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ABSTRACT: This paper reviews the various literatures regarding the factors to be considered during the design of the
fatigue and drowsiness detection systems. In recent scenario, it is very common to find the road and vehicle crash
accidents in the developing countries like India, china, etc. The reasons for the road accidents can depends upon various
factors like wreckless driving, fault of the driver, consumption of alcohol, etc., but evidences from road safety
researchers and policy makers states that majority of the accidents happened due to the driver’s faults. Among that,
fatigue and drowsiness are the worst candidates of road accidents. So it is necessary for the car manufacturers to
develop a system to assist the driver in overcoming the fatigue and drowsiness. On considering this in mind, the paper
explores a different factor which contributes a lot to the design of fatigue and drowsiness detection systems. The factors
which are taken in to account are cognitive behavioral changes during driving, driving behaviors of the driver. This
review paper mainly focused on the psychological factors regarding prevention of accidents.

I. INTRODUCTION

Driving a vehicle is an amazing multitasking activity which utilizes all the cognitive resources for the completion of
safe journey to the destination. Driver’s distraction and attention less driving mainly contributes to the majority of road
accidents. The most important fatal crash accidents which are referred as “fatal five”, such as speeding, drink driving,
fatigue, distraction and not wearing the seatbelt [1], risky driving like racing others drivers /vehicles [2], tailgating,
unsafe overtaking [3], and the use of cell phones while driving[4]. Traffic engineering and legislation over automobile
safety devices have contributed to a reduction in the death rate, but the crashes of motor vehicle which remains to be
the leading cause of casualty in the developing countries like India. Safe motor vehicle management is influenced by a
wide range of individual differences among the drivers. Road safety researchers and policy makers are trying to make
judgments about what constitutes safe driving.

Psychological factors like motivation, personality, cognitive style, and fatigue and stress level of the driver must also be
considered. There are very less evidences available about the unsafe driving behavior, hence it is very difficult to
predict the correlation between the various aspects of driving behavior. This judgment mainly relies on the ability to
measure the salient performance indicators and combining all these to attain quantitative assessments. Efforts were put
on by the researchers and policy makers in order to develop a system that continuously monitor the driver and warn
him/her when they are in drowsiness state. This would help them in driving safety. At present, drowsiness tests are
administered in occupational settings which are mainly based on the questionnaires or psychomotor vigilance test [5].
Many methods have been developed and some of them are currently being used for detecting the driver’s drowsiness
including the measurements of physiological features and behaviors of the vehicle. This review paper deals with major
requirements and factors to be considered while designing it. The paper consists of two sections, cognitive behavior and
driver behavior modeling are considered from various literature.

Cognitive process

1.1 Personality traits

The main factor which is recognized as the reason to predict dangerous driver behavior is the driver’s personality. The
aim is to examine the independent and combined roles of three personality traits such as conscientiousness, sensation
seeking and anger hostility in predicting the risky driving behavior. [6] Explains that there is only one set of traits
which is long recognized as relevant to predicting dangerous driver behavior in the driver’s personality. Sensation
seeking is defined as the desire for and engagement in varied, complex and arousing sensations and experiences [7] and
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is consistently linked to driver’s risky behavior in empirical research. Conscientiousness is defined as the tendency to
be disciplined, responsible and reliable [8]. Anger and hostility are constructs measured both as stable emotional
patterns and as transient dispositional states. The tendency towards hostile, frustrated and angry behavior is often linked
to risky driving [9].

Various researchers had described the study which addresses and assesses three individual differences factors of
interest like sensation seeking, conscientiousness and anger/hostility within the same sample, and also asked the
participants to complete a measure of risky driving within a computer simulated virtual environments. Personality is
related to risky driving behavior. The above mentioned 3 behavior patterns each predicted risky driving. [10] Found
that anger/hostility play a stronger role in risky driving than conscientiousness or sensation seeking. Considerable
amount of research is currently dedicated to analyze the role that the attentional system dominates in determining the
driver’s behavior. Cognitive process like perception and attention has become more important than action [11] which
leads to the kind of error in automation in which the total resource demands were actually not reduced, but
redistributed. Today the operators are performing cognitive tasks such as planning, identifying or resolving problems
instead of manual tasks [12] .

[13] Described the fatigue as an undesirable change in performance that could be linked to continuous activity and it is
considered to be similar to muscle fatigue. [14] Described the mental fatigue as the state of reduced mental alertness
that degrades the performance. [15] Refers the fatigue as the effects that people experience following and during the
course of prolonged periods of demanding cognitive activity requiring sustained mental activity.

