition, evaluations were conducted into whether suffering drowsiness led to a 

change in the subjective assessment of the driver-state related and system-based 

strategies. These strategies and the 5-Point-Likert Scale were translated from 

German into English in order to present the results. The preparation strategy is not 

evaluated in this study as it represents a combination of the driver-state related and 

system-based strategy. Participants were also asked to declare the option that they 

would accept most from the driver-state related and system-based options. In 

addition, participants were asked to declare the most effective driver-state related 

option. 

The collections of the driver-state related (see table 1) and system-based options (see 

table 2) were assessed before (S1) and after the test drive (S2) (see table 3). 

Table 3. Experimental design 

Test procedure 
Subjective 

assessment 

RtI in dependence of the drowsiness level Subjective 

assessment DL 1 DL 4 DL 6 

Group A 

n = 16 
S1 

(before the 
test drive) 

Group A 

(DL1) 

Group A 

(DL4) 

Group A 

(DL6) 
S2 

(after the 
test drive) 

Group B 

n = 15 
x 

Group B 

(DL4) 

Group B 

(DL6) 

 

Furthermore, the effectiveness of the drowsiness manipulation procedure and the 

influence of different drowsiness levels on take-over-time aspects were assessed in 

this experimental setting. As the presentation of these results is beyond the scope of 

the present article, the results are reported in a separate paper (Weinbeer et al., 

2017). 

  Results 

Driver-state related strategy (DSRS) 

 

Figure 4. Subjective assessments of various options of a DSRS (M𝑒𝑎𝑛 ± 1𝑆𝐷) 

The mean values of the options assessed before and after the test drive are presented 

in table 4. After the test drive a targeted offer of non-driving related tasks (e.g., a 

quiz) received most support (see figure 4). Due to the multiple comparisons, the 

significane level was adjusted to p < .008. A Wilcoxon signed-rank test revealed no 
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significant differences between the ratings before and after the test drive for the 

options of a DSRS. 

When asked which type of option would be most widely accepted, DSRS-O6 was 

seen to be most popular, with 26% mentions before the test drive and 30% after it. 

Participants also assessed DSRS-O6 as the most effective option with 30% mentions 

before the test drive and 40% after it. These results are presented in tables 5 and 6. 

Table 4. Subjective assessment of various options of a driver-state related strategy 

N = 30 DSRS-O1 DSRS-O2 DSRS-O3 DSRS-O4 DSRS-O5 DSRS-O6 

Before the 

test drive 

M 2.93 3.27 2.90 2.23 1.97 2.43 

SD 1.46 1.11 1.21 1.28 1.13 1.46 

After the 
test drive 

M 2.73 3.40 2.60 2.23 2.23 2.00 
SD 1.46 1.19 1.16 1.07 1.17 1.20 

 z -1.90 -1.27 -1.70 -0.04 -2.14 -2.41 

 p-value .058 .206 .089 .971 .033 .016 

Table 5. Which driver-state related adjustment would you accept most? - Place 1 

N = 30 DSRS-O1 DSRS-O2 DSRS-O3 DSRS-O4 DSRS-O5 DSRS-O6 

Before the test drive 16.7% 6.7% 10.0% 20.0% 20.0% 26.7% 

after the test drive 16.7% 6.7% 13.3% 20.0% 13.3% 30.0% 

Table 6. Which kind of DSRS-O do you believe is most effective (most reactivating)?  

- Place 1  

N = 30 DSRS-O1 DSRS-O2 DSRS-O3 DSRS-O4 DSRS-O5 DSRS-O6 

Before the test drive 23.3% 0.0% 20.0% 20.0% 6.7% 30.0% 

after the test drive 33.3% 3.3% 6.7% 10.0% 6.7% 40.0% 

System-based strategy 

The mean ratings of the different options of a system-based strategy before and after 

the test drive are presented in table 7.  

 

 

Figure 5. Subjective assessment of various options for a SBS (Mean±1𝑆𝐷) 

After the test drive, SBS-O4 (reduction in maximum speed) was given most support, 

followed by SBS-O1 (no further lane changes and a move to the slow lane). The 

Wilcoxon signed-rank test revealed no significant difference between the ratings 

before and after the test drive for the options of a SBS (adjusted significance level 
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p < .008). SBS-O1 was most widely accepted with 37.9% mentions before the test 

drive and 31.0% afterwards. After the test drive, support for SBS-O4 and SBS-O3 

(rest area) was the same. These results are presented in table 8. 

