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1. DROWSINESS AND DRIVING 
 

Under the effects of drowsiness, the ability to drive safely is seriously affected.  
 

Studies confirm that drowsiness impairs driving performance and driving ability, generating 
greater exposure to risky situations.  

 
Different studies indicate that behind many running-off-road collisions, numerous rear-ends or 
different types of distractions, there is a driver who had not rested sufficiently the night before, 
who was under the influence of certain sedative drugs or who suffered from a sleep disorder.  

 
Driving can be altered by drowsiness because it produces effects such as an increased 
reaction time to unexpected events in traffic, the appearance of microsleeps in which there is 
no perception of traffic, impairment of the senses, slower, more automated and less precise 
movements. All of this leads to a greater number of errors since the decisions taken while 
feeling drowsy tend to be erroneous and to less concentration as there are more distractions.  

 
In a situation of insufficient sleep, neurocognitive changes occur, including drowsiness, altered 
mood, and an increased risk of traffic accidents. It is estimated that people with chronic 
insomnia cause two and a half times more accidents than those who sleep well, so drowsiness 
is a major risk factor, with some of its causes being preventable (“Guide to sleep, fatigue and 
driving”, Fundación MAPFRE https://www.fundacionmapfre.org/educacion-divulgacion/seguro-
vial/movilidad-segura-salud/temas-conduccion-segura/enfermedades-neurologicas/sueno-
fatiga/).  
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There are numerous factors that influence this relationship, including driving time, conversation 
with the driver while driving, nightly working time or total rest period. The study of these 
variables leads to considering drowsiness as the largest identifiable and preventable cause of 
accidents in all modes of transportation.  

 
Recognizing the signs and symptoms caused by drowsiness will be of great help to achieve 
two objectives:  

 
o To understand why drowsiness is an important and dangerous risk factor. 

 o To recognize symptoms as soon as they begin to appear. 
 

It is important to highlight that the chronicity of drowsiness is not necessarily a risk factor in 
driving; a single night of mild sleep deprivation has negative consequences on driving 
performance and alertness, showing an impact on brain physiology in a way that reflects a 
reduced level of excitement. This means that sleep continuity and drowsiness may alter 
attention span, leaving sustained attention compromised.  

 
The prevalence of the behaviour suggests that there is a need to raise the level of awareness 
and knowledge about the problem, promote healthy sleep habits and encourage people at risk 
to evaluate underlying sleep disorders so as to prevent drowsy driving.  

 
References:  
 https://www.seguridadvialenlaempresa.com/blog/cuando-la-falta-de-sueno-se-convierte-en-un-

problema-para-la-seguridad-vial/  
 https://www.fundacionmapfre.org/educacion-divulgacion/seguridad-vial/movilidad-segura-

salud/temas-conduccion-segura/enfermedades-neurologicas/sueno-fatiga/ 



2. DROWSINESS AND ACCIDENT RATE 
 
The concurrent factors of fatigue or sleep while driving, according to 2021 data, were present 
in 77 fatal accidents of the 1,153 considered, that is, in 7% of fatal accidents on all roads during 
2021. In 2022 it was 8%.  
 
Table 1. Accidents with the tiredness or drowsiness concurrent factor present while driving 

Evolution in 2021-2022 
Year  Interurban roads  All roads  
2021  7% casualty accidents  3% casualty accidents 

9% fatal accidents  7% fatal accidents  
2022  9% casualty accidents  3% casualty accidents 

11% fatal accidents  8% fatal accidents  
 
The typical accident related to drowsiness while driving is a run-off collision/collision 
with fixed elements or a stationary vehicle, on motorways, in the early morning, with no 
marks, with visibility, without passengers, and without other concurrent factors.  
 
Regarding the perception of accident risk, studies suggest that there is a lack of awareness 
about the functioning of the circadian cycle that promotes increased sleepiness in the evening 
and early morning. However, they show a correct assessment of the danger associated with 
long-distance driving and driver drowsiness.  
 
In some countries, measures such as the implementation of safe and comfortable rest areas 
or rumble strips in work zones and in areas with high frequency of drowsy driving accidents 
are already being developed to reduce accidents.  
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3. DROWSINESS AND SLEEP APNEA SYNDROME  
 
Sleep apnea is often associated with a chronic condition, with changes from light to very light 
sleep occurring over time when breathing pauses or becomes shallow. This leads to a 
worsening of the driving activity that may be similar to that caused by alcohol consumption or 
sleep deprivation.  
 
Drivers with sleep apnea may be fit to drive as the risk of road accidents in individuals 
diagnosed with sleep apnea-hipoapnea syndrome not only depends on the diagnosis of the 
disease but also varies depending on various parameters that will determine fitness to drive. 
In Spain, this requires an individual assessment of the driver at Driver Check Centres and, 
consequently, makes it necessary for their personnel to thoroughly understand the impact of 
the disease on the individual before issuing the report on their physical and mental fitness.  
 
Annex IV to the General Regulations on Drivers (RD 818/2009), amended by RD 1055/2015, 
establishes that in order to obtain or renew their driving licence, drivers diagnosed with sleep 
apnea-hipoapnea syndrome must hand over a report by the Sleep Unit to the Driver Check 
Centre, which will serve as support for issuing the final report on their fitness to drive. The 
purpose of the report by the Sleep Unit is to inform the doctor at the Driver Check Centre of 
the details of the diagnosis, the clinical manifestations of the disease (mainly drowsiness) and 
the effectiveness of the treatment in order to assess its impact on driving and to be able to 
issue a report regarding the interested party's fitness to drive. The need to submit this report 
to the Driver Check Centre, either when obtaining the licence or when renewing it, must be 
known by both the patient and the doctors at these units, since failure to submit this document 
at the time of renewal of the licence means that the process is interrupted until the interested 
party provides it, with the consequent personal and professional damage that this situation can 
cause to the driver.  



Continued efforts are needed to identify and treat people with sleep apnea-hipoapnea 
syndrome, as they are more likely to fall asleep or have a traffic accident. This is a an extremely 
topical field of research, as numerous studies have sought to determine physiological 
measures such as eye blinking to identify drowsiness in patients with obstructive sleep apnea.  

 
4. DROWSINESS AND PROFILE OF THE DRIVER 

 
Studies conducted to observe and address specific risks in certain groups have made it 
possible to identify several crash patterns related to drowsy driving, for example, fatigue-
related crashes on urban curves in the afternoon among middle-aged women, during rainy 
conditions among men, or by lorries in industrial areas.  

 
Regarding the driver profile, there are personal and work-related factors that determine the 
onset of fatigue. At work level, for example, long working hours, driving after midnight, bus 
drivers working in shifts and lorry drivers with contracts with productivity benefits. At a personal 
level, research shows that young people may increase their readiness to drive drowsy because 
they minimize the risks of their driving, fail to recognize their own drowsy state or situations in 
which their safety may be compromised, and overestimate their ability to drive safely.  

 
Given these specific risks, the evaluation of a drowsy driving advisory system has also been 
studied, which would reduce road accidents when combined with rest area facilities. It has 
been proven that blinking, jerking, or looking away from the road predict microsleep and could 
therefore be a warning to avoid running off the road. These measures should be 
complementary to increased education about the dangers of drowsy driving, as increasing 
personal awareness of the signs of fatigue would benefit road safety and compliance with 
maximum driving distances. The prevalence, according to  

6  random sample surveys, is 54.6% of drivers with experience in drowsy driving in the last year, 
22.6% have fallen asleep without an accident, 2.8% have suffered an accident due to falling 
asleep and 1.9% have suffered an accident due to drowsiness (T. McCartt, A. Ribner, I. Pack, 
C. Hammer, 1996).  

 
From the analysis carried out by DGT, taking the Database of Driver Check Centres, whose 
records are obtained from examinations of drivers according to criteria 7.2 (Sleep disorders) 
and 10.6 (non-respiratory sleep disorder) of ANNEX IV "Mental and physical condition required 
to obtain or extend the validity of the driving license or permit, also described in the Medical-
Psychological Exploration Protocol for Driver Check Centres 2022, the following results have 
been obtained regarding the number of medical reports:  



Table 2. Medical reports DCC Evolution during 2019-2022  
 
  Group 1  Group 2  
 
 

Year  

 
Medical 

reports DCC  

 
Sleeping 
disorders 

(7.2)  

Non-
respiratory 

sleeping 
disorders 

(10.6)  

Sleeping 
disorders 

(7.2) 

Non-
respiratory 

sleeping 
disorders 

(10.6)  

2019  By type       15,734            1,332     2,229             68  
Total  3,147,635  316,116  

2020  By type   

  

          1,414        2,460             75  
Total  3,538,640  346,237  

2021  By type   

  

          1,744     2,625             82  
Total  3,897,860  391,411  

2022  By type   

  

          1,799        2,741             79  
Total  3,908,008  375,867  

 
 

Table 3. Medical reports DCC Distribution by age. Years 2019 to 2022  
 

Group 1  Group 2  
 
GROUP_AGE  

Sleeping 
disorders 

(7.2)  

Non-
respiratory 

sleeping 
disorders 

(10.6)  

Sleeping 
disorders 

(7.2) 

Non-
respiratory 

sleeping 
disorders 

(10.6)  
16 YEARS                              2 

 
  

17 YEARS                             3 
 

                              1 
 

  

BETWEEN 18 
AND 24 
YEARS  

 
49  

 
64  

 
3  

 

BETWEEN 25 
AND 34 
YEARS  

 
439  

 
110  

 
76  

 
6  

BETWEEN 35 
AND 44 
YEARS  

 
2,735  

 
326  

 
851  

 
40  

BETWEEN 45 
AND 54 
YEARS  

 
8,304  

 
647  

 
3,499  

 
97  

BETWEEN 55 
AND 64 
YEARS  

 
16,189  

 
1,268  

 
4,611  

 
124  

BETWEEN 65 
AND 74 
YEARS  

 
25,819  

 
1,867  

 
926  

 
34  

BETWEEN 75 
AND 84 
YEARS  

 
15,973  

 
1,648  

 
87  

 
3  

BETWEEN 85 
AND 94 
YEARS  

 
1,744  

 
352  

 
2  

 

> 95 YEARS   1   2    
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Group 1  Group 2  
Licence  Sleeping 

disorders 
(7.2) 

Non-respiratory 
sleeping 
disorders 
(10.6)  

Sleeping 
disorders 

(7.2)  

Non-
respiratory 

sleeping 
disorders 

  A   129      13    
A1   7  1    
A2   170     13    
AM   316    43    

AML       1     
B     64,694   5,817    

B96   6     
C       2,176    88  
C1        56  1  
D       610      21  
D1     2   
EB   5,927   404    
EC    2,610   75  
EC1        22   
ED    4,562   120  
ED1    15      1  
LCM   1     
LVA     1     

 

Table 4. Medical reports DCC Distribution by gender. Years 2019 to 2022  
 

 Group 1  Group 2  
 

GENDER  
Sleeping 
disorders 

(7.2) 

Non-
respiratory 

sleeping 
disorders 

  

Sleeping 
disorders 

(7.2) 

Non-
respiratory 

sleeping 
disorders 

  Female   7,293   2,382   110   18  
Male   63,958   3,910  9,944   287 

 
 

Table 5. Medical reports DCC Distribution by licence. Years 2019 to 2022  
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Note: Group 1. AM, A1, A2, A, B, B+E and LCC  
 
 
 

More research is needed into the influence of demographic characteristics such as age, gender 
or place of residence on drowsy driving behaviours, attitude and control of the perceived 
behaviour.  

 
According to the results of the international ESRA1 and ESRA2 surveys, there are no 
perceived differences between the results of drivers in Spain and in other countries.  
 



Table 6. International surveys ESRA  
 
 
 
 
 
 

COUNTRY/REGION  

 
 

ESRA 1 (2015-2017): 
the last 12 months  

ESRA 2 
(2018-2020): 
the last 30 

days  
 

You have realized that 
you were too tired to 

drive  

 
You have stopped and 
taken a break because 
you were too tired to 

drive  

 
You drove 

when you were 
so sleepy that 

you had trouble 
keeping your 

eyes open 

SPAIN  66% 86% 20.7% 

EUROPE AVERAGE1
 

60%  84%  19.7%  

LATAM AVERAGE2
 

67%    

NORTH AMERICA 
AVERAGE3

  21.9%  

ASIA AND 
OCEANIA 
AVERAGE4

 
23.4%  

AFRICA AVERAGE5
 

24.6%  

ESRA AVERAGE6
 

62%    
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5. DROWSINESS AND TRAFFIC INFRASTRUCTURE 
 
In the same way as it is necessary to dedicate research and measures to raise drivers' 
awareness on the dangers of driving and improve technology for the use of detectors, it is also 
necessary to analyse traffic infrastructure to minimize drowsiness while driving.  
 
In this area, Korea is the country that has most extensively evaluated the effectiveness of 
additional rest areas by comparing the frequency of accidents before and after their installation. 
These are small areas that provide a space for drivers to take a break and have already proved 
to be effective on the Korean highway system. More widespread is the use of rumble strips or 
bumps on road markings, measures already used in Spain that also contribute to reducing 
fatigue.  
 
 
6. DROWSINESS IN PROFESSIONAL TRANSPORT 
 
Behind a part of the accidents involving commercial vehicles, drivers had kept driving with 
symptoms of drowsiness.  
 