1.2 Attention networks

[16] Aimed to reduce the number of attention related accidents. The researchers mainly focused on the influences of
difference of in the functioning of 3 attentional networks like executive control, attentional oriented and alerting, when
the driver has to deal with some common dangerous situations. Based on the decade of some neurocognitive research
on human attention, an easy computer based task has been designed to measure the performance of participants in some
basic common tasks of attention. Attention network task ANT [17] is a combination of cued reaction time and the
Flanker test [18].

The aim is to determine the efficiency of 3 attentional networks and they are analyzed by measuring the influences on
the performance of alerting signals, spatial cues and distracting flankers. [19] [20], proposed that 3 categories of driving
hazards could be classified according to the relationship between the precursors and the actual hazard source. These
categories can be named as behavioral prediction, environmental prediction and dividing them to focusing attention in
hazardous situations. The study presented by the authors was to analyze the relationship between the differences in the
functioning of 3 attentional networks like executive control, attentional orienting and alerting the driver’s behavior.
Multiple measures of the participants’ attentional functioning were obtained from a computer based neurocognitive
test: the attention networks test for interaction and vigilance (ANTI-V) which were compared by using driving
simulators. Lots of researchers had shown that truck driving is among the occupations with the highest risk of fatal
accidents [21]. This is not necessarily due to the fault of the truckers. [22] Found that professional truck drivers have a
unigue set of characteristics compared to that of everyday motorists. Drivers of heavy truck engage in fewer unsafe
road behaviors than general drivers [23].

[24] Found that older drivers are more experienced and smarter than young and novice drivers to adjust their driving
behaviors to suit road traffic and conditions. [25] Described that young drivers have strong motivations for very risky
driving than older. [26], also found that male drivers contribute at the highest frequency rate to the road traffic
accidents than female drivers. [27] Investigated and found that young drivers’ risky and non-risky behaviors were often
linked to the personality characteristics, developmental-features, demographics, driving ability, perceptions and driving
environments. [28], mainly focused on the influence of young drivers’ perceptions of risk and personality motivational
systems of reinforcement sensitivity theory (RST). [29] Found that personality is not a direct prey for road crashes, it
has been shown to be the direct influence through risk perceptions and risky driving engagement.

[30] Had linked personality characteristics like sensation seeking, impulsivity with risky driving. 31] Shows that
reinforcement sensitivity theory RST forms the conceptual basis for investigating the driving behaviors. This theory is
proposed with 3 independent systems like reward, punishment and threat response. 2 important components of RST
which regulate “aversive and approach motivation”. Aversive motivational system is called as “behavioral inhibition

Copyright to JIRSET WwWw.ijirset.com 3564


http://www.ijirset.com/

r

ﬁ' _ ISSN: 2319-8753
JIRSE

— T

International Journal of Innovative Research in Science,
Engineering and Technology
(ISO 3297: 2007 Certified Organization)
Vol. 2, Issue 8, August 2013

system”, referred as negative reactivity and approach motivational system is called as “behavioral approach system”
referred as positive reactivity. These motivational systems are designed to assess individual differences in sensitivity
regarding the reward and punishment.

[32] Found that BIS helps in avoiding the behavior which could lead to painful or negative consequences and is highly
responsible for negative feelings like sadness, anxiety and frustration. [33] Found that BAS has 3 sub-systems like
drive, reward responsiveness and fun seeking and is thought to control impulsivity, elation, hope and happiness. It is
being very sensitive regarding reward, non- punishment and escape from punishment. [32] Says that the principal
functions of BAS are to initiate incentive motivated, goal directed behaviors. [34] Found that BAS is also related to
traffic violation. [35] Found that, it is applied to behaviors such as drinking, gambling and driving, individuals who has
low BIS and high BAS perceive less risk. [36] Found that RST helps in playing the key role in explaining the
individual differences in risk perception. The authors in this study try to explain the relationship between the BIS/BAS
motivational system, perceived risk of, and reported engagement in risky driving behaviors.

