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1. Introduction

This report provides a bibliography that tries to bridge the gap between
psychophysiological laboratory studies of driving and naturalistic driving studies
of real-world behavior. The former are experimental in nature, while the latter are
observational.

These two types of driving studies are at opposite ends of the spectrum not only
when it comes to the setting where they take place (indoors vs. outdoors), but also
the scope of instrumentation. With naturalistic driving studies, drivers had devices
installed in the vehicles to record vehicle data (e.g., speed, acceleration, GPS
position, radar, steering wheel angle) and video of the driver and road. With
psychophysiological studies of driving, not only have similar sets of data been
recorded, but also driver brain activity, visual attention, heart rate, and more. This
latter group of data are mostly a result of sensors placed on driver subjects.

In recent years, due to advances in instrumentation (portable sensors) and analysis
(classification techniques), researchers are able to measure driver activity on the
road (psychophysiological and behavioral) more accurately.

This report, for the most part, collects those studies that have brought driver data
collection out of the lab and onto the road. The studies are sorted in various ways
that have meaning to human factors and psychophysiological research. The main
categories cover behavioral and physiological states whose variation can lead to
driving incidents and accidents (i.e., workload, sleepiness/fatigue,
distraction/vigilance, and stress). Another list of studies focuses on driver visual
attention or gaze. Finally, a study of psychophysiological responses to adaptive
cruise control (a vehicle state of semiautonomy) is included.

All of these studies collected data from subjects driving on roads, as opposed to lab
simulation. They employed a variety of measurement techniques, such as
electroencephalography, heart-rate monitoring, galvanic skin response or
electrodermal activity, and eye tracking.

Another list of references is given for more background on real-world driving
studies, the differences between real-world and simulation driving, and more
overviews of measuring drivers’ behavioral and psychophysiological states.

The final list of documents attempts to address military concerns. Given the dearth
of research on military driver psychophysiology and behavior under real-world
conditions and situations (driving off road, wearing night-vision goggles, sleep
deprivation, etc.), this list of references can only provide some background to
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relevant issues. Inevitably, the research will develop and one of the goals will likely
be to identify psychophysiological parameters for peak and sustainable
performance for vehicle crews (driver, gunner, and commander).

2. Workload

Bongiorno N, Bosurgi G, Pellegrino O, Sollazzo G. How is the driver's workload
influenced by the road environment? Procedia Eng. 2017;187:5—13 [accessed
2018 Aug 10]. https://www.sciencedirect.com/science/
article/pii/S1877705817318738.

De Waard D, Jessurun M, Steyvers F, Reggatt P, Brookhuis K. Effect of road layout
and road environment on driving performance, drivers' physiology and road
appreciation. Ergonomics. 1995;38(7):1395-1407.

Kim H, Hwang Y, Yoon D, Choi W, Park C. Driver workload characteristics
analysis using EEG data from an urban road. IEEE Trans Intell Transp Syst.
2014;15(4):1844—1849.

Kim H, Yoon D, Shin H, Park C. Predicting the EEG level of a driver based on
driving information. IEEE Trans Intell Transp Syst. 2018;PP(99):1-11.

Kim JY, Jeong CH, Jung MJ, Park J, Park H, Jung DH. Highly reliable driving
workload analysis using driver electroencephalogram (EEG) activities during
driving. Int J Automot Technol. 2013;14(6):965-970.

Reimer B, Mehler B. The impact of cognitive workload on physiological arousal in
young adult drivers: a field study and simulation validation. Ergonomics
2011:54(10):932-942.

Richter P, Wagner T, Heger R, Weise G. Psychophysiological analysis of mental
load during driving on rural roads—a quasi-experimental field study.
Ergonomics. 1998;41(5):593—-609.