A professional driver spends most of their working day behind the wheel. When you are drowsy, 
the likelihood of being involved in an accident run high. Due to the prevalence of sleep 
disorders in the working population and the relative risk of being involved in work-related traffic 
accidents due to fatigue, we can estimate that the burden of work-related road traffic accidents 
resulting from sleep disorders is 10% of such accidents. 



Therefore, legal regulation of driving time and rest periods in commercial transport is of vital 
importance to road safety. This regulation is the guarantee that the safety of workers and all of 
us is properly protected.  

 
The regulations in force in our country establish minimum standards that are related to greater 
safety for professional drivers and, by extension, for all users of public roads. It is important to 
highlight the importance of not exceeding the time spent driving and the need to properly 
respect rest periods.  

 
Reference: https://app.mapfre.com/ccm/content/documentos/fundacion/seg-vial/investigacion/son3.pdf  

 
7. STUDY METHODOLOGY OF DROWSINESS WHILE DRIVING 

 
To conclude that traffic accidents caused by drowsiness can be reduced with the 
implementation of drowsy driving technology, effective and feasible study methodologies are 
needed. The most common are the use of recording and measuring physiological values while 
driving, such as blink duration, drowsiness induction during a monotonous driving task in a 
simulator, or the assessment of the metrics of differences in the direction of movement of the 
vehicle.  

 
At technological level, it is now possible to create an automatic method to detect the onset of 
drowsiness while driving, capable of detecting changes in the EEG, generating a preventive 
and safe system. Furthermore, a recent study confirms that simple measures such as an 
auditory-visual coffee cup icon in the vehicle can reduce the frequency of lane departures due 
to drowsiness or fatigue in the context of relatively short trips.  

 
10 8. SCIENTIFIC STUDIES ON DROWSINESS WHILE DRIVING 
 

Driver drowsiness is a significant risk factor contributing to numerous traffic accidents 
worldwide. When a driver feels drowsy while driving, their attention span, reaction time, and 
decision-making are compromised, dramatically increasing the danger on the road. Faced with 
this problem, scientific research plays a crucial role in preventing accidents caused by driver 
drowsiness.  

 
Scientific research in this field focuses on understanding the underlying mechanisms of 
drowsiness while driving, as well as on developing effective strategies to prevent it and rely on 
technology to do so. The field of research is vast, ranging from aspects such as sleep 
deprivation, sleep disorders, work schedules and other factors that may affect a person's ability 
to stay alert while driving to the development of technological mechanisms to detect 
drowsiness. A thorough understanding of the trigger factors of drowsiness provides a solid 
basis for approaching the problem from different angles.  

 
Scientific research has shown that there is a need for driver awareness about the dangers of 
drowsiness and the importance of having sufficient rest before getting behind the wheel. Studies 
have been conducted that show how the lack of sleep or poor sleep quality adversely affect 
driving skills. These findings are used to develop subsequent awareness campaigns and 
educational programmes that highlight the importance of good sleep hygiene and emphasize 
recognition of signs of being fatigued while driving.  

 
In addition, scientific research is also actively contributing to the development of advanced 
technologies that can detect and prevent drowsiness while driving. For example, drowsiness 
warning systems have been developed that monitor the driver's driving patterns and eye 
movements to detect signs of fatigue. These systems can emit audible alerts or vibrations to 
wake up the driver and prevent a potential accident. More sophisticated driver assistance 
systems are being researched and developed that can automatically intervene if drowsiness is 
detected, such as speed reduction or steering assistance.

https://app.mapfre.com/ccm/content/documentos/fundacion/seg-vial/investigacion/son3.pdf


Another important aspect of scientific research in this field is the exploration of non-
technological interventions to prevent drowsiness while driving. This includes studies on the 
effectiveness of short naps during breaks on journeys, exposure to bright light, and other 
approaches to improving alertness while driving. These investigations allow us to identify 
practical and effective strategies that can be implemented at an individual level and also in the 
workplace, where driver drowsiness is a common problem among professionals who spend 
long hours driving.  
 
Scientific research is therefore essential to prevent traffic accidents caused by driver 
drowsiness by better understanding the triggers of drowsiness, developing advanced 
technologies, and promoting non-technological interventions that contribute to taking effective 
measures to prevent and reduce accident rate.  
 
Below are scientific articles that reference the latest research studies in the field of 
drowsiness and driving.  
 
 
9. SCIENTIFIC ARTICLES ON DROWSINESS AND DRIVING 
 
The articles featured in this document consider or include an analysis of the direct impact of 
drowsiness on driving.  
 
9.1. Sources used in bibliographic searches  
To prepare this document, an in-depth keyword search was conducted for all articles published
 11
in the following scientific journals that refer to electric mobility and road safety.  
 

 HOGREFE 
o PUBLICATION: EUROPEAN JOURNAL OF PSYCHOLOGICAL ASSESSMENT 

 EDITOR: HOGREFE 
 

 TAYLOR & FRANCIS 
o PUBLICATION: TRAFFIC INJURY PREVENTION – ONLINE 

 EDITOR: TAYLOR & FRANCIS 
 

 BMJ PUBLISHING GROUP 
o PUBLICATION: INJURY PREVENTION-ON LINE 

 EDITOR: BMJ PUBLISHING GROUP 
 

 ALCOHOL RESEARCH DOCUMENTATION 
o PUBLICATION: JOURNAL OF STUDIES ON ALCOHOL AND DRUGS – ONLINE 

 EDITOR: ALCOHOL RESEARCH DOCUMENTATION 
 

 SPRINGER SCIENCE 
o PUBLICATION: TRANSPORTATION –NE-ONLINE-ENHANCED ACCESS 

 EDITOR: SPRINGER SCIENCE BUS MEDIA BV 
 

 ELSEVIER SCIENCE 
o PUBLICATIONS: 
o ACCIDENT ANALYSIS & PREVENTION – ONLINE 
o TRANSPORTATION RESEARCH - PART A - POLICY & PRACTICE



o TRANSPORTATION RESEARCH - PART F - PSYCHOLOGY AND BEHAVIOUR 
o JOURNAL OF SAFETY RESEARCH 
o SAFETY SCIENCE 

 
 

o  MATERIALS TODAY: PROCEEDINGS 
o  JOURNAL OF INTELLIGENT TRANSPORTATION SYSTEMS 
o  IISE TRANSACTIONS ON OCCUPATIONAL ERGONOMICS AND HUMAN FACTORS 

 COMPUTER METHODS IN BIOMECHANICS AND BIOMEDICAL ENGINEERING 
o  NATURE AND SCIENCE OF SLEEP 
o  CANADIAN JOURNAL OF RESPIRATORY, CRITICAL CARE, AND SLEEP MEDICINE 

 PHYSIOLOGY & BEHAVIOR 
o  GEOCARTO INTERNATIONAL 
o  INTERNATIONAL JOURNAL OF HUMAN–COMPUTER INTERACTION 

 PRAXIS 
o BIOMEDICAL SIGNAL PROCESSING AND CONTROL 

 INTERNATIONAL JOURNAL OF NURSING STUDIES 
o  INTERNATIONAL JOURNAL OF INJURY CONTROL AND SAFETY PROMOTION 

 NEUROERGONOMICS 
o  THE JOURNAL OF PEDIATRICS  
o IFAC-PAPERSONLINE 
o  DATA IN BRIEF 
o  THEORETICAL ISSUES IN ERGONOMICS SCIENCE 

 CONNECTION SCIENCE 
o  JOURNAL OF TRANSPORTATION SAFETY & SECURITY  
o SLEEP HEALTH 

  SYSTEMS SCIENCE & CONTROL 
ENGINEERING  NEUROPSYCHOLOGICAL 
REHABILITATION 

o KNOWLEDGE-BASED 
SYSTEMS  

o PROCEDIA 
MANUFACTURING 

o  JOURNAL OF MEDICAL ENGINEERING & 
TECHNOLOGY  PROCEDIA COMPUTER SCIENCE 

o  NUTRITIONAL NEUROSCIENCE 
 SLEEP MEDICINE 

o  BEHAVIORAL SLEEP MEDICINE 
o ERGONOMICS 
o  TRANSPORTATION HUMAN FACTORS 

 CHRONOBIOLOGY INTERNATIONAL 
o  TRANSPORTATION RESEARCH INTERDISCIPLINARY PERSPECTIVES 

 ANNALS OF EMERGENCY MEDICINE 
o  INTERNATIONAL JOURNAL OF INDUSTRIAL ERGONOMICS 
o  OPTOMETRY - JOURNAL OF THE AMERICAN OPTOMETRIC ASSOCIATION 

 JOURNAL OF ALLERGY AND CLINICAL IMMUNOLOGY 
o  PERSONALITY AND INDIVIDUAL DIFFERENCES 

 JSAE REVIEW 
o  INTERNATIONAL JOURNAL OF TRAUMA NURSING 

 
 
 

9.2. Articles related to the study of the drowsiness process  
 

The process by which a driver falls asleep is complex and depends on a variety of factors. 
Aspects such as temperature, previous rest, physical condition, eating habits, etc., influence the 
drowsiness process and are being studied. 



Below are the articles from the studies found on this subject.  
 
 
 

Title of the 
article  Authors  Journal  Year  URL  Subject  Conclusions  

Analysis of 
the effect of 
thermal 
comfort on 
driver 
drowsiness 
progress 
with 
Predicted 
Mean Vote: 
An 
experiment 
using real 
highway 
driving 
conditions  

Mika 
Sunagawa, 
Shin-
ichiShikii, 
Aryel Beck, 
Khai Jun 
Kek, 
Mototaka 
Yoshioka,  

ELSEVIER 
SCIENCE 
- 
ELSEVIER 
SCIENCE 
- 
Transporta
tion 
Research 
Part F: 
Traffic 
Psycholog
y and 
Behaviour  

2023  link The Predicted Mean 
Vote (PMV), an indicator 
of personal thermal 
environment, is used in 
drowsiness prediction to 
address individual 
differences.  

The results show that drivers 
were sleepier in the slightly 
warmer conditions (PMV + 
0,2) and barely sleepy in both 
the cooler and warmer 
conditions after 15 minutes of 
driving.  

Driving 
simulator 
experiments 
to study 
drowsiness: 
A systematic 
review  

António 
Couto, 
Sara 
Ferreira, 
Sónia 
Soares  

TAYLOR 
& 
FRANCIS 
Traffic 
Injury 
Prevention  

2020  link Systematic review of 
the international 
literature, including 
studies on driving 
behaviour associated 
with drowsy and 
fatigued drivers.  

 Drowsiness and fatigue 
impair driving performance, 
resulting in drivers being more 
exposed to risky situations.  

Deriving 
heart rate 
variability 
indices 
from 
cardiac 
monitoring-
An 
indicator of 
driver 
sleepiness  

Anna 
Anund, 
Bengt Arne 
Sjöqvist, 
Ruben 
Buendia, 
Stefan 
Candefjord, 
Fabio 
Forcolin, 
Johan 
Karlsson  

TAYLOR 
& 
FRANCIS 
Traffic 
Injury 
Prevention  

2019  link Cardiac monitoring study 
and heart rate variability 
(HRV) analysis for early 
and accurate detection 
of driver drowsiness.  

The results show clear 
relationships between HRV 
indices and perceived 
drowsiness. Therefore, HRV 
analysis is promising for the 
detection of driver 
drowsiness.  

Comparison 
of outlier 
heartbeat 
identification 
and spectral 
transformati
on 
strategies 
for deriving 
heart rate 
variability 
indices for 
drivers at 
different 
stages of 
sleepiness  

Anna 
Anund, 
Ruben 
Buendia, 
Stefan 
Candefjord, 
Fabio 
Forcolin, 
Johan 
Karlsson, 
Bengt Arne 
Sjöqvist  

TAYLOR 
& 
FRANCIS 
Traffic 
Injury 
Prevention  

2018  link The objective of this 
study is to evaluate the 
agreement between 
standard preprocessing 
methods for cardiac 
monitoring data used to 
detect atypical 
heartbeats and perform 
spectral transformation, 
in relation to the 
estimation of HRV 
indices for drivers at 
different stages of 
drowsiness.  

The standard preprocessing 
methods for HRV data for 
detecting outlier heartbeats 
and the spectral 
transformation show low 
levels of agreement.  

Caffeine 
reduces 
the impact 
of 
drowsines
s on 
driving 
errors  

E. Aidman, 
K. Johnson, 
G.M. Paech, 
C. Della 
Vedova, M. 
Pajcin, C. 
Grant, G. 
Kamimori, E. 
Mitchelson, 
B.L. Hoggan, 
J. Fidock, S. 
Banks,  

ELSEVIER 
SCIENCE 
- 
Transporta
tion 
Research 
Part F: 
Traffic 
Psycholog
y and 
Behaviour  

2018  link The study examined the 
moderating effect of 
caffeine administered 
via repeated doses of 
chewing gum on the 
well-established 
relationship between 
drowsiness and driving 
performance under 
conditions of cumulative 
sleep loss.  