Il. BEHAVIOR MODELING

There are several safety techniques which are developed in the past such as, hazard analysis techniques, instrumented
vehicle studies and fleet studies of driving safety interactions. [37] Aimed to use the applications of an innovative
approach for analyzing the problems of fatigue in the truck driving industry. Driver fatigue is considered as the major
cause of long haul truck crashes [38]. There is no accurate relationship of fatigue casual factors like time on task,
circadian effects and low quality of sleep to other crash contributing factors like night visibility or interactions with
other traffic. There are many empirical methods which utilize driving simulator test trackers or on-road instrumented
vehicles in order to collect the data regarding driving performance and other safety measures [39]. The hazard analysis
technique [40] is mainly used in the areas of safety research to determine the relative safety of a system using a smaller
and more detailed data set of unsafe acts or near misses. With the help of this technique, the collected data helps in
identifying the incidents where significant unsafe actions, behaviors or equipment malfunctions had occurred. They are
again classified as either safety related errors or as near crashes. Truck driving is a complex activity which relies on a
certain number of cognitive skills, their automation level and mainly on drivers’ expertise [41]. [42] Reported a novel
application to investigate the drivers by various professionals about their driving behavior. The changes in drivers’
performance can be analyzed by using certain variables like, speed and its derivatives, lane keeping measures, headway
and other safety measures like overtaking or gap acceptance behavior. Many research studies reported about the
changes in these variables, indicating either a worsening or improvement in driving behavior.

Impairment due to consumption of offensive drugs leads to poorer car following and abnormal steering behavior [43]
and difficulty in taking decision [44]. Driver distraction can be found when he/she exhibits poor tracking strategies and
detection of obstacles and avoidance during the usage of mobile phones while driving [45]. Improved driver
performance can be monitored by using similar measures like reduction in speed violations, installation of enforcement
cameras [46], feedback system which makes the driver to maintain the safer headway to the front vehicle [47] etc.
Some measures, such as speed reduction could be interpreted as being either indicative of poorer performance and can
be combined by a narrowing of peripheral scanning [48].

Abnormal reaction to the changes in the road environments like changes in weather conditions and challenges in road
geometry will also affect the driver performance. The variables which were used to evaluate the changes in driving
performance depend not only on the direction of change, but also on the quantitative effect of the change. For each 1
mph reduction in mean speed, there is a conjoined 5% reduction in accidents which should be treated cautiously. [49]
Reported it depends on road type and its associated mean speed. Various road safety experts are trying to estimate the
models where the main effects are statistically significant.

The 5 performance variables which shows the considerable differences in drivers’ safety such as mean speed, speed
variation, variation in lane position, minimum headway and driver awareness. The findings [42] show that there are
some tolerances, with respondents allowing a safety margin of approximately 10% above the posted speed limits. This
shows that the speeds up to this hypothetical limit are generally accepted to the be safe or at least as travelling at the
speed limit, above this limit the safety index decreases exponentially. The authors had also attempted to establish the
mathematical relationship between the free travel speeds and the relative risk of involvement in a collision. The Delphi
study was undertaken to use expert judgment as a way of deriving a first approximation of these thresholds and

Copyright to JIRSET WwWw.ijirset.com 3565


http://www.ijirset.com/

-~

b ﬁ ISSN: 2319-8753
[JIRSET

International Journal of Innovative Research in Science,
Engineering and Technology
(ISO 3297: 2007 Certified Organization)
Vol. 2, Issue 8, August 2013

combinatory effects. By the use of the safety preference technique, the judgment can be made by the road safety
professionals about the drivers’ safe and unsafe behaviors.

111.CONCLUSION

This review illustrates the various first of its kind and state of the art data regarding the psychological factors to be
considered in the design of fatigue and drowsiness detection systems. Cognitive process and attentional networks are
analyzed from various literatures. From the above speculations, it is concluded that these factors are often analyzed
before and after the accidents. There are also some major factors which contribute to the design such as neuro-
physiological variations and visual topographies. The latter two, are examined and given more importance regarding
the prevention of the accidents.

REFERENCES

1. Tay, R., 2005. The effectiveness of enforcement and publicity campaigns on serious crashes involving young male drivers: are drink driving
and speeding similar? Accident Analysis and Prevention 37, 922-929.

2. Brady, S.S., 2006. Lifetime community violence exposure and health risk behavior among young adults in college. Journal of Adolescent
Health 39, 610-613.

3. Forward, S.E., 2006. The intention to commit driving violations—a qualitative study. Transportation Research Part F: Traffic Psychology and
Behaviour 9, 412-426.

4. White, K.M., Walsh, S.P., Hyde, M.K., Watson, B., 2010. Mobile phone use while driving: an investigation of the beliefs influencing drivers’
hands-free and handheld mobile phone use. Transportation Research Part F: Traffic Psychology and Behaviour 13, 9-20.

5. Balkin, T.J., Bliese, P.D., Belenky, G., Sing, H., Thorne, D.R., Thomas, M., Redmond, D.P.,Russo, M., Wesensten, N.J., 2004. Comparative
utility of instruments for monitor-ing sleepiness-related performance decrements in the operational environment.Journal of Sleep Research 13,
219-227.