Solovey ET, Zec M, Garcia-Perez EA, Reimer B, Melhler B. Classifying driver
workload using physiological and driving performance data: two field studies.
In: Winckler M, Riche Y, Conversy S, editors. CHI '14. Proceedings of the
32nd Annual ACM Conference on Human Factors in Computing Systems;
2014 Apr 26-May 1; Toronto, ON, Canada. New York (NY): Association for
Computing Machinery; c2014. p. 4057—4066.
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https://www.researchgate.net/journal/1524-9050_IEEE_Transactions_on_Intelligent_Transportation_Systems
http://www.ijat.net/articles/search_result.php?term=author&f_name=J.%20Y.&l_name=KIM
http://www.ijat.net/articles/search_result.php?term=author&f_name=C.%20H.&l_name=JEONG
http://www.ijat.net/articles/search_result.php?term=author&f_name=M.%20J.&l_name=JUNG
http://www.ijat.net/articles/search_result.php?term=author&f_name=JUNHYUN%20PARKJ.%20H.&l_name=PARK
http://chi2014.acm.org/

3. Sleepiness/Fatigue

Chang W, Wang H. Functional brain network analysis of the fatigue state for coach
bus driver. In: Lin, Y editor. iCAST 2015. Proceedings of the 7th IEEE
International Conference on Awareness Science and Technology (ICAST),
2015 Sep 22-24; Qinhuangdao (China); c2015. p. 43-48.

Hallvig D, Anund A, Fors C, Kecklund G, Karlsson JG, Wahde M, Akerstedt T.
Sleepy driving on the real road and in the simulator—a comparison. Accident
Anal Prev. 2013 Jan;50:44-50.

Kecklund G, Alerstedt T. Sleepiness in long distance truck driving: an ambulatory
EEG study of night driving. Ergonomics. 1993;36(9):1007-1017.

Li Z, Jiao K, Chen M, Wang C. Reducing the effects of driving fatigue with
magnitopuncture stimulation. Accident Anal Prev. 2004 Jul;36(4):501-505.

Miller JC. Batch processing of 10,000 h of truck driver EEG data. Biol Psychol.
1995 May;40(1-2):209-222.

Mitler MM, Miller JC, Lipsitz JJ, Walsh JK, Wylie CD. The sleep of long-haul
truck drivers. New Engl J Med. 1997;337(11):755-761.

Papadelis C, Chen Z, Kourtidou-Papadeli C, Bamidis PD, Chouvarda I, Bekiaris E,
Maglaveras N. Monitoring sleepiness with on-board electrophysiological

recordings for preventing sleep-deprived traffic accidents. Clin Neurophysiol.
2007 Sep;118(9):1906—-1922.

Perrier J, Jongen S, Vuurman E, Bocca ML, Ramaekers JG, Vermeeren A. Driving
performance and EEG fluctuations during on-the-road driving following sleep
deprivation. Biol Psychol. 2016 Dec;121(Pt A):1-11.

Perrier J, Leufkens TR, Bulla J, Jongen S, Bocca ML, Ramacekers JG, Vermeeren
A. Electroencephalography during on-the-road driving in older untreated
insomnia patients and normal sleepers. Biol Psychol. 2015 Jul;109:20-28.

Sandberg D, Anund A, Fors C, Kecklund G, Karlsson JG, Wahde M, Akerstedt T.
The characteristics of sleepiness during real driving at night—a study of
driving performance, physiology and subjective experience. Sleep.
2011;34(10):1317-1325.

Wang Y, Xin M, Bai H, Zhao Y. Can variations in visual behavior measures be
good predictors of driver sleepiness? A real driving test study. Traffic Inj Prev.
2017:18(2):132-138.
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Hallvig%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23149323
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anund%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23149323
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fors%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23149323
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kecklund%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23149323
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karlsson%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=23149323
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wahde%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23149323
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akerstedt%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23149323
http://www.tandfonline.com/author/KECKLUND%2C+G%C3%96RAN
http://www.tandfonline.com/author/%C3%85KERSTEDT%2C+TORBJ%C3%96RN
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=15094401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiao%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15094401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15094401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15094401
https://www.ncbi.nlm.nih.gov/pubmed/15094401
https://www.ncbi.nlm.nih.gov/pubmed/7647182
https://www.ncbi.nlm.nih.gov/pubmed/?term=Papadelis%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17652020
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=17652020
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kourtidou-Papadeli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17652020
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bamidis%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=17652020
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chouvarda%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17652020
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bekiaris%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17652020
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maglaveras%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17652020
https://www.ncbi.nlm.nih.gov/pubmed/17652020
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perrier%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27697552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jongen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27697552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vuurman%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27697552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bocca%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=27697552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramaekers%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=27697552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vermeeren%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27697552
https://www.ncbi.nlm.nih.gov/pubmed/27697552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perrier%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25882903
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leufkens%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=25882903
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bulla%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25882903
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jongen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25882903
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bocca%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=25882903
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramaekers%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=25882903
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vermeeren%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25882903
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vermeeren%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25882903
https://www.ncbi.nlm.nih.gov/pubmed/25882903

4. Distraction/Vigilance

Alizadeh V, Dehzangi O. The impact of secondary tasks on drivers during
naturalistic driving: analysis of EEG dynamics. In: ITSC 2016. Proceedings of
the 19th IEEE International Conference on Intelligent Transportation Systems
(ITSC); 2016 Nov 1-4; Rio de Janeiro (Brazil). IEEE; c2016.
https://ieeexplore.ieee.org/document/7795957/.