Strategically timed, repeating 
doses of 200 mg of caffeine 
administered via chewing 
gum can mitigate fatigue-
induced impairments in 
driving performance not only 
by reducing drowsiness but 
also by significantly 
weakening its impact on 
driving errors.  
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https://doi.org/10.1016/j.trf.2023.03.009
https://doi.org/10.1080/15389588.2019.1706088
https://doi.org/10.1080/15389588.2018.1548766
https://doi.org/10.1080/15389588.2017.1393073
https://doi.org/10.1016/j.trf.2018.01.008


On-demand 
driver 
vigilance 
enhanceme
nt without 
explicit 
drowsiness 
detection-
Further 
analysis of 
the pilot 
study results  

Shane 
Chang, 
Dean P 
Chiang, 
Brad K 
Hagoski, R 
Michael van 
Auken  

TAYLOR 
& 
FRANCIS 
Traffic 
Injury 
Prevention  

2017  link  The objective of this 
pilot study was to 
develop methods to test 
this hypothesis, the 
results of which could 
lead to further 
refinement of the 
hypothesis and 
methods, with the 
ultimate goal of 
developing new active 
safety concepts that 
exploit the endogenous 
mechanisms for 
processing the driver’s 
psycho-sensory pain.  

This limited pilot study 
observed that pain threshold 
may or may not initially 
decrease as originally 
hypothesized depending on 
the participant, but then it 
increases as one becomes 
more drowsy.  

Can 
variations in 
visual 
behaviour 
measures 
be good 
predictors 
of driver 
sleepiness? 
A real 
driving test 
study  

Han Bai, 
Yonggang 
Wang, 
Mengyang 
Xin, 
Yangdong 
Zhao  

TAYLOR 
& 
FRANCIS 
Traffic 
Injury 
Prevention  

2017  link The primary purpose of 
this study was to 
examine the association 
between the variations in 
visual behaviour 
measures and the 
subjective drowsiness 
levels across age groups 
over time to determine a 
quantitative method for 
measuring the 
drowsiness levels in 
drivers.  

Driving time significantly 
affects drivers' drowsiness, 
so the amount of continuous 
driving time should be strictly 
controlled.  

Predicting 
drowsy 
driving in 
real-time 
situations: 
Using an 
advanced 
driving 
simulator, 
accelerated 
failure time 
model, and 
virtual 
location-
based 
services  

Junhua 
Wang, 
Shuaiyi Sun, 
Shouen 
Fang, Ting 
Fu, Joshua 
Stipancic,  

ELSEVIE
R 
SCIENCE 
- Accident 
Analysis & 
Preventio
n  

2017  link The study used an 
advanced driving 
simulator to investigate 
the impact of different 
factors on drowsy 
driving time.  

This paper presents a hazard-
based duration model, the 
Accelerated Failure Time 
Model, to estimate drowsy 
driving time based on virtual 
LBS (location based-services) 
and demographic data.  

Slow eyelid 
closure as a 
measure of 
driver 
drowsiness 
and its 
relationship 
to 
performance  

Rodney J 
Croft, Luke 
A Downey, 
Amie C 
Hayley, 
Mark E 
Howard, 
Melinda L 
Jackson, 
Gerard A 
Kennedy, 
Susan Raj  

TAYLOR 
& 
FRANCIS 
Traffic 
Injury 
Prevention  

2016  link This study aimed to 
determine whether 
changes in eyelid 
closure are evident after 
acute sleep deprivation 
as assessed by an 
automated device and 
how ocular parameters 
relate to performance 
after sleep deprivation.  

Automated ocular 
measurement appears to be 
an effective means of 
detecting impairment due to 
sleep loss in the laboratory.  

Identification 
of common 
features of 
vehicle 
motion 
under 
drowsy/distr
acted 
driving: A 
case study 
in Wuhan, 
China  

Zhijun Chen, 
Chaozhong 
Wu, Ming 
Zhong, 
NengchaoLyu , 
Zhen Huang,  

ELSEVIER 
SCIENCE - 
Accident 
Analysis & 
Prevention  

2015  link  The objective of this 
study is to extract 
common features to 
identify 
drowsy/distracted 
driving through a set of 
common parameters 
with the vehicle in 
motion.  

In the field of driving 
behaviour, the majority of 
previous studies focus on a 
single particular type of drowsy 
or distracted driving. However, 
the common characteristics of 
drowsy/distracted driving have 
not been analysed.  
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Short and 
long sleep 
duration 
and risk of 
drowsy 
driving and 
the role of 
subjective 
sleep 
insufficiency  

Querino 
Maia, 
Michael A. 
Grandner, 
James 
Findley, 
Indira 
Gurubhagav
at ula,  

ELSEVIER 
SCIENCE - 
Accident 
Analysis & 
Prevention  

2013  link  The objective of the 
present study was to 
evaluate whether 
individuals in the 
general population who 
obtained 6 h or less of 
sleep are more likely to 
report drowsy driving 
and to assess the role 
of perceived sleep 
sufficiency.  

"Very short" and "short" sleep 
durations, defined as ≤5 and 6 
h, respectively, were 
associated with drowsy driving 
in both the main and adjusted 
analyses. Those who slept 
very little were 3.6 to 3.8 times 
more likely to report this than 
those who slept 7 hours, and 
those who slept little were 1.9 
to 2.0 times more likely.  

An 
investigation 
of the effect 
of sleepiness, 
drowsy 
driving, and 
lifestyle on 
vehicle 
crashes  

Charalambo
s Gnardellis, 
Georgia 
Tzamalouka
, Maria 
Papadakaki, 
Joannes El. 
Chliaoutakis 

ELSEVIER 
SCIENCE - 
ELSEVIER 
SCIENCE - 
Transportati
on 
Research 
Part F: 
Traffic 
Psychology 
and 
Behaviour  

2008  link The current study 
investigated the impact 
of lifestyle and sleep-
related factors on the 
likelihood of motor 
vehicle crash 
involvement in a country 
lacking good data on 
crash and driver history.  

Road safety campaigns 
should target drivers prone to 
drowsiness. The role of 
lifestyle in driving behaviour 
needs to be further explored.  

Fatigued 
and drowsy 
driving: A 
survey of 
attitudes, 
opinions 
and 
behaviours  

Ward 
Vanlaar, 
Herb 
Simpson, 
Dan 
Mayhew, 
Robyn 
Robertson,  

ELSEVIE
R 
SCIENCE 
- Journal 
of Safety 
Research  

2008  link The purpose of this 
study was to obtain 
information on 
attitudes, opinions, 
and practices 
related to fatigued 
or drowsy driving.  

The prevalence of the 
behaviour, together with the 
ineffective prevention 
measures favoured by the 
public, suggests that there is 
a need to increase their level 
of awareness and knowledge 
about the problem.  

Sleepiness 
Among Night-
Time Drivers: 
Relationship to 
Blood Alcohol 
Concentration 
and Other 
Factors  

Douglas J 
Beirness, 
Peter J 
Cooper, 
Ming Fang, 
R Jean 
Wilson  

TAYLOR 
& 
FRANCIS 
Traffic 
Injury 
Prevention  

2006  link The study aimed to 
explore the distribution 
and correlates of 
subjective drowsiness 
among the general night 
driving population.  

A substantial proportion of 
night drivers drive while feeling 
drowsy, especially late at night 
and early in the morning. The 
combination of alcohol and 
drowsiness aggravates 
impairment in experimental 
studies and deserves greater 
attention in crash risk studies 
and as a topic of public 
education and awareness.  

Insufficient 
sleep and 
fitness to 
drive in 
shift 
workers a 
systematic 
literature 
review 
protocol  

Melissa 
Knott, 
Sherrilene 
Classen, 
Sarah 
Krasniuk, 
Marisa 
Tippett, 
Liliana 
Alvarez  

BMJ – 
Injury 
prevention 

2018  link  A Systematic Literature 
Review (SLR) protocol is 
established to analyse 
and synthesize the level 
of evidence and 
confidence in the 
determinants of driving 
fitness and driving 
performance among shift 
workers with insufficient 
sleep.  

This SLR contributes to the 
research evidence examining 
the impact of sleep deprivation 
and drowsiness of the driver 
on driving fitness and driving 
performance. Analysing the 
level of evidence and 
confidence in the existing 
literature will promote 
evidence-based prevention 
strategies and critical 
decision-making to mitigate 
the adverse effects of sleep 
deprivation so as to improve 
road safety.  

The EEG 
correlates 
and 
dangerous 
behavioural 
consequenc
es of drowsy 
driving after 
a single 
night of mild 
sleep 
deprivation  

A. Gibbings, 
L.B. Ray, S. 
Gagnon, 
C.A. Collin, 
R. Robillard, 
S.M. Fogel  

Physiology  
& 
Behaviour  

2022  link The behavioural, 
cognitive, and electro-
physiological impact of 
mild and acute sleep 
loss is investigated 
through behavioural and 
electro-physiological 
monitoring measures 
recorded simultaneously 
during a simulated "real-
world" driving task.  

The findings of this study 
suggest that a single night of 
mild sleep loss has significant 
negative consequences on 
driving performance and 
monitoring, and a clear impact 
on brain physiology in a 
manner that reflects reduced 
excitement.  
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Schläfrigkeit am 
Steuer: 
begrifflicheGrun
dlagenzurBeurt
eilungderFahrei
gnung- 
Drowsiness at 
the wheel: 
conceptual 
basis for 
assessing 
fitness to drive  

Stefan 
Lakämper  

Praxis  2021  link With the aim of improving clarity for expert opinions, but 
also for future research projects, a compendium of 
essential terms is presented and a more selective use is 
proposed.  

Chapter 13 - 
Drowsiness 
Detection 
During a 
Driving Task 
Using fNIRS  

Rayyan A. 
Khan, 
Noman 
Naseer, 
Muhamma
d J. Khan,  

Neuro- 
ergonomics  

2019  link This chapter presents a 
functional near-infrared 
spectroscopy study to 
differentiate between 
drowsy and active 
states in drivers.  

The results demonstrate the 
suitability of the proposed 
method for detecting 
drowsiness with minimal 
delay, thus adding another 
attribute to driver safety.  

Driving when 
distracted and 
sleepy: The 
effect of phone 
and passenger 
conversations 
on driving 
performance  

Thomas 
G Kontou, 
Raymond 
W 
Matthews, 
Anjum 
Naweed, 
Gregory 
D Roach, 
Charli 
Sargent  

Chronobiology 
International  

2018  link This study investigates 
the effect of telephone 
and passenger 
conversations on sleep-
restricted driving.  

While no significant effect of 
distraction on lane departure 
was established, there was an 
indication that having a phone 
conversation or talking to 
passengers may have 
detrimental effects on driving 
performance when driving 
drowsy in the afternoon and 
therefore warrants further 
investigation.  

Research on 
Drowsy-driving 
Monitoring and 
Warning 
System Based 
on Multi-
feature 
Comprehensiv
e Evaluation  

Zhipeng 
Ma, 
Shuwan 
Yao, Jian 
Zhao, 
Jingjiu 
Qian, Jun 
Su, 
Jingshua
ng Dai,  

IFAC-
Papers 
OnLine  

2018  link Based on the theory of 
comprehensive 
assessment, this paper 
proposes a driving 
fatigue assessment 
programme that 
combines the four 
indicators of eye 
movement, 
electromyogram (EMG), 
electrocardiogram (ECG) 
and grip strength.  

The fatigue alarm algorithm 
and its corresponding system 
are designed, and their 
performance is verified 
through testing.  

Synchronized 
drowsiness 
monitoring and 
simulated 
driving 
performance 
data under 50-
hr sleep 
deprivation: A 
double- 
blind placebo-
controlled 
caffeine 
intervention  

E. 
Aidman, 
K. 
Johnson, 
B.L. 
Hoggan, 
J. Fidock, 
G.M. 
Paech, 
C.B. Della 
Vedova, 
M. Pajcin, 
C. Grant, 
G. 
Kamimori, 
E. 
Mitchelson
, S. 

  

Data 
in 
Brief  

2018  link Study on the influence 
of caffeine ingestion on 
drowsiness and driving.  

The question of how these 
relationships might change 
under various intervention 
conditions (caffeine in our 
case) seems to merit further 
investigation.  
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Sleep 
characteristics 
associated with 
drowsy driving  

Jun-Sang 
Sunwoo, 
Young 
Hwangbo, 
Won-Joo 
Kim, Min 
Kyung Chu, 
Chang-Ho 
Yun, Kwang 
Ik Yang,  

Sleep 
Medicine  

2017  link The objective of this 
study was to evaluate 
sleep characteristics 
associated with drowsy 
driving in an adult 
population.  

Excessive daytime sleepiness, 
depression, habitual snoring 
and perception of insufficient 
sleep were sleep-related risk 
factors for drowsy driving. In 
addition to maintaining healthy 
sleep habits, people at high 
risk should be encouraged to 
be evaluated for underlying 
sleep disorders or psychiatric 
problems to prevent drowsy 
driving.  

Driver's 
drowsiness 
detection 
using an 
enhanced 
image 
processing 
technique 
inspired by 
the human 
visual 
system  

Yaser 
Baleghi, 
Reza 
Ghaderi, 
Hedyeh A 
Kholerdi, 
NimaTaheri
N ejad  

Connectio
n Science  

2016  link Using image processing 
techniques, driver 
drowsiness could be 
detected and such 
incidents could therefore 
be prevented. This work, 
inspired by how images 
are processed by the 
human visual system, 
suggests an 
improvement for the 
detection of driver 
drowsiness.  

The test results show that, 
using the proposed system, 
the success rate of the 
drowsiness detection system 
is 90%.  