6.  ArthurJr., W., Barrett, G.V., Alexander, R.A., 1991. Prediction of vehicular accident involvement: a meta-analysis. Human Perform. 4, 89-105

7. Zuckerman, M., 1994. Behavioral Expressions and Biosocial Bases of Sensation Seeking. Cambridge University Press, New York

8. McCrae, R.R., Costa Jr., P.T., 1987. Validation of the five-factor model of personality across instruments and observers. J. Pers. Soc. Psychol.
52, 81-90.

9. lversen, H., Rundmo, T., 2002. Personality, risky driving and accident involvement among Norwegian drivers. Pers. Indiv. Differ. 33, 1251
1263.

10. David C. Schwebel, Joan Severson , Karlene K. Ball, Matthew Rizzo., 2006. Individual difference factors in risky driving: The roles of
anger/hostility, conscientiousness, and sensation-seeking Accident Analysis and Prevention 38, 801-810

11. Boksem, M.A.S., Tops, M., 2008. Mental fatigue: costs and benefits. Brain Research Reviews 59, 125-139.

12. Hollnagel, E.,1995. Automation, coping, and control. In: Kondo, S. (Ed.), Post HCI 95 Seminar on Human—Machine Interface in Process
Control-Interface for co-understanding and cooperation, July 17-18. Hieizan, Japan.

13. Bartlett, F.C., 1943. Fatigue following highly skilled work. Proceedings of the Royal Society B131, 247-257.

14. Grandjean, E., 1980. Fitting the Task to the Man: An Ergonomic Approach, third ed. Taylor & Francis, London, UK.

15. Lorist, M.M., Boksem, M.A.S., Ridderinkhof, K.R., 2005. Impaired cognitive control and reduced cingulate activity during mental fatigue.
Cognitive Brain Research 24, 199-205.

16. Fan, J., McCandliss, B.D., Sommer, T., Raz, A., Posner, M.l., 2002. Testing the efficiency and independence of attentional networks. Journal of
Cognitive Neurosciences 14 (3), 340-347.

17. Eriksen, B.A., Eriksen, C.W., 1974. Effects of noise letters upon the identification of a target letter in a nonsearch task. Perception &
Psychophysics 16 (1), 143-149.

18. Crundall, D., Andrews, B., van Loon, E., Chapman, P., 2010. Commentary training improves responsiveness to hazards in a driving simulator.
Accident Analyses and Preve 42, 2117-2124.

19. Crundall, D., Chapman, P., Trawley, S., Collins, L., van Loon, E., Andrews, B., Underwood, G., 2012. Some hazards are more attractive than
others: Drivers of varying experience respond differently to different types of hazard. Accident Analyses and Prevention 45, 600-609.

20. McCall, B.P., Horwitz, LB., 2005. Occupational vehicular accident claims: a workers’ compensation analysis of Oregon truck drivers 1990—
1997.Accident Analysis and Prevention 37, 767-774.

21. Walton, D., 1999. Examining the self-enhancement bias: professional truck drivers’ perception of speed, safety, skill and consideration.
Transportation Research Part F: Traffic Psychology and Behaviour 2, 91-113.

22. Blower, D., 1998. The relative contribution of truck drivers and passenger vehicle drivers to truck-passenger vehicle traffic crashes. Publication
No. UMTRI-98-25. University of Michigan Transportation Research Institute, Ann Arbor, MI

23. Bingham, R.C., Shope, J.T., 2004. Adolescent problem behavior and problem driving in young adulthood. Journal of Adolescent Research 19,
205-223.

24. Hatfield, J., Fernandes, R., 2009. The role of risk-propensity in risky driving of younger drivers. Accident Analysis and Prevention 41, 25-35.

25. Boyce, T.E., Geller, S.E., 2001. An instrumented vehicle assessment of problem behavior and driving style: do younger males really take more
risks? Accident Analysis and Prevention 34, 51-64.

26. Shope, J.T., 2006. Influences on youthful driving behavior and their potential for guiding interventions to reduce crashes. Injury Prevention 12,
9-14.

27. Emma L. Harbeck, A. lan Glendon., 2013. How reinforcement sensitivity and perceived risk influence young drivers’ reported engagement in
risky driving behaviors. Accident Analysis and Prevention 54, 73— 80

Copyright to JIRSET WwWw.ijirset.com 3566


http://www.ijirset.com/

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

41.

42.
43.

44.

45,

46.

47.

48.

._'_—-
! ]

b ISSN: 2319-8753
[JIRS

International Journal of Innovative Research in Science,
Engineering and Technology
(ISO 3297: 2007 Certified Organization)
Vol. 2, Issue 8, August 2013

S

I

Constantinou, E., Panayiotou, G., Konstantinou, N., Loutsiou-Ladd, A., Kapardis, A., 2011. Risky and aggressive driving in young adults:
personality matters. Accident Analysis and Prevention 43, 1323-1331.