Table 7. Subjective assessment of various options for a system-based strategy 

N = 29  SBS-O1 SBS-O2 SBS-O3 SBS-O4 SBS-O5 SBS-O6 

Before the 

test drive 

M 2.14 2.93 2.38 1.97 3.41 4.79 

SD 1.27 1.19 1.29 1.05 1.45 0.41 

After the 
test drive 

M 2.21 3.34 2.55 2.17 3.45 4.72 
SD 1.18 1.23 1.33 1.14 1.33 0.59 

 Z -0.25 -1.96 -0.79 -1.26 -0.18 -0.63 

 p-value .799 .049 .431 .207 .858 .527 

Table 8. Which kind of system-based adjustment would you accept most? - Place 1 

N = 29 SBS-O1 SBS-O2 SBS-O3 SBS-O4 SBS-O5 SBS-O6 

Before the test drive 37.9% 10.3% 17.2% 20.7% 13.8% 0.0% 
after the test drive 31.0% 10.3% 24.1% 24.1% 10.3% 0.0% 

 

Discussion and limitations 

Of the driver-state related options, DSRS-O4 (upright seat position), DSRS-O5 

(interior lighting) and DSRS-O6 (targeted offer of non-driving related tasks) 

received the most support (see table 4). The differences between these options were 

small when subjects were asked whether they support or reject these adaptions. 

However, when asked which of these options one would accept most, DSRS-O6 was 

mentioned most frequently (30%) and rated to be the most effective by 40% of the 

sample. Based on these results, it can be concluded that offering non-driving related 

tasks in order to provide the automated driving system as longs as possible would be 

widely accepted. However, further research is needed in order to investigate various 

non-driving related tasks and the effectiveness of these in reality.  

On average, SBS-O4 (reduction of the maximum speed) obtained most support at 

the end of the test drive (see table 7). However, when asked which of the system-

based options would be most widely accepted, SBS-O1 (no further lane changes and 

a move to the slow lane) was selected more frequently (31.0 %) than SBS-O4 

(24.1%). SBS-O3 (rest area and break) was also mentioned by 24.1% of the sample. 

The options SBS-O5 (vehicle comes to a stop on the hard shoulder if the driver falls 

asleep) and SBS-O6 (vehicle comes to a stop on the current lane if the driver falls 

asleep) were rejected by the majority of participants. However, it needs to be 

considered that the different system-based options also represent different levels of 

escalation. The present results show that higher levels of escalation were rejected by 

the majority of the participants representing the user perspective. However, the 

evaluation may be dependend on the point of view. For instance, the perspective of 

other road users (e.g., driver of the following vehicle) may differ from the users’ 

perspective regarding the appropriate system-based option. Therefore, further 

research should focus on the comparison of the different perspectives. In case of 

contradicting evaluations system developers face a dilemma: on the one hand, they 

must develop systems that are safe and accepted by users, on the other hand, they 

must develop automated driving systems that are safe and accepted by other road 
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users. Consequently, a holisitic view is needed for developing safe and accepted 

systems. 

As the assessment of the driver-state related and system-based options were very 

similar before and after the test drive, it can be assumed that experiencing 

drowsiness did not essentially influence the subjective ratings of the different 

options.  

The drowsiness management concept developed presents a framework for managing 

driver drowsiness during an AD. However, it must be borne in mind that this 

concept expects the DMS to be able to assess the drowsiness level consistently and 

reliably. Hence, it is necessary to take the performance of a DMS into account 

because an incorrect timing of the different strategies could lower their 

effectiveness. Further research is needed to derive the requirements for driver 

monitoring systems and to identify the critical drowsiness level. In addition, it is 

necessary to investigate whether (and to what extent) this critical drowsiness level 

differs between drivers. 

Conclusion 

In this article, a drowsiness management concept illustrates the relationship between 

a driver’s drowsiness level and possible strategies to deal with it. Subjective 

assessments revealed that a specific offer of non-driving-related tasks has the 

potential to be an accepted driver-state related option. However, further research is 

needed to investigate various non-driving related tasks and their real effectiveness. 

In the case of a system-based strategy, a reduction in maximum speed, an adjustment 

of driving behaviour (no further lane changes and driving on the slow lane) or a rest 

at a service station were rated highest. In contrast, a minimum risk manoeuvre that 

would stop the vehicle on the emergency or ego lane was rejected by the majority of 

participants. These results demonstrate that from a users’ perspective higher levels 

of escalation should be avoided. However, the perspective of other road users still 

remains unclear. Therefore, it needs to be investigated whether and to what extent 

this perspective differs compared to the users’ perspective. Further, the idea of a 

preparation strategy, the drowsiness management concept developed and the safety 

outcomes regarding the take-over and the subsequent driver performance for the 

strategies derived need to be assessed.  
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