Sleep-
deprived 
motor 
vehicle 
operators 
are unfit to 
drive: a 
multidisciplin
ary expert 
consensus 
statement 
on drowsy 
driving  

Charles A. 
Czeisler, 
Emerson M. 
Wickwire, 
Laura K. 
Barger, 
William C. 
Dement, 
Karen 
Gamble, 
Natalie 
Hartenbaum, 
Maurice M. 
Ohayon, 
Rafael 
Pelayo, 
Barbara 
Phillips, 
Kingman 
Strohl, Brian 
Tefft, Shantha 
M.W. 
Rajaratnam, 
Raman 
Malhotra, 
Kaitlyn 
Whiton, Max 
Hirshkowitz,  

Sleep 
Health  

2016  link This article presents the 
consensus findings of 
the Working Group on 
Drowsy Driving 
Consensus of the 
National Sleep 
Foundation, a panel of 
experts convened to 
establish a consensus 
statement regarding 
sleep-related driving 
impairment.  

There is consensus among 
experts that healthy 
individuals who have slept for 
2 hours or less in the previous 
24 hours are too impaired to 
safely operate a motor 
vehicle. Preventing drowsy 
driving will require a 
sustained, collaborative effort 
from multiple stakeholders.  

Attention 
following 
traumatic 
brain injury: 
Neuropsych
ological and 
driving 
simulator 
data, and 
association 
with sleep, 
sleepiness, 
and fatigue  

Simon 
Beaulieu-
Bonneau, 
Émilie 
Fortier-
Brochu, 
Hans Ivers, 
Charles M 
Morin  

Neuropsychol
ogical 
Rehabilitatio
n  

2015  link The objectives of this 
study were to compare 
individuals with 
traumatic brain injury 
(TBI) and healthy 
controls on 
neuropsychological 
tests of attention and 
driving simulation 
performance, and to 
explore their 
relationships with the 
characteristics of the 
participants, the sleep, 
the drowsiness and the 
fatigue.  

No significant relationship was 
found between cognitive 
performance and fatigue. 
These findings add to existing 
evidence that information 
processing speed is still 
impaired several years after 
suffering a moderate to severe 
TBI. Sustained attention could 
also be compromised. 
Attention appears to be 
associated with sleep 
continuity and daytime 
sleepiness; this interaction 
needs to be further explored.  
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An EEG-
based 
perceptual 
function 
integration 
network for 
application 
to drowsy 
driving  

Chun-Hsiang 
Chuang, 
Chih-Sheng 
Huang, Li-
Wei Ko, 
Chin-Teng 
Lin,  

Knowledge
-Based 
Systems  

2015  link This study proposed a 
perceptual feature 
integration system that 
used spectral features 
from multiple 
independent brain 
sources for application 
to recognize the 
driver’s vigilance state.  

In this study, the proposed 
integration network was 
designed based on the ideal 
of the multiple classifier 
system to integrate different 
brain sources for classifying 
the vigilance state. This 
system contained five 
baseline classifiers trained 
from five brain sources that 
had different physiological 
characteristics and meanings 
in response to changes in 
driving performance and 
cognitive status.  

The 
Interaction 
Between 
Highly 
Automated 
Driving and 
the 
Development 
of 
Drowsiness.  

Nadja 
Schömig, 
Volker 
Hargutt, 
Alexandra 
Neukum, 
Ina 
Petermann-
Stock, Ina 
Othersen,  

Procedia 
Manufacturing  

2015  link Analysis of the 
influence of highly 
automated driving on 
the driver's condition.  

During the phases with the 
highly automated system 
active and the additional test 
task, drowsiness remained at 
a low level and kept constant 
throughout the test phase. 
This implies that an interesting 
and motivating secondary task 
has the potential to 
significantly increase the 
driver alertness, especially 
during highly automated 
driving.  

Drowsy 
Driving 
Detection 
by EEG 
Analysis 
Using 
Wavelet 
Transform 
and K-
means 
Clustering  

Nikita 
Gurudath, 
H. Bryan 
Riley,  

Procedia 
Computer 
Science  

2014  link This research aims to 
develop a monitoring 
system for driver 
drowsiness by 
analysing 
electroencephalographi
c (EEG) signals in a 
software environment 
and using a driving 
simulator.  

The algorithm developed in 
this work has been tested on 
twelve samples from the 
Physionetsleep-EDF 
database.  

Caffeine 
withdrawal, 
sleepiness, 
and driving 
performanc
e: What 
does the 
research 
really tell 
us?  

Susan V 
Heatherley  

Nutritional 
Neuroscience  

2013  link Studies have found that 
caffeine can improve 
performance on 
monitoring tasks and in 
driving simulators 
under normal sleep 
conditions and after 
sleep restriction or 
deprivation. However, 
there is growing 
evidence that these 
beneficial effects of 
caffeine are due to 
withdrawal reversal.  

Additional research studies 
using designs to control 
caffeine withdrawal are 
needed, and therefore, 
advice given to the public 
regarding the use of caffeine 
as an antidote to fatigue and 
performance impairment 
should be revised.  

Driving 
drowsy 
also 
worsens 
driver 
distraction  

Clare 
Anderson, 
James A. 
Horne,  

Sleep 
Medicine  

2013  link Research is being 
conducted with drowsy 
drivers by subjecting 
them to realistic 
monotonous driving 
conditions to see if 
distraction was more 
evident when they were 
drowsy.  

After restricted sleep, drivers 
were more likely to be 
distracted, which was 
associated with a higher 
likelihood of poor driving 
performance, as evidenced by 
cars leaving the driving lane.  
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Employme
nt and 
Drowsy 
Driving: A 
Survey of 
American 
Workers  

J Todd 
Arnedt, 
Christopher 
Drake, 
Leslie M 
Swanson  

Behavioral
Sleep 
Medicine  

2012  link This study examined 
employment correlates 
(specifically, hours 
worked per week and shift 
work) and rates of 
reported drowsy driving, 
falling asleep while 
driving, and traffic 
crashes due to 
drowsiness.  

Rates of falling asleep at the 
wheel were higher among shift 
workers with symptoms of 
insomnia or excessive 
sleepiness in relation to day 
labourers and shift workers 
without sleep complaints (p ≤ 
.05).  

Sound 
exposure as 
a measure 
against 
driver 
drowsiness  

A ASTROM, 
K ENGLUND, 
U 
LANDSTRO 
M, B 
NORDSTRO 
M  

Ergonomics  2010  link Exposure to sounds was 
correlated with 
improvements in 
immediate and 
recognized long-term 
changes in wakefulness.  

The results of the study show 
consistently positive 
evaluations of the wake-up 
system used, both in terms of 
the system as a measure for 
increased wakefulness, 
increased road safety, and 
interest in having the system 
installed in the vehicle. The 
sounds of wakefulness were in 
no way bothersome.  

Sleepiness 
in long 
distance 
truck 
driving: an 
ambulatory 
EEG study 
of night 
driving  

GÖRAN 
KECKLUND, 
TORBJÖRN 
ÅKERSTEDT  

Ergonomics  2010  link Study conducted with 
drivers to measure 
drowsiness levels 
based on work shifts.  

A regression analysis showed 
that the total work hours and 
the total rest time predicted 
66% of the variance in alpha 
burst activity during the end of 
the unit.  

Lessons 
About 
Sleepines
s and 
Driving 
from the 
Selby Rail 
Disaster 
Case: R v 
Gary Neil 
Hart  

C B Jones, 
S M W 
Rajaratna
m  

Chronobiology 
International  

2009  link Analysis of a specific 
case of a drowsiness 
accident (railway 
accident).  

Drowsiness is now considered 
the largest identifiable and 
preventable cause of 
accidents across all modes of 
transport.  

1073 
Correlation 
between 
drowsiness 
and driving 
impairment 
following 
treatment 
with first 
and second 
generation 
anti-
histamines  

George 
Woodworth, 
Thomas W 
Baker, John 
M Weiler,  

Journal of 
Allergy and 
Clinical 
Immunology  

2000  link Driving analysis with a 
group of drowsy drivers.  

There was no correlation 
between drowsiness and 
following the preceding vehicle. 
The minimum following 
distance was slightly more than 
one meter in the sleepiest 
group. Steering instability 
increased slightly in the 
sleepier group. There were 
about two more left lane 
crossings per journey in the 
sleepier group. Only one in five 
collisions occurred in the 
sleepier group.  

Predicting 
drowsiness 
accidents 
from 
personal 
attributes, 
eye blinks 
and ongoing 
driving 
behaviour  

Willem 
B 
Verwey, 
David M 
Zaidel,  

Personality 
and 
individual 
differences  

2000  link In the present study, 
drowsiness is linked to 
critical driving events 
(road and lane 
departure errors in the 
context of simulated 
driving) using 
sleepiness indicators.  

Initial analyses indicated that 
the present study was 
adequate for predicting poor 
driving caused by drowsiness. 
Our participants had 
approximately as much 
experience with drowsy driving 
as reported in other studies, 
and the majority of the 
dependent measures were 
affected in the expected 
directions.  
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Title of 
the 
article  

Authors  Journal  Year  URL  Subject  Conclusions  

Crash risk 
perception of 
sleepy driving 
and its 
comparisons 
with drink 
driving and 
speeding:  
Which 
behaviour is 
perceived as 
the riskiest?  

KerryA 
Armstrong, 
Patricia L 
Obst, Simon S 
Smith, 
Christopher N 
Watling  

TAYLOR & 
FRANCIS Traffic 
Injury Prevention  

2016  link The objective of this study 
was to compare the 
perception of accident risk 
associated with drowsy 
driving, driving under the 
influence of alcohol, and 
speeding.  

The results suggest a 
lack of appreciation for 
the functioning of the 
circadian rhythm, 
particularly the 
descending phase of 
the circadian rhythm 
that promotes 
increased sleepiness 
in the evening and 
early morning. 
However, the results 
suggested an 
appreciation of the 
danger associated 
with long-distance 
driving and driver 
drowsiness.  

Freeway 
crashes 
involving 
drowsy driving: 
Crash 
characteristics 
and severity in 
South Korea  

Sungyop Kim, 
Cheol Oh  

Journal of 
Transportation 
Safety & Security  

2019  link This study examined driver, 
vehicle, road, weather, and 
temporal characteristics 
associated with drowsy 
driving crashes in South 
Korea.  

It is essential to 
implement road safety 
measures, such as 
rumble strips, in work 
zones and areas with 
a high incidence of 
drowsy driving 
accidents, as well as 
safe and cosy rest 
areas to prevent 
drowsy driving.  

 

9.3. Articles related to accident rate  
 

The fatal outcome after drowsiness while driving can be a traffic accident. Analysing sleep-
related accidents can be very helpful in certain areas, such as infrastructure.  

 
Below are the articles from the studies found on this subject.  
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9.4. Articles related to the sleep apnea syndrome  
 
Obstructive sleep apnea syndrome (OSAS) is characterised, among other symptoms, by 
repeated obstruction of the upper airways. It has a significant impact on sleep, disrupting it and 
preventing adequate rest. Driving while tired or fatigued can be a risk.  

 
Below are the articles from the studies found on this subject.  

 
Title of 
the 
article  

Authors  Journal  Year  URL  Subject  Conclusions  

Body Mass 
Index (BMI) 
as a First-
Line 
Screening 
Criterion for 
Detection of 
Excessive 
Daytime 
Sleepiness 
Among 
Professional 
Drivers  

YaronDagan, 
Julia T Doljansky, 
Amit Green, Ada 
Weiner  

TAYLOR & 
FRANCIS 
Traffic Injury 
Prevention  

2006  link The present study examined 
the interrelationship between 
BMI, the degree of OSAS, 
measured with the 
Respiratory Distress Index 
(RDI), and the degree of 
EDS, measured with the 
mean sleep onset latency in 
the Multiple Sleep Latency 
Test (MSLT) among obese 
professional drivers (BMI ≥ 
32).  

Obese drivers with a 
BMI over 32 are 
very likely to 
experience daytime 
sleepiness. Their 
subjective reports of 
OSAS or fatigue 
symptoms are 
unreliable. 
Therefore, it is 
highly 
recommended to 
easily examine them 
by weight and height 
measurement for 
further examination 
of their sleep and a 
decision on their 
driving skills.  

Driving 
consequenc
es of 
sleepiness 
in 
Canadians 
with 
obstructive 
sleep apnea: 
A population 
survey  

F Almeida, NT 
Ayas, N Bansback, 
JA Chiu, M 
Fenton, N Huynh, 
SR Pendharkar, M 
Povitz, D Ratycz  

Canadian 
Journal of 
Respiratory, 
Critical Care, 
and Sleep 
Medicine  

2022  link Anonymous survey, which 
asked about experiences 
with OSAS, including the 
impact of OSAS on driving.  

Falling asleep or 
crashing while 
driving is still 
common among 
people with OSAS. 
This supports 
ongoing efforts to 
identify and treat 
affected individuals.  

Eye blink 
parameters 
to indicate 
drowsiness 
during 
naturalistic 
driving in 
participants 
with 
obstructive 
sleep 
apnea: A 
pilot study  

Jennifer M. Cori, 
Sophie Turner, 
Justine Westlake, 
Aqsa Naqvi, 
Suzanne Ftouni, 
Vanessa 
Wilkinson, Andrew 
Vakulin, Fergal J. 
O'Donoghue, Mark 
E. Howard,  

Sleep Health  2021  link To determine whether 
continuous eye blink 
measurements could 
identify sleepiness in 
patients with obstructive 
sleep apnea (OSA) during a 
week of naturalistic driving.  