Schwebel, D.C., Severson, J., Ball, K.K., Rizzo, M., 2006. Individual difference factors in risky driving: the roles of anger/hostility,
conscientiousness, and sensationseeking. Accident Analysis and Prevention 38, 801-810.

Ignjatovi” ¢, L., Todorovski, Z., 2010. The relationship between the revised reinforcement theory, the alternative five-factor model of
personality and risky behaviors. Current Topics in Neurological and Psychiatric Relation Discipline 18, 20-27.

Smillie, L.D., Pickering, A.D., Jackson, C.J., 2006. The new reinforcement sensitivity theory: implications for personality measurement.
Personality and Social Psychology Review 10, 320-335.

Voigt, D.C., Dillard, J.P., Braddock, K.H., Anderson, J.W., Sopory, P., Stephenson, M.T. 2009. Carver and White’s 1994 BIS/BAS scales and
risky health behaviors. Personality and Individual Differences 47, 89-93.

Scott-Parker, B., Watson, B., King, M.J., 2009. Understanding the psychosocial factors influencing the risky behaviour of young drivers.
Transportation Research Part F: Traffic Psychology and Behaviour 12, 470-482.

Miller, J.D., Campbell, KW., Young, D.L., Lakey, C.E., Reidy, D.E., Zeichner, A., Goodie, A.S., 2009. Examining the relations among
narcissism, impulsivity, and self —defeating behaviors. Journal of Personality 77, 761-794.

Peters, E.M., Burraston, B., Mertz, C.K., 2004. An emotion-based model of risk perception and stigma susceptibility: cognitive appraisals of
emotion, affective reactivity, worldviews, and risk perceptions in the generation of technological stigma. Risk Analysis 24, 1349-1367.

Thomas A. Dingus, Vicki L. Neale, Sheila G. Klauer, Andrew D. Petersen, Robert J. Carroll., 2006. The development of a naturalistic data
collection system to perform critical incident analysis: An investigation of safety and fatigue issues in long-haul trucking. Accident Analysis
and Prevention 38 (2006) 1127-1136

Haworth, N.L., Triggs, T.J., Grey, E.M., 1988. Driver Fatigue: Concepts, Measurement and Crash Countermeasures, Report No. CR 72.
Department of Transport and Communications, Federal Office of Road Safety, Document Retrieval Information, Canberra, Australia.

Dingus, T.A., 1995. Moving from measures of performance (MOPSs) to measures of effectivness (MOEs). In: Safety Evaluation of Intelligent
Transportation Systems Workshop Proceedings. ITS America, Washington DC.

Heinrich, H.W., Petersen, D., Roos, N., 1980. Industrial Accident Prevention. McGraw-Hill Book Company, New York.

Perruchet, P., 1988. Les Automatismes Cognitifs. Mardaga, Liege.

Samantha Jamson, Mark Wardman, Richard Batley, Oliver Carsten., 2008. Developing a driving Safety Index using a Delphi stated preference
experiment. Accident Analysis and Prevention 40, 435-442.

Kay, G.G., 2000. The effects of antihistamine on cognition and performance. J. Allergy Clin. Immunol. 105 (6), 622—627.

Brookhuis, K.A., de Waard, D., Samyn, N., 2004. Effects of MDMA (ecstasy), and multiple drugs use on (simulated) driving performance and
traffic safety. Psychopharmacology 173 (3-4), 440-445.

Treffner, P.J., Barrett, R., 2004. Hands-free mobile phone speech while driving degrades coordination and control. Transport. Res. Part F 7 (4—
5), 229-246.

Keall, M.D., Povey, L.J., Frith,W.J., 2002. Further results from a trial comparing a hidden speed camera programme with visible camera
operation. Accident Analysis and Prevention. 34 (6), 773-777.

Fairclough, S.H., May, A.J., Carter, C., 1997. The effect of time headway feedback on following behaviour. Accid. Anal. Prev. 29 (3), 387-
397.

Victor, T.W., Harbluk, J.L., Engstrom, J.A., 2005. Sensitivity of eye-movement measures to in-vehicle task difficulty. Transport. Res. Part F 8
(2), 167-190.

Taylor, M., Lynam, D., Baruya, A., 2000. The effects of drivers’ speed on the frequency of road accidents. TRL Report 421. Transport
Research Laboratory, Crowthorne.

Copyright to JIRSET WwWw.ijirset.com 3567


http://www.ijirset.com/