Protzak J, Gramann K. Investigating established EEG parameter during
real-world driving. Cold Spring Harbor (NY): bioRxiv; 2018 Mar 8 [accessed
2018  Sep 14].  https://www.biorxiv.org/content/biorxiv/early/2018/
03/08/275396.full.pdf.

Rajendra V, Dehzangi O. Detection of distraction under naturalistic driving using
Galvanic Skin Responses. In: BSN 2017. 14th IEEE International
Conference on Wearable and Implantable Body Sensor Networks (BSN),
2017 May  9-12; Eindhoven  (Netherlands). IEEE;  ¢c2017.
https://ieeexplore.ieee.org/document/793603 1.

Schmidt EA, Schrauf M, Simon M, Fritzsche M, Buchner A, Kincses WE. Drivers'
misjudgement of vigilance state during prolonged monotonous daytime
driving. Accident Anal Prev. 2009 Sep;41(5):1087—-1093.

Sonnleitner A, Treder MS, Simon M, Willmann S, Ewald A, Buchner A, Schrauf
M. EEG alpha spindles and prolonged brake reaction times during auditory
distraction in an on-road driving study. Accident Anal Prev.
2014 Jan;62:110-118.

5. Stress

Barua S. Intelligent driver mental state monitoring system using physiological
sensor signals [dissertation]. [Visterds (Sweden)]: Milardalen University:
2015.

Begum S, Barua S, Filla R, Ahmed MU. Classification of physiological signals for
wheel loader operators using multi-scale entropy analysis and case-based
reasoning. Expert Syst Appl. 2014;41(2):295-305.

Filla R. Quantifying operability of working machines [dissertation]. [Linkdping
(Sweden)]: Linkopings Universitet; 2011.

Healey JA, Picard RW. Detecting stress during real-world driving tasks using
physiological sensors. IEEE Trans Intell Transport Syst. 2005:6(2):156—166.
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmidt%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=19664450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schrauf%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19664450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simon%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19664450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fritzsche%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19664450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Buchner%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19664450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kincses%20WE%5BAuthor%5D&cauthor=true&cauthor_uid=19664450
https://www.ncbi.nlm.nih.gov/pubmed/19664450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sonnleitner%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24144496
https://www.ncbi.nlm.nih.gov/pubmed/?term=Treder%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=24144496
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simon%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24144496
https://www.ncbi.nlm.nih.gov/pubmed/?term=Willmann%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24144496
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ewald%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24144496
https://www.ncbi.nlm.nih.gov/pubmed/?term=Buchner%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24144496
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schrauf%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24144496
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schrauf%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24144496
https://www.ncbi.nlm.nih.gov/pubmed/24144496
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6979
https://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=30974

6. Semi-Autonomous Vehicle

Brouwer A-M, Snelting A, Jaswa M, Flascher O, Krol L, Zander T. Physiological
effects of adaptive cruise control behaviour in real driving. In: Friedman D,
Brouwer A-M, Nijholt A, editors. BCIforReal '17. Proceedings of the 2017
ACM Workshop on An Application-oriented Approach to BCI Out of the
Laboratory; 2017 Mar 13-16; Limassol (Cyprus). New York (NY):
Association for Computing Machinery; c2017. p. 15-19.

7. Backgrounders and Overviews

Borghini G, Astolfi L, Vecchiato G, Mattia D, Babiloni F. Measuring
neurophysiological signals in aircraft pilots and car drivers for the assessment

of mental workload, fatigue and drowsiness. Neurosci Biobehav R.
2014;44:58-75.

Carsten O, Kircher K, Jamson S. Vehicle-based studies of driving in the real world:
the hard truth? Accident Anal Prev. 2013;58:162—-174.