Patients with OSAS 
were sleepier than 
people in healthy 
control groups 
according to some 
continuous 
measures of real-
time ocular 
sleepiness. The 
findings of this pilot 
study suggest that 
eye blink measures 
may be useful for 
assessing driving 
fitness in patients 
with OSAS. Future 
work should 
evaluate larger 
samples, as well as 
the relationship of 
eye blink measures 
to the conventional 
fitness to promote 
assessments and 
the risk of being 
involved in an 
accident.  
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Title of the article  Authors  Journal  Year  URL  Subject  Conclusions  

Understanding the 
drowsy driving 
crash patterns from 
correspondence 
regression analysis.  

M. Ashifur 
Rahman, 
Subasish Das, 
Xiaoduan Sun,  

ELSEVIER 
SCIENCE  
–  
Journal of 
Safety 
Research  

2023  link This study used 5 
years (2015–2019) 
of crash data and 
performed analysis 
using the 
correspondence 
regression analysis 
method to identify 
key collective 
attribute 
associations in 
drowsy driving-
related crashes 
and interpretable 
patterns based on 
injury levels.  

Several drowsy 
driving-related 
crash patterns 
were identified 
across crash 
groups: afternoon 
fatigue crashes by 
middle-aged 
women on multi-
lane urban curves, 
crossover crashes 
by young drivers 
on low-speed 
roads, crashes by 
male drivers during 
dark rainy 
conditions, van 
crashes in 
manufacturing/indu
strial areas, night-
time crashes in 
commercial and 
residential districts, 
and heavy truck 
crashes on 
elevated curves.  

Sleep-impaired 
emotional regulation, 
impaired cognition, 
and poor sleep 
health are 
associated with risky 
sleepy driving in 
young adults.  

Lauren M 
Shaw, 
Christopher N 
Watling, 
Hanna Watling  

TAYLOR & 
FRANCIS 
Traffic 
Injury 
Prevention  

2020  link The current study 
examined the 
relationships 
between 
sleepiness 
experiences, sleep 
time and stability, 
emotional 
regulation with 
sleep problems, 
and cognition with 
sleep problems.  

Different variables 
were associated 
with the 2 risky 
driving behaviours, 
suggesting 
different underlying 
factors. Sleep-
impaired emotional 
regulation and/or 
sleep-impaired 
cognition could be 
used to indicate 
drivers that they 
are affected by 
sleepiness.  

9.5. Articles related to the analysis of samples from users  
 

The vast majority of experimental studies on drowsiness processes while driving are carried 
out using different tests or tests on population samples.  

 
These types of studies allow us to establish hypotheses or patterns of behaviour that can be 
used as a reference for future studies.  

 
In particular, these types of studies are carried out with very defined groups (groups of workers, 
age ranges, risk profiles), which allow for the observation of very specific risks that can be 
addressed (for example, by the prevention department in a company).  

 
Below are the articles from the studies found on this subject.  
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Drowsiness and 
distraction while 
driving: A study 
based on smartphone 
app data  

Sónia Soares, 
Sara Ferreira, 
António Couto,  

ELSEVIER 
SCIENCE  
–  
Journal of 
Safety 
Research  

2020  link The study explores 
retrospective data 
collected by an 
application 
designed to 
monitor drivers, 
which is available 
to any driver with a 
smartphone.  

The study shows 
that the data 
collected by an 
app has the 
potential to 
contribute to 
research into 
sleepiness and 
distraction.  

Exploring differences 
between self-report 
and 
electrophysiological 
indices of drowsy 
driving: A usability 
examination of a 
personal brain-
computer interface 
device  

Jerone Dunbar, 
Juan E. Gilbert, 
Ben Lewis,  

ELSEVIER 
SCIENCE  
–  
Journal of 
Safety 
Research  

2020  link This work aims to 
establish a 
mechanism for 
predicting drowsy 
driving using data 
acquired from a 
BCI (brain-
computer 
interface device), 
and to examine 
the differences 
between self-
report and 
electrophysiologic
al data. 

Neither subjective 
nor 
electrophysiologic
al measures 
differed between 
individuals who 
showed overt 
signs of 
sleepiness 
(prolonged eye 
closure) during 
the journey. 
However, the 
estimates of 
directionality and 
effect size 
provided by the 
BCI device 
suggested the 
practicality and 
feasibility of its 
future 
implementation in 
vehicle safety 
systems.  

Safety evaluation of 
drowsy driving 
advisory system: 
Alabama case study  

Moynur Rahman, 
Min-Wook Kang,  

ELSEVIER 
SCIENCE  
–  
Journal of 
Safety 
Research  

2020  link  This study 
discusses the 
roles, features, 
and safety 
evaluation of a 
drowsy driving 
advisory (DDA) 
system 
implemented on 
rural interstate 
highways in 
Alabama.  

The DDA system 
could significantly 
reduce both total 
and drowsy driving 
accidents when it 
cooperates with a 
rest area facility.  

The detection of 
drowsiness 
using a driver 
monitoring 
system.  

John Gaspar, 
Thomas Miller, 
Chris Schwarz, 
Reza Yousefian  

TAYLOR & 
FRANCIS 
Traffic 
Injury 
Prevention  

2019  link Drowsy driving is 
examined in a 
driving simulator 
and the ability of 
a driver 
monitoring 
system (DMS) to 
detect drowsy 
driving is 
evaluated.  

Blinks have been 
shown to predict 
microsleeps; 
however, 
detection of 
microsleeps and 
lane departures 
may occur too 
late.  
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Working conditions 
and sleepiness while 
driving among truck 
drivers  

Maira Sayuri 
SakaiBortoletto, 
EdmarlonGirotto, 
Alberto Durán 
González, Camilo 
Molino Guidoni, 
Arthur Eumann 
Mesas, Tiago 
Severo Peixe, 
Selma Maffei de 
Andrade  

TAYLOR & 
FRANCIS 
Traffic 
Injury 
Prevention  

2019  link Truck drivers were 
interviewed and 
completed a self-
administered 
questionnaire to 
collect data on 
sociodemographic 
and behavioural 
variables, working 
conditions, 
consumption of 
illicit psychoactive 
substances, and 
sleep patterns.  

The distance 
covered and a 
formal employment 
contract with 
productivity-based 
earnings were the 
working conditions 
associated with 
drowsiness while 
driving, regardless 
of other 
occupational or 
behavioural 
characteristics, 
age, illicit 
substance use, 
and sleep duration.  

Sleepy driving and 
risk of obstructive 
sleep apnea among 
truck drivers in 
Saudi Arabia  

Emad A Al-
Osaimi, 
Mohammed D 
Alahmari, Talal M 
Alanazi, Aljohara 
S Almeneessier, 
Saad Alrabeeah, 
Ahmed S 
BaHammam, Ahil 
A Batawi, 
Zechariah 
J b k  A d 

TAYLOR & 
FRANCIS 
Traffic 
Injury 
Prevention  

2019  link The objective of 
this study is to 
identify the role of 
working conditions 
as predictors of 
drowsiness while 
driving among 
truck drivers.  

Drowsy driving 
and a high risk of 
OSAS were 
prevalent among 
the study 
population of male 
truck drivers in 
Saudi Arabia.  

Continuous 
monitoring of visual 
distraction and 
drowsiness in shift-
workers during 
naturalistic driving  

Jonny Kuo, 
Michael G. Lenné, 
Megan Mulhall, 
Tracey Sletten, 
Clare Anderson, 
Mark Howard, 
Shantha 
Rajaratnam, 
Michelle Magee, 
Allison Collins,  

ELSEVIER 
SCIENCE - Safety 
Science  

2019   link This study aimed 
to examine the 
behavioural and 
physiological 
signals associated 
with visual 
distraction in real-
world driving 
through a world 
pioneer application 
of a real-time driver 
monitoring system.  

It was observed 
that off-road 
glancing 
increased 
significantly with 
drowsiness.  

Effects of scheduled 
manual driving on 
drowsiness and 
response to take over 
request: A simulator 
study towards 
understanding drivers 
in automated driving  

Yanbin Wu, Ken 
Kihara, Yuji 
Takeda, Toshihisa 
Sato, Motoyuki 
Akamatsu, Satoshi 
Kitazaki,  

ELSEVIER 
SCIENCE 
Accident Analysis 
& Prevention  

2019  link This driving 
simulator study 
investigates the 
effects of 
programmed 
manual driving on 
driver drowsiness 
and performance, 
as well as 
differences in the 
age of drivers.  

Driver drowsiness 
decreases 
significantly when 
programmed 
manual driving 
begins, but the 10-
minute period of 
programmed 
manual driving can 
only relieve 
drowsiness for a 
very short time (4-6 
minutes).  
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Mediational impact of 
perceived risk on 
drowsy driving 
intention and 
willingness in 
university students  

Clark J. Lee, 
Kenneth H. Beck,  

ELSEVIER 
SCIENCE  
–  
Transportation 
Research Part 
F: Traffic 
Psychology and 
Behaviour  

2019  link . Regression 
analyses and Sobel 
tests revealed that 
perceived risk of 
drowsy driving 
partially mediates 
the relationship 
between perceived 
behavioural control 
and willingness to 
engage in drowsy 
driving: greater 
perceived control 
over drowsy driving 
behaviour 
decreases the 
perceived risk of 
drowsy driving, 
which in turn 
increases the 
willingness to 
engage in drowsy 
driving behaviour.  

The reported 
findings of this 
study are 
consistent with 
recent qualitative 
research indicating 
that many 
American college 
students are willing 
to drive drowsy in 
part because they 
minimize the 
personal and legal 
risks of drowsy 
driving, fail to 
recognize when 
they are in a 
drowsy state and 
unable to drive 
safely, and 
overestimate their 
ability to drive 
safely even when 
they know they are 
drowsy.  

Prediction of 
drowsiness events 
in night shift 
workers during 
morning driving  

Yulan Liang, 
William J. Horrey, 
Mark E. Howard, 
Michael L. Lee, 
Clare Anderson, 
Michael S. 
Shreeve, Conor S. 
O’Brien, Charles A. 
Czeisler,  

ELSEVIER 
SCIENCE 
Accident Analysis 
& Prevention  

2019  link The primary 
objective of this 
study is to build 
and evaluate 
predictive models 
for drowsiness 
events occurring 
during commuting 
trips in the 
morning using a 
variety of 
physiological and 
performance data 
collected in a real-
life driving 
scenario.  

This study found 
that the 
physiological data 
on drivers were 
predictive of driver 
drowsiness (lane 
crossing events 
and microsleep) 
during real-life 
vehicle driving in 
an at-risk driver 
population (i.e., 
night shift 
workers).  

Drowsiness and 
driving performance 
on commuter trips  

Carlo 
Caponecchia, 
Ann Williamson  

ELSEVIER 
SCIENCE  
 Journal of 
Safety 
Research  

2018  link This study 
examined the 
effects of mild 
sleep deprivation 
on driving 
performance in 
simulated driving 
tasks in the 
morning and 
evening.  

The results 
showed that 
participants 
reported feeling 
sleepier in the 
afternoon, and 
performance 
problems 
(increased lane 
deviations) were 
more evident in 
the morning for 
those with sleep 
deprivation.  

From partial and 
high automation to 
manual driving: 
Relationship 
between non-
driving related 
tasks, drowsiness 
and take-over 
performance  

Frederik Naujoks, 
Simon Höfling, 
Christian 
Purucker, Kathrin 
Zeeb,  

ELSEVIER 
SCIENCE 
Accident Analysis 
& Prevention  

2018  link It analyses 
whether 
participation in 
non-driving tasks 
will impair or 
improve 
performance.  

Despite fairly long 
automated driving, 
drowsiness 
remained at a 
relatively low level, 
presumably as a 
result of stimulating 
interactions with the 
smartphone.  
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The on-road 
experiences and 
awareness of 
sleepiness in a 
sample of Australian 
highway drivers: A 
roadside driver 
sleepiness study  

Kerry A 
Armstrong, Simon 
S Smith, 
Christopher N 
Watling, Adrian 
Wilson  

TAYLOR & 
FRANCIS 
Traffic 
Injury 
Prevention  

2015  link This study sought 
to determine 
drivers' 
experiences of 
drowsiness on the 
road, their previous 
sleep habits, and 
their personal 
awareness of signs 
of drowsiness.  

The results 
suggest that 
participants had 
moderate 
experiences of 
drowsy driving and 
many were aware 
of the signs of 
drowsiness. The 
relationship 
between long-
distance driving 
and increased 
sleep debt is a 
road safety 
concern. Greater 
education about 
the dangers of 
drowsy driving 
seems warranted.  

Sleepiness and 
Motor Vehicle 
Crashes in a 
Representative 
Sample of 
Portuguese Drivers: 
The Importance of 
Epidemiological 
Representative 
Surveys  

M Gonçalves, 
Christian 
Guilleminault, J 
Monteiro Ferreira, 
A R Peralta  

TAYLOR & 
FRANCIS 
Traffic 
Injury 
Prevention  

2015  link The objective of 
this study is to 
determine the 
prevalence of 
sleepiness-related 
motor vehicle 
crashes, near 
misses, and non-
fatal accidents in a 
representative 
sample of 
Portuguese drivers.  

Portugal has lower 
reported incidence 
of drowsy driving 
and sleep-related 
near misses than 
most of the other 
countries with 
available 
epidemiological 
data. Different 
characteristics of 
the population and 
cultural, social, and 
road safety 
specificities may 
be involved in 
these 
discrepancies. 
Despite this, 
Portuguese drivers 
report sleep-
related accidents 
at similar 
frequencies to 
drivers in other 
countries.  

Real-time driver 
drowsiness 
feedback improves 
driver alertness 
and self-reported 
driving 
performance  

Eugene Aidman, 
Carolyn 
Chadunow, Kayla 
Johnson, John 
Reece,  

ELSEVIER 
SCIENCE 
Accident Analysis 
& Prevention  

2015  link The study 
examined the 
effects of real-time 
blink rate-derived 
sleepiness 
feedback on driver 
performance and 
alertness levels in a 
military setting.  

Both the number of 
JDS (Johns 
Sleepiness Scale) 
peaks counted for 
each journey and 
their duration 
decreased in the 
presence of 
sleepiness 
feedback, 
indicating a 
dynamic pattern 
that is consistent 
with a genuine, 
entropy-reducing 
feedback 
mechanism (as 
opposed to random 
real-alertness) 
behind the 
observed effect.  
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Excessive 
Sleepiness 
Prevalence in Public 
Transportation 
Drivers of a 
Developing Country  

Alan Juarez, Hever 
Kruger, Alejandro 
Mariños, Mariana 
Ramos, Jorge 
Risco, Paulo Ruiz, 
Frine Salmavides, 
Johann Vega, 
Darwin Vizcarra  

TAYLOR & 
FRANCIS 
Traffic 
Injury 
Prevention  

2013  link To determine the 
prevalence of 
excessive 
sleepiness (ES) in 
bus and 
autorickshaw 
drivers in Lima, 
Peru.  

The prevalence of 
CE among public 
transport drivers in 
Lima is in the 
middle range, as 
suggested by 
previous regional 
studies.  

Prevalence of 
sleepiness while 
driving four-wheel 
motor vehicles in Fiji: 
a population-based 
survey (TRIP 9)  

Josephine 
Herman, Shanthi N 
Ameratunga, Iris 
Wainiqol2, Berlin 
Kafoa, Elizabeth 
Robinson, Eddie 
McCaig, Rod 
Jackson  

BMJ – Injury 
Prevention  

2013  link Sleepiness has 
been shown to be a 
risk factor for road 
traffic accidents in 
high-income 
countries, but has 
received little 
attention in low- 
and middle-income 
countries. The 
prevalence of 
sleepiness and 
sleep-related 
disorders among 
four-wheeled motor 
vehicle drivers in 
Fiji is analysed.  

Driving without 
being fully alert is 
relatively common 
in Fiji. Drowsiness 
while driving can 
be a major 
contributor to road 
traffic injuries in 
this and other low- 
and middle-income 
countries.  

Teen driver crash 
risk and 
associations with 
smoking and 
drowsy driving  

Lauren Hutchens, 
Teresa M. 
Senserrick, Patrick 
E. Jamieson, Dan 
Romer, Flaura K. 
Winston,  

ELSEVIER 
SCIENCE 
Accident Analysis 
& Prevention  

2008  link The objective of 
this study was to 
identify the risk 
factor profiles of 
adolescent and 
young adult drivers 
involved in 
accidents.  

Apart from the 
duration of the 
licence, only 
driving alone while 
feeling drowsy and 
being a current 
smoker were 
associated with 
having been 
involved in an 
accident. Gaining 
a better 
understanding of 
these behaviours 
could improve the 
development of 
more tailored 
interventions for 
new drivers.  

The scope and nature 
of the drowsy driving 
problem in New York 
state  

Anne T. McCartt, 
Stephen A. 
Ribner, Allan I. 
Pack, Mark C. 
Hammer,  

ELSEVIER 
SCIENCE 
Accident Analysis 
& Prevention  

1996  link Telephone survey 
of a random 
sample of New 
York State licensed 
drivers to 
determine the 
prevalence and 
circumstances of 
drowsy driving.  

According to the 
survey responses, 
54.6% of drivers 
had driven drowsy 
in the past year; 
22.6% had fallen 
asleep at the 
wheel sometime 
without having a 
crash, 2.8% had 
crashed sometime 
while falling 
asleep, and 1.9% 
had crashed while 
driving while 
feeling drowsy.  
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Comparative analysis 
of drowsiness and 
performance in 
conditionally 
automated driving 
and manual driving 
considering the effect 
of circadian rhythm  

Sara Ferreira, 
Chaozhong Wu, 
Hui Zhang, Qi 
Zhang  

Journal of 
Intelligent 
Transportation 
Systems  

2022  link Simulator study 
with 30 participants 
(ten subjects each 
in the morning 
group, afternoon 
group, and evening 
group) to 
investigate the 
effect of the 
circadian rhythm 
on changes in 
sleepiness and 
driver performance 
in different driving 
modes.  

The result of KSS 
statistical analysis 
showed that the 
effect of the 
circadian rhythm 
on fatigue in DM 
groups is 
consistent with 
previous studies, 
but the existence 
of CAD changes 
the effect of the 
circadian rhythm. 
Compared with 
DM, CAD slowed 
the growth rate of 
sleepiness in the 
morning group and 
promoted the 
growth rate of 
sleepiness in the 
afternoon group. 
Brake entry rate, 
mean length 
acceleration, 
maximum standard 
deviation of lane 
position (SDLP), 
and time to pass 
(TTP) were 
significantly related 
to driver 
drowsiness in both 
driving modes.  

The Effects of 
Drowsiness 
Detection 
Technology and 
Education on Nurses' 
Beliefs and Attitudes 
toward Drowsy 
Driving  

Anthony D 
McDonald, 
Farzan 
Sasangohar, Alec 
Smith, Karim 
Zahed  

IISE Transactions 
on Occupational 
Ergonomics  
and Human Factors  

2022  link Drowsy driving is 
common among 
night shift nurses; 
however, there is a 
gap in 
understanding the 
beliefs and 
attitudes of nurses 
that may affect 
their intention to 
avoid drowsy 
driving.  

The perceived 
threat to nurses' 
health from 
drowsy driving 
and their attitude 
toward our 
intervention were 
important 
motivators for 
avoiding drowsy 
driving. 
Interventions 
aimed at raising 
awareness about 
the risks 
associated with 
drowsy driving can 
be effective in 
motivating nurses 
to avoid drowsy 
driving.  
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Driver propensity to 
fatigue and 
drowsiness: a 
probabilistic 
approach  

Ephraim Suhir  Theoretical Issues 
in Ergonomics 
Science  

2021  link This analysis aims 
to quantify, on a 
probabilistic basis, 
the importance of 
driver fatigue and 
drowsiness (DD) 
under automated 
and manual driving 
conditions; the 
impact of driving 
time on the 
probability of an 
accident, due to 
driver fatigue and 
potential 
drowsiness; and 
the observation that 
the 20-25 and 65-
70 age groups are 
more likely to make 
an error related to 
human fatigue 
and/or DD than the 
26-64 age group.  

The analytical 
modelling 
technique 
employed in this 
study should 
complement, 
whenever 
possible, statistical 
analyses and 
computer 
simulations in 
challenging 
ergonomic tasks, 
including those of 
the type in 
question.  

Spatial modelling of 
accidents risk caused 
by driver drowsiness 
with data mining 
algorithms  

FarbodFarhangi, 
Ali Nahvi, Seyed 
Vahid Razavi-
Termeh, 
Abolghasem 
Sadeghi-Niaraki  

Geocarto 
Internation
al  

2021  link In this study, the 
risk of accidents 
caused by driver 
drowsiness in the 
province of 
Qazvin, Iran, was 
modelled using 
decision tree (DT), 
random forest 
(RF), and support 
vector regression 
(SVR) algorithms 
in a GIS 
environment.  

The analysis of the 
importance of the 
criteria showed 
that the speed limit 
was the most 
important criterion 
for modelling.  

Driver Situation 
Awareness and 
Perceived 
Sleepiness during 
Truck Platoon 
Driving - Insights 
from Eye-tracking 
Data  

Sarah-Maria 
Castritius, 
Christoph Dietz, 
Christian T Haas, 
Heiko Hecht, Lynn 
Huestegge, 
Magnus Liebherr, 
Patric Schubert  

International Journal  
of Human–Computer 
Interaction  

2021  link The aim of the 
study was to test 
whether semi-
automated driving 
in passenger cars 
increases driver 
drowsiness and 
reduces situational 
awareness, and 
whether this 
applies to semi-
automated platoon 
driving (platooning) 
and whether 
platoon-specific 
situations pose 
special visual 
demands.  

Drivers did not report 
greater perceived 
drowsiness in semi-
automatic platoon 
units than in manual 
reference units. 
Appropriate solutions 
are needed to reduce 
the time spent taking 
your eyes off the 
road. Head-up 
displays should be 
studied for this 
purpose, as they can 
simplify driver 
communication and 
present platoon-
specific information 
while keeping the 
driver's eyes focused 
on the road.  
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Recognizing 
drowsiness in young 
men during real 
driving based on 
electroencephalograp
hy using an end-to-
end deep learning 
approach  

Jichi Chen, 
Shjie Wang, 
Enqiu He, 
Hong Wang, 
Lin Wang,  

Biomedical 
Signal 
Processing and 
Control  

2021  link Deep learning 
theory and 
convolutional 
neural networks are 
applied for the first 
time to raw multi-
channel EEG 
signals for driver 
drowsiness 
detection during 
real-life driving. A 
data augmentation 
strategy is 
employed to 
increase the 
amount of training 
data, which is 
crucial for the 
successful 
application of deep 
ConvNets.  

The 12-layer deep 
ConvNets model 
achieves accuracy, 
precision, 
sensitivity, 
specificity, and 
mean f of 97.02% 
± 0.0177, 96.74% 
± 0.0347, 97.76% 
± 0.0168, 96.22% 
± 0.0426, and 
97.19% ± 0.0157, 
respectively.  

A qualitative study 
exploring how city 
bus drivers manage 
sleepiness and 
fatigue  

A J Filtness, C 
Haslam, Fran 
Pilkington-
Cheney  

Chronobiology 
International  

2020  link This qualitative 
study analysed 
the use of 
individual 
sleepiness 
countermeasures 
within a sample of 
urban bus drivers.  

The thematic 
analysis identified 
two main themes: 
(1) strategies used 
to counteract 
sleepiness and (2) 
barriers to 
individual use of 
countermeasures, 
each with several 
subtopics. A 
variety of 
countermeasures 
were used, 
including 
strategies with 
limited potential to 
counteract 
drowsiness, such 
as opening a 
window, drinking 
water, talking, 
stretching, and 
consuming forms 
of sugar.  

Night-shift nurses 
and drowsy driving: 
A qualitative study  

Alec Smith, 
Anthony D. 
McDonald, 
FarzanSasangohar 

International 
Journal of Nursing 
Studies  

2020  link The objective of 
this research was 
to obtain night shift 
nurses' perceptions 
of drowsy driving, 
countermeasures, 
and educational 
and technological 
interventions.  

The findings 
suggest a strong 
need for real-time 
sleepiness 
interventions 
during or 
immediately before 
nurses' post-work 
commutes. 
Nurses' 
enthusiasm for 
training and 
technology to 
prevent drowsy 
driving suggests 
high levels of 
readiness and 
acceptance for 
such interventions.  
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Effects of driver 
sleepiness and 
fatigue on 
violations among 
truck drivers in 
India  

Pushpa 
Choudhary, 
Akhilesh Kumar, 
Kirti Mahajan, 
Nagendra R 
Velaga  

International 
Journal of Injury 
Control  
and Safety 
Promotion  

2019  link The influence of 
driver drowsiness 
on the prevalence 
of traffic violations 
among long-
distance lorry 
drivers in India is 
studied.  

Young drivers 
(under 25 years 
old), long working 
hours, insufficient 
sleep, and driving 
after midnight 
result in drowsy 
driving and 
frequent traffic 
violations.  

Drowsy Driving, 
Sleep Duration, and 
Chronotype in 
Adolescents  

Judith A. Owens, 
Tracy Dearth-
Wesley, Allison 
N. Herman, 
Robert C. 
Whitaker,  

The Journal of 
Pediatrics  

2019  link Study using a sample 
of high school drivers 
to determine whether 
drowsy driving was 
associated with a 
night-time chronotype.  

Among teenage 
drivers, both a night-
time chronotype and 
shorter school sleep. 
Duration was 
associated with more 
frequent reports of 
drowsy driving. 
Interventions to 
improve sleep and 
duration of night-time 
sleep in adolescents 
may reduce the 
occurrence of drowsy 
driving.  

Exploring the 
mechanisms of the 
racial disparity in 
drowsy driving  

Michael V. 
Genuardi, Andrew 
D. Althouse, 
Michael S. 
Sharbaugh, 
Rachel P. Ogilvie, 
Sanjay R. Patel,  

Sleep Health 2018  link Although previous 
reports have shown 
an association 
between race and 
drowsy driving, the 
reasons for this 
disparity are unclear. 
A cross-cutting 
analysis of the 
responses from 
193,776 white, black, 
and Hispanic adults 
who participated in 
the 2009–2012 US 
Behavioural Risk 
Factor Surveillance 
System and answered 
a question about 
drowsy driving was 
conducted.  

Non-white and 
Hispanic Americans 
are approximately 
twice as likely to 
drive drowsily as 
white Americans. 
Differences in sleep 
quality explained part 
of this disparity in 
black people, but not 
in Hispanic 
population. More 
research is needed to 
understand the root 
causes of these 
disparities.  

Motivational factors 
associated with 
drowsy driving 
behaviour: a 
qualitative 
investigation of 
college students  

Kenneth H. 
Beck, Clark J. 
Lee, Talia 
Weiner,  

Sleep Health  2018  link Qualitative study, 
notes and 
transcripts from 
focus group 
sessions were 
analysed to identify 
recurring themes 
regarding attitudes, 
motivations, 
experiences, 
influences, and 
potential preventive 
messaging 
strategies related 
to drowsy driving.  