Da Silva, FP. Mental workload, task demand and driving performance: what
relation? In: Ibeas A, Moura JL, dell'Olio L, Alonso B, editors. PANAM 2014.
Proceedings of the XVIII Congreso Panamericano de Ingenieria de Transito,
Transporte y Logistica; 2014 June 11-13; Santander (Spain). Procedia - Social
and Behavioral Sciences; ¢c2014;162:310-319.

De Waard, D, Brookhuis, K. Assessing driver status: a demonstration experiment
on the road. Accident Anal Prev. 1991;23(4):297-307.

Ekanayake, HB, Backlund, P, Ziemke, T, Ramberg, R, Hewagamage, KP, Lebram,
M. Comparing expert driving behavior in real world and simulator contexts.
Int J Comput Games T. 2013;2013:1-14.

Panel on Research Methodologies and Statistical Approaches to Understanding
Driver Fatigue Factors in Motor Carrier Safety and Driver Health; Committee
on National Statistics; Board on Human-Systems Integration; Division of
Behavioral and Social Sciences and Education; Transportation Research
Board; National Academies of Sciences, Engineering, and Medicine.
Commercial motor vehicle driver fatigue, long-term health, and highway
safety: research needs. Washington (DC): National Academies Press; 2016.

Paxion J, Galy E, Berthelon C. Mental workload and driving. Front Psychol.
2014;5:1344.
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http://iui.acm.org/2017/
https://www.sciencedirect.com/science/journal/18770428
https://www.sciencedirect.com/science/journal/18770428

Reyes-Munoz A, Domingo MC, Lopez-Trinidad MA, Delgado JL. Integration of
body sensor networks and vehicular ad-hoc networks for traffic safety.
Sensors. 2016;16(1):107.

Troxel WM, Helmus TC, Tsang F, Price CC. Evaluating the impact of whole-body
vibration (WBV) on fatigue and the implications for driver safety. Santa
Monica (CA): RAND Corporation; 2015. Report No.: RR1057-BOSE.
https://www.rand.org/pubs/research_reports/RR1057.html.

Verster JC, Roth T. Vigilance decrement during the on-the-road driving tests: the
importance of time-on-task in psychopharmacological research. Accident Anal
Prev. 2013;58:244-248.

8. Miilitary Conditions and Situations

Anderson J, Bazin A, Graham G. Peak performance in combat. Infantry. Jul-Sep
2015;104(3):9-13.

Friedl KE. Military applications of soldier physiological monitoring. J Sci Med
Sport; 20 Jun 2018 [accessed 2018 Sep 7].
https://www.sciencedirect.com/science/article/pii/S144024401830255X.

Gorsich DJ, Jayakumar P, Cole MP, Crean CM, Jain A, Ersal T. Evaluating
mobility performance of unmanned ground vehicles. Warren (MI): Army Tank
Automotive Research and Development Center (US); 2018 June.
Report No.: 29559.

Matsumura J, Gordon J IV, Steeb R, Boston S, Lee C, Padilla P, Parmentola J.
Assessing tracked and wheeled vehicles for Australian mounted and close
combat operations: lessons learned in recent conflicts, impact of advanced
technologies, and system-level implications. Santa Monica (CA): RAND
Corporation,; 2017. Report No.: RR1834-AUS.
www.rand.org/pubs/research reports/RR1834.html.

Matthews G, Reinerman-Jones LE, Barber DJ, Adich IV J. The psychometrics of
mental workload: multiple measures are sensitive but divergent. Hum Factors.
2015;57(1):125-143.

Micovic A, Popovic V, Sedmak A. Potential for improvement of comfort
parameters in off-road vehicles of Serbian armed forces. Tehnicki
Vjesnik—Technical Gazette. 2014;21(5):1009-1016.
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Roth%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23176755
https://www.ncbi.nlm.nih.gov/pubmed/23176755
https://www.ncbi.nlm.nih.gov/pubmed/23176755
https://www.sciencedirect.com/science/journal/14402440
https://www.sciencedirect.com/science/journal/14402440

Miller NL, Shattuck LG, Matsangas P. Sleep and fatigue issues in continuous
operations: a survey of US Army officers. Behav Sleep Med.
2011;9(1):53-65.

Parush A, Gauthier MS, Arseneau L, Tang D. The human factors of night vision
goggles: perceptual, cognitive, and physical factors. In: DeLucia P, editor.
Reviews of Human Factors and Ergonomics. 2011;7(1):238-279.
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