Greater 
enforcement, 
education, and 
public message 
campaigns are 
needed to increase 
knowledge and to 
influence attitudes 
and opinions 
among young 
drivers about the 
dangers and social 
unacceptability of 
drowsy driving.  
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Drowsy driving: 
prevalence and risk 
factors in 954 
Moroccan drivers  

A. Jniene, L. 
Harrak, L. Achachi, 
M. El Ftouh,  

Sleep Medicine  2017  link Study on a 
specific sample 
of Moroccan 
drivers  

No data  

Prevalence and 
Correlates of Poor 
Sleep Quality and 
Daytime 
Sleepiness in 
Belgian Truck 
Drivers  

LutgartBraeckman, 
DirkPevernagie, 
RiniVerpraet, Dirk 
de Bacquer, 
Marleen van 
Risseghem  

Chronobiology 
International  

2011  link The objective of this 
study was to describe 
the sleep, driving, and 
health characteristics 
of Belgian lorry drivers 
and to determine the 
occupational and 
individual factors 
associated with poor 
sleep quality and 
daytime sleepiness.  

Comprehensive 
countermeasures to 
improve working 
conditions and 
organization, as well 
as health promotion 
interventions, are 
needed to ensure the 
safety and well-being 
of lorry drivers.  

Driver Sleepiness-
Related Problems, 
Health Status, and 
Prolonged Driving 
Among Professional 
Heavy-Vehicle 
Drivers  

HelinaHakkanen, 
HeikkiSummala  

Transportation 
Human Factors  

2010  link Analysis of the 
questionnaire data on 
the frequency of 
prolonged driving, 
problems related to 
drowsiness while 
driving, and personal 
health status of 
professional drivers 
with different job 
descriptions.  

 The results provide 
unreserved support 
for regulating driving 
hours and raise 
concerns about the 
connection between 
the health status of 
professional drivers 
and the problems 
related to drowsiness 
while driving.  

Sleep and 
Sleepiness among 
Brazilian Shift-
Working Bus 
Drivers  

Ligia Luchesi, 
Maria Laura 
Nogueira Pires, 
Marcia Pradella-
Hallinan, Eduardo 
H R Santos, 
Sergio Tufik, 
Marco Tulio de 
Mello  

Chronobiology 
International  

2009  link The objective of 
this study was to 
assess daytime 
and night-time 
sleep, as well as 
daytime and night-
time sleepiness, in 
professional bus 
drivers working in 
shifts.  

Daytime sleep 
compared to night-
time sleep among bus 
drivers working in 
shifts was shorter and 
more fragmented, and 
it was associated with 
evidence of excessive 
sleepiness in many 
cases. Respiratory 
disorder was a 
common finding  
among professional 
bus drivers who 
worked in shifts. All 
these sleep 
deficiencies can 
negatively affect work 
driving performance.  

Variation in 
Sleepiness during 
Early Morning 
Shifts: A Mixed 
Model Approach to 
an Experimental 
Field Study of Train 
Drivers  

Michael Ingre, 
GöranKecklund, 
Lena Kecklund, 
TorbjörnÅkerstedt  

Chronobiology 
International  

2009  link The study aimed to 
experimentally 
assess the effect of 
morning shifts on 
sleep and 
drowsiness in train 
drivers during 
normal working 
conditions.  

The findings have 
practical implications 
in risk assessment. 
Long non-stop 
journeys and other 
monotonous 
situations should 
have a higher risk 
rating for severe 
sleepiness in shifts 
with an early start 
before 06:00 h, 
compared to shifts 
starting 2 h later. 
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        Prevalence of drowsy 
driving and modelling 
its intention: An 
Indonesian case 
study  

RaniRahmadiyani, 
Ari widyanti  

Transportation 
Research 
Interdisciplinary 
Perspectives  

2005  link This study aimed 
to asses the 
prevalence and 
reasons why 
people drive 
feeling drowsy and 
to develop a 
model of the 
factors influencing 
drowsy driving in 
Indonesia.  

Demographic 
characteristics that 
differentiated 
drowsy driving 
behaviours 
included age, 
gender, and living 
area. Factors 
influencing drowsy 
driving were 
attitude, perceived 
behavioural 
control, and 
perceived barriers. 
The implications of 
these results are 
discussed.  

Drowsy Driving  Federico Vaca, 
Joan S. Harris, 
Herbert G. 
Garrison, Federico 
Vaca, Mary Pat 
McKay,  

Annals  
of Emergency 
Medicine  

2005  link Analysis of 
data on 
accidents 
caused by 
drowsiness  

Not available  

Electroencephalograp
hic study of 
drowsiness in 
simulated driving with 
sleep deprivation  

Hong J. Eoh, Min 
K. Chung, Seong-
Han Kim,  

International 
Journal of 
Industrial 
Ergonomics  

2005  link The objective of 
this study was to 
analyse EEG 
changes in fatigued 
subjects while 
performing a 
simulated driving 
task.  

Driver drowsiness 
is a major cause of 
serious traffic 
accidents. This 
study addresses 
the time-variant 
EEG change of 
sleep-deprived 
drivers, an 
important aspect of 
driver sleepiness 
analysis. The 
results of this study 
can be used to 
estimate the overall 
level of alertness of 
drivers.  
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9.6. Articles related to Infrastructure  
 
 

Infrastructure may play a very important role in preventing drowsiness while driving, from 
rumble strips and raised road markings to efficient rest areas.  

 
Below are the articles from the studies found on this subject.  

 
Title of 

the 
article 

Authors  Journal  Year  URL  Subject  Conclusions  

Evaluating 
the effects 
of 
supplement
al rest 
areas on 
freeway 
crashes 
caused by 
drowsy 
driving  

Soyoung Jung, 
ShinhyeJoo,  
Cheol Oh,  

ELSEVIER 
SCIENCE 
Accident 
Analysis & 
Prevention  

2017  link The purpose of this 
study is to 
quantitatively 
evaluate the 
effectiveness of 
additional rest areas 
by comparing crash 
occurrence before 
and after their 
installation in the 
Korean road system.  

Additional rest areas on Korean 
motorways are relatively small 
roadside facilities installed between 
regular rest areas to provide a space 
for drowsy drivers to take a break. 
Compared to road facilities around 
the world, the additional rest area is 
unique to the Korean motorway 
system.  

 
 

9.7. Articles related to the study methodology  
 
 

Below are articles from the studies found that analyse the methods used and the procedures 
for conducting studies related to sleepiness and driving.  
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Title of 
the 

article 

Authors  Journal  Year  URL  Subject  Conclusions  

Drowsy 
drivers’ 
under-
performanc
e in lateral 
control: How 
much is too 
much? 
Using an 
integrated 
measure of  
lateral 
control to 
quantify safe 
lateral 
driving  

Roald J. van 
Loon, Rino 
F.T. Brouwer, 
Marieke H. 
Martens,  

ELSEVIER 
SCIENCE 
Accident 
Analysis & 
Prevention  

2015  link In the present study, we 
attempted to slowly 
induce drowsiness using 
a monotonous driving 
task in a simulator, and 
merge lane position and 
the data on the steering 
wheel angle into a single 
measure for lateral 
control performance.  

A new vehicle-based 
measure is described that 
is capable of distinguishing 
between safe and unsafe 
lateral driving in real time.  

Lane 
heading 
difference: 
An innovative 
model for 
drowsy 
driving 
detection 
using 
retrospective 
analysis 
around 
curves  

Drew M. 
Morris, June 
J. Pilcher, 
Fred S. 
Switzer III,  

ELSEVIER 
SCIENCE 
Accident 
Analysis & 
Prevention  

2015  link The current study 
developed a novel 
methodological approach 
using a vehicle heading 
difference metric to 
detect drowsy driving 
more effectively than 
other more commonly 
used methods.  

Traffic accidents due to 
drowsiness could be 
reduced with the 
successful 
implementation of drowsy 
driving detection 
technology.  

https://doi.org/10.1016/j.aap.2016.12.021
https://doi.org/10.1016/j.aap.2015.08.012
https://doi.org/10.1016/j.aap.2015.04.007


Associations 
Between 
Heavy-Vehicle 
Driver 
Compensation 
Methods, 
Fatigue-
Related 
Driving 
Behaviour, 
and 
Sleepiness  

Mark 
Stevenson, 
Jason 
Thompson  

TAYLOR & 
FRANCIS 
Traffic Injury 
Prevention  

2014  link This study investigates 
the association between 
driver compensation 
methods and fatigue-
related driving behaviour 
and sleepiness among 
Australian heavy vehicle 
drivers.  

The results confirmed that 
performance-based 
compensation methods are 
associated with work 
practices that can exacerbate 
driving behaviours associated 
with fatigue. However, 
despite this finding, 
performance-based 
compensation methods were 
not associated with higher 
levels of sleepiness.  

Predicting 
drowsiness-
related 
driving 
events: a 
review of 
recent 
research 
methods and 
future 
opportunities  

Emily E 
Jacobs, 
Michael G 
Lenné  

Theoretical 
Issues in 
Ergonomics 
Science  

2016  link The objective of this 
current work is to 
evaluate recent 
developments in the 
detection and 
prediction of 
drowsiness-related 
driving events.  

Measurement of drowsiness-
related events has 
progressed, and recent 
research suggests that 
subjective ratings, blink 
duration, and steering metrics 
hold promise as effective 
predictors of drowsiness-
related driving events.  

A method for 
predicting 
the risk of 
virtual 
crashes in a 
simulated 
driving task 
using 
behavioural 
and 
subjective 
drowsiness 
measures  

Waldemar 
Karwowski, 
Atsuo 
Murata, 
Kensuke 
Naitoh  

Ergonomics  2016  link This study proposed a 
procedure to predict the 
point in time with high 
risk of virtual crash using 
a control chart 
methodology for 
behavioural measures 
during a simulated 
driving task.  

The proposed procedure for 
predicting the point in time 
with a high risk of an accident 
is promising for warning 
drivers of high-risk crash 
conditions.  

A 
comparison 
of driver 
sleepiness in 
the simulator 
and on the 
real road  

Christer 
Ahlstrom, 
Anna Anund, 
Carina Fors  

Journal of 
Transportation 
Safety & 
Security  

2016  link The aim of this study is 
to compare the 
development of driver 
drowsiness in an 
advanced driving 
simulator experiment 
with real-life on-road 
driving.  

The development of 
drowsiness over time is 
similar in the simulator 
compared to the real road, 
although the level of absolute 
drowsiness is higher in the 
simulator.  

Drowsiness 
estimation 
from 
identified 
driver model  

Hiroshi 
Tokutake  

Systems 
Science & 
Control 
Engineering  

2015  link This paper proposes an 
estimation method for 
driver drowsiness using 
an identified driver 
model.  

The driving test showed that 
the proposed method was 
sufficiently accurate to 
provide a warning of 
inattentive driving.  

Eye blinking-
based 
method for 
detecting 
driver 
drowsiness  

Ghassan Al-
Haj Issa, Akeel 
Al-Kazwini, 
Jamal Al-
Nabulsi, 
Ahmed 
Baniyassien, 
Jumana 
Ma'touq, 
Haitham 
Mohammad  

Journal of 
Medical 
Engineering & 
Technology  

2014  link In this paper, a portable 
and low-cost device for 
monitoring a driver's 
drowsiness is proposed.  

Eye blinking was successfully 
detected and classified for all 
subjects. The results of this 
research are promising and 
additional research is 
required to further improve 
the method.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

35

https://doi.org/10.1080/15389588.2014.928702
https://doi.org/10.1080/1463922x.2016.1155239
https://doi.org/10.1080/00140139.2016.1223885
https://doi.org/10.1080/19439962.2016.1228092
https://doi.org/10.1080/21642583.2015.1047997
https://doi.org/10.3109/03091902.2014.968679


Title of the 
article  Authors  Journal  Year  URL  Subject  

Conclusions  

Can SVM be 
used for 
automatic 
EEG 
detection of 
drowsiness 
during car 
driving?  

Mervyn V.M. Yeo, Xiaoping Li, 
Kaiquan Shen, Einar P.V. 
Wilder-Smith,  

ELSEVIER 
SCIENCE - 
Safety Science  

2009  link This study aims 
to develop an 
automatic 
method to 
detect the onset 
of drowsiness 
while driving.  

This study shows 
that the automatic 
analysis and 
detection of EEG 
changes are 
possible using 
SVM, and SVM is 
a good candidate 
for developing 
preventive 
automatic 
drowsiness 
detection systems 
for driving safety.  

Evaluatin
g driver 
drowsines
s Counter 
measures  

Timothy L Brown, John G 
Gaspar, James S Higgins, Julie 
Kang, John D Lee, Chris W 
Schwarz  

TAYLOR & 
FRANCIS 
Traffic Injury 
Prevention  

2017  link This article 
describes recent 
NHTSA 
research on in-
vehicle 
drowsiness 
countermeasure
s.  

The results 
indicate that 
simple in-vehicle 
countermeasures, 
such as an 
auditory-visual 
coffee cup icon, 
can reduce the 
frequency of 
drowsy lane 
departures in the 
context of 
relatively short 
journeys.  

Android 
application 
to detect 
drowsiness 
during 
driving 
vehicle  

MihirMohanty, RishiSikka,  Materials Today: 
Proceedings  

2023  link Researchers have 
developed a 
system that can 
detect drowsiness 
and alert drivers 
when they seem to 
be drowsy while 
driving, and this 
can potentially 
prevent crashes.  

There have been 
eleven case studies 
of the research 
study, 18 percent of 
the number of test 
cases give failure 
result, 27 percent 
give poor detection 
result, 27 percent 
give detection result, 
11 percent give 
successful detection 
result and 9 percent 
give fast detection 
result.  

9.8. Articles related to the applied technology  
 
 

Technological advances in both conducting studies (simulators, sensors, detectors, etc.) and 
implementing systems that detect drowsiness at an early stage inside the vehicle have been 
the result of much research.  

 
Below are the articles from the studies found on this subject.  
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Driver 
drowsiness 
detection 
methods 
using EEG 
signals: a 
systematic 
review  

Loay E George, Raed 
Mohammed Hussein, Firas 
SabarMiften  

Computer 
Methods in 
Biomechanics 
and Biomedical 
Engineering  

2022  link This study 
reviews 62 
articles that used 
EEG signals to 
detect driver 
drowsiness, 
published 
between 
January 2018 
and 2022.  

The analysis reveals 
that the amount of 
EEG data used 
varies between 
studies. It was 
observed that more 
than half of the 
studies used 
experimental driving 
simulation. About 
21% of the studies 
used support vector 
machines (SVMs), 
while 19% used 
convolutional neural 
networks (CNNs). 
Overall, it is 
concluded that 
drowsiness and 
fatigue impair driving 
performance, 
resulting in drivers 
being more exposed 
to risky situations.  

Automatic 
Driver 
Drowsiness 
Detection 
Using 
Artificial 
Neural 
Network 
Based on 
Visual Facial 
Descriptors: 
Pilot Study  

SuphakitAwiphan, 
JeerayutChaijaruwanich, 
JuthamasInchai, 
PapangkornInkeaw, 
PimwaratSrikummoon, 
TheerakornTheerakittikul, 
PatrineeTraisathit, 
RatiratWorasuthaneewan  

Nature and 
Science of 
Sleep  

2022  link An early sleepiness 
detection algorithm 
and device based 
on the "gold 
standard brain 
biophysiological 
signal" and digital 
facial expression 
data is developed.  

Our direct driver 
drowsiness detection 
system, developed 
through the 
integration of 
biophysiological 
information and 
internal validation, 
provides a valuable 
algorithm specifically 
for the level of 
alertness.  

Real-driving-
implementable 
drowsy driving 
detection 
method using 
heart rate 
variability 
based on long 
short-term 
memory and 
autoencoder  

HirokiIwamoto, 
KentaroHori, 
KoichiFujiwara, Manabu 
Kano,  

IFAC-Papers 
OnLine  

2021  link This study proposes 
a new sleepiness 
detection method 
using raw RRI 
(interval jitter) data 
instead of HRV to 
improve sleepiness 
detection 
performance.  

The results 
suggest that it is 
better to use raw 
RRI as inputs than 
HRV features.  

The impact of 
heart rate-
based 
drowsiness 
monitoring on 
adverse 
driving events 
in heavy 
vehicle 
drivers under 
naturalistic 
conditions  

Alexander P. Wolkow, Shantha 
M.W. Rajaratnam, Vanessa 
Wilkinson, Dexter Shee, 
Angela Baker, Teri Lillington, 
Peter Roest, Bernd Marx,  

Sleep Health  2020  link This study examined 
the influence of a 
wrist-based heart 
rate drowsiness 
detection device on 
heavy vehicle driver 
safety and 
sleepiness and its 
ability to predict 
driving events under 
naturalistic 
conditions.  

The inclusion of 
drowsiness detection 
devices in fatigue 
management 
programmes appears 
to alter driver 
behaviour, improving 
safety despite their 
modest accuracy. 
Longer-term studies 
are needed to 
determine whether 
this change is 
sustained.  
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Adaptability 
to ambient 
light changes 
for drowsy 
driving 
detection 
using image 
processing  

Masayuki Kaneda, Hideo 
Obara, Tsutomu Nasu,  

JSAE Review  1999  link This paper 
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when using 
cameras to 
analyse drivers' 
facial images, 
along with the 
results of drowsy 
driving detection 
tests performed 
with a system 
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drowsy driving to 
the changes in 
ambient light in the 
passenger 
compartment. The 
test results 
confirmed that the 
system's 
adaptability was 
improved.  

 
9.9. The most relevant conclusions from publications on drowsiness and driving  

 
9.9.1. Study on the drowsiness process  

 
Drivers reported increased drowsiness in slightly warmer conditions and minimal drowsiness in 

cooler or warmer conditions after 15 minutes of driving. (Sunagawa M. et al. (2023) Analysis of the 
effect of thermal comfort on driver drowsiness progress with Predicted Mean Vote: An experiment using 
real highway driving conditions. Transportation Research Part F: Traffic Psychology and Behaviour (94) p 
517-527) 

https://doi.org/10.1016/j.trf.2023.03.009  
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Drowsiness and fatigue affect driving performance and increase the risk of accidents. (Couto A. et 
al. (2020) Driving simulator experiments to study drowsiness: A systematic review. Traffic Injury Prevention 
(21) p29 - p37) 

https://doi.org/10.1080/15389588.2019.1706088  

 
Heart rate variability (HRV) can be used to detect driver drowsiness. (AnundA. et al. (2019) 

Deriving heart rate variability indices from cardiac monitoring-An indicator of driver sleepiness.Traffic Injury 
Prevention (20) p249 -p254) 

https://doi.org/10.1080/15389588.2018.1548766  
 

Strategically administered caffeine reduces drowsiness and driving errors due to fatigue. 
(Aidman E. et al. (2018) Caffeine reduces the impact of drowsiness on driving errors.Transportation 
Research Part F: Traffic Psychology and Behaviour (54) p 236-247) 

 https://doi.org/10.1016/j.trf.2018.01.008  
 

The duration of driving and sleep hours affect driver drowsiness. (Bai H.et al. (2017) Can variations in 
visual behaviour measures be good predictors of driver sleepiness? A real driving test study. Traffic Injury 
Prevention (18) p132 - p138) 

https://doi.org/10.1080/15389588.2016.1203425  
 

Automated eye measurement is effective in detecting impairment caused by lack of sleep. (Rodney 
J. et al. (2016) Slow eyelid closure as a measure of driver drowsiness and its relationship to 
performance.Traffic Injury Prevention (17) p251-p257) 

https://doi.org/10.1080/15389588.2015.1055327  
 

Further analysis is needed on the common characteristics of drowsy/distracted driving. (Chen Z. et 
al. (2015) Identification of common features of vehicle motion under drowsy/distracted driving: A case study 
in Wuhan, China. Accident Analysis & Prevention (69) p 251-259 

 https://doi.org/10.1016/j.aap.2015.02.021  
 

• Drowsiness while driving can be quantified through the rate of change in drivers' visual 
behavioural measures. (Bai H. et al. (2017) Can variations in visual 

https://doi.org/10.1016/S0389-4304(98)00051-4


behavior measures be good predictors of driver sleepiness? A real driving test study. Traffic 
Injury Prevention (18) p132 - p138) 
https://doi.org/10.1080/15389588.2016.1203425  

 
Short sleep durations (rest time) are associated with drowsy driving. (Bai H. et al. (2017) Can variations 

in visual behaviour measures be good predictors of driver sleepiness? A real driving test study. Traffic 
Injury Prevention (18) p132 - p138) 

https://doi.org/10.1080/15389588.2016.1203425  
 

Mild sleep loss negatively affects driving performance and alertness. (Gibbings A. et al. (2022) The 
EEG correlates and dangerous behavioural consequences of drowsy driving after a single night of mild 
sleep deprivation. Physiology & Behavior (252) p 1335-1340) 

 https://doi.org/10.1016/j.physbeh.2022.113822  
 

Telephone conversations and conversations with passengers can affect drowsy driving 
performance. (Kontou T. et al. (2018) Driving when distracted and sleepy: The effect of phone and 
passenger conversations on driving performance. Chronobiology International (35) p750 - p753) 
https://doi.org/10.1080/07420528.2018.1466799  

 
Excessive daytime sleepiness, depression, habitual snoring and perception of insufficient sleep 

were sleep-related risk factors for drowsy driving. (Sunwoo J. et al. (2017) Sleep characteristics 
associated with drowsy driving. Sleep Medicine (40) p 4-10) 

https://doi.org/10.1016/j.sleep.2017.08.020  
 

Healthy people who have slept for 2 hours or less in the previous 24 hours are not fit to drive. 
(Czeisler J. et al. (2016) Sleep-deprived motor vehicle operators are unfit to drive: a multidisciplinary expert 
consensus statement on drowsy driving. Sleep Health (2) p 94-99) 
https://doi.org/10.1016/j.sleh.2016.04.003  

 
No significant relationship was found between cognitive performance and fatigue. (Beaulieu-Bonneau 

S. et al. (2015) Attention following traumatic brain injury: Neuropsychological and driving simulator data, 
and association with sleep, sleepiness, and fatigue. Neuropsychological Rehabilitation (27) p216 - p238) 
https://doi.org/10.1080/09602011.2015.1077145  

 
Not having enough sleep makes drivers more prone to distraction. (Anderson C. et al. 

(2013) Driving drowsy also worsens driver distraction. Sleep Medicine (14) p 466-468) 
https://doi.org/10.1016/j.sleep.2012.11.014  
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9.9. 2. Accident rate and infrastructure  

 
 It is essential to implement road safety measures, such as rumble strips, in work zones and areas 

with a high incidence of drowsy driving accidents, as well as safe and cosy rest areas to prevent 
drowsy driving. (Kim S. et al. (2019) Freeway crashes involving drowsy driving: Crash 
characteristics and severity in South Korea. Journal of Transportation Safety & Security p 93-
107) https://doi.org/10.1080/19439962.2019.1605641  

 
 
9.9.3. Sleep apnea syndrome  

 
Falling asleep or crashing while driving is still common among people with OSAS. (Almeida F. et al. 

(2022) Driving consequences of sleepiness in Canadians with obstructive sleep apnea: A population 
survey. Canadian Journal of Respiratory, Critical Care, and Sleep Medicine (6) p298 - p303) 
https://doi.org/10.1080/24745332.2022.2043205  

 
Patients with OSAS were sleepier than the non-OSAS control group, according to some of the 

continuous, real-time ocular sleepiness measures. (Jennifer M. et al. (2021) Eye blink parameters to 
indicate drowsiness during naturalistic driving in participants with obstructive sleep apnea: A pilot study. 
Sleep Health (7) p 644-651) 
https://doi.org/10.1016/j.sleh.2021.01.009 

https://doi.org/10.1080/09602011.2015.1077145


9.9.4. Analysis of samples from users  
 

Continuous blinking is predictive of microsleeps. (Gaspar J. et al. (2019) The detection of 
drowsiness using a driver monitoring system. Traffic Injury Prevention (20) s157 - s161) 
https://doi.org/10.1080/15389588.2019.1622005  

 
  Off-road glancing increased significantly with drowsiness. (Kuo J. et al.(2019) Continuous 

monitoring of visual distraction and drowsiness in shift-workers during naturalistic driving. Safety 
Science (1) p 112-116) 

https://doi.org/10.1016/j.ssci.2018.11.007  
 

  Drivers' physiological data can be predictive of driver drowsiness. (Liang Y. et al. (2019) 
Prediction of drowsiness events in night shift workers during morning driving. Accident Analysis 
& Prevention (126) p 105-114) 
https://doi.org/10.1016/j.aap.2017.11.004  

 
 

9.9.5. Methodology of study  
 

  Using a methodology that analyses vehicle heading differences to detect drowsy driving, 
it has been shown that traffic accidents due to drowsiness could be reduced with the 
successful implementation of drowsy driving detection technology. (Morris D. et al. 
(2015) Lane heading difference: An innovative model for drowsy driving detection using 
retrospective analysis around curves. Accident Analysis & Prevention (80) p 117 - 124) 
https://doi.org/10.1016/j.aap.2015.04.007  

 
  The development of drowsiness over time is similar in the simulator compared to the 

real road, although the level of absolute drowsiness is higher in the simulator. (Fors 
C. et al. (2016) A comparison of driver sleepiness in the simulator and on the real 
road. Journal of Transportation Safety & Security p 72-87)  
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9.9.6. Technology applied to road safety  
 

  Traffic accidents due to drowsiness could be reduced with the successful implementation 
of drowsy driving detection technology. (Brown T. et al. (2017) Evaluating driver drowsiness 
countermeasures. Traffic Injury Prevention (18) s58 - s63) 

 https://doi.org/10.1080/15389588.2017.1303140  
 

  The development of drowsiness over time is similar in the simulator compared to the real 
road, although the level of absolute drowsiness is higher in the simulator. (George L. et 
al. (2022) Driver drowsiness detection methods using EEG signals: a systematic review. 
Computer Methods in Biomechanics and Biomedical Engineering (0) p1 - p13) 

https://doi.org/10.1080/10255842.2022.2112574  
 

  The inclusion of drowsiness detection devices in fatigue management programmes 
appears to alter driver behaviour, improving safety. (Alexander P. et al. (2020) The impact 
of heart rate-based drowsiness monitoring on adverse driving events in heavy vehicle drivers 
under naturalistic conditions. Sleep Health (6) p 28-42) 

 https://doi.org/10.1016/j.sleh.2020.03.005  